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Περίληψη

Στην παρούσα διπλωµατική εργασία διερευνήθηκαν οι διαφορές του ελαφροσκυροδέµα-
τος και του συµβατικού σκυροδέµατος αρχικά στις οριακές καταστάσεις και έπειτα σε ε-
πίπεδο ϕορέα κατά EC2 και EC8. ∆ιερευνήθηκαν αρχικά οι διαφορές στις οριακές κατα-
στάσεις αστοχίας, στις οριακές καταστάσεις λειτουργικότητας και στη πλαστιµότητα. Για να
γίνει η σύγκριση αυτή σχεδιάστηκαν διαγράµµατα για την εξαγωγή συµπερασµάτων. Αυτό
πραγµατοποιήθηκε µε τα µηχανικά χαρακτηριστικά και τις οριακές καταστάσεις αστοχίας-
λειτουργικότητας όπως παρουσιάζονται στις διατάξεις του Ευρωκώδικα 2 και 8. Η χάραξη
αυτή των διαγραµµάτων πραγµατοποιήθηκε µε το λογισµικό matlab©.

Για την σύγκριση σε επίπεδο ϕορέα έγινε ο σχεδιασµός πενταόροφης κατασκευής για
σκυρόδεµα κανονικού ϐάρους και για ελαφροσκυρόδεµατα µε πυκνότητες ρ = 1600kg/m3

και ρ = 1800kg/m3. Για τον σχεδιασµό χρησιµοποιήθηκε το στατικό πρόγραµµα SAP2000©.

Προκύπτουν τελικά διαγράµµατα σχεδιασµού, πλαστιµότητας και λειτουργίας. Μέσω των
διαγραµµάτων συµπεραίνεται ότι µε την µείωση της πυκνότητας του σκυροδέµατος δεν µετα-
ϐάλλονται οι απαιτούµενοι οπλισµοί επηρεάζονται όµως οι οριακές ϱοπές. Στα κατακόρυφα
στοιχεία για δυσµενή περίπτωση υποστυλώµατος η αντοχή µπορεί να µειωθεί κατά 15�20%
για ελαφροσκυρόδεµα µε ρ = 1400kg/m3. ∆εν παρουσιάζονται ιδιαίτερες µεταβολές στο
λυγισµό αλλά αυτό οφείλεται στην αδυναµία του ευρωκώδικα να λάβει υπόψιν τις διαφορές
στην µη γραµµικότητα γεωµετρίας. Οι πλαστιµότητες χωρίς περίσφιξη µεταβάλλονται κατά
µεγάλο ποσοστό σε κατακόρυφα στοιχεία ενώ όσο µειώνεται ο ϑλιβόµενος οπλισµός τόσο
µειώνονται και οι διαφορές. Για πλαστιµότητες στοιχείων υπό περίσφιξη παρατηρείται ότι
οι διαφορές αυξάνονται για αύξηση της περίσφιξης, ειδικά στην περίπτωση κισσηροδέµατος
πέραν µίας περίσφιξης δεν αυξάνεται η περίσφιξη στοιχείων. Σε οριακές καταστάσεις λειτουρ-
γίας παρότι µειώνεται η τέµνουσα δυσκαµψία για µείωση της πυκνότητας δεν µεταβάλλονται
τα ϐελή για τυπικές περιπτώσεις γραµµικών ϕορέων.

Η εφελκυστική αντοχή fctm είναι το κριτήριο διαστασιολόγησης των υποστυλωµάτων στο
ελαφροσκυρόδεµα. Οι διαφορές στους απαιτούµενους οπλισµούς για ελαφροσκυρόδεµα
παρουσιάζονται αποκλειστικά στις στηρίξεις των πλακών και στους διαµήκεις οπλισµούς των
δοκών. Για ελαφροσκυρόδεµα ελαφρών αδρανών µε ρ = 1800kg/m3 παρουσιάζεται ποσο-
στιαία µείωση κατά 8% των οπλισµών και αύξηση του µέγιστου συντελεστή σεισµικής ευαι-
σθησίας κατά 5%΄ενώ για ελαφροσκυρόδεµα µε ρ = 1600kg/m3 παρουσιάζεται ποσοστιαία
µείωση κατά 10% των οπλισµών και αύξηση του µέγιστου συντελεστή σεισµικής ευαισθησίας
κατά 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
EC8 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 ρ = 1800kg/m3 and lightweight aggregate concrete with a density of ρ = 1600kg/m3.
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 ρ = 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 ρ = 1800kg/m3

there is a 8% decrease of steel and a 5% increase of the maximum sensitivity coefficient
whereas for ρ = 1600kg/m3 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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Katˆlogoc sumbìlwn-suntomografÐec

ES elafroskurìdema

LWAC, ESEA elafroskurìdema me elafrˆ adran 

NWC, SKB skurìdema kanonikoÔ �ˆrouc

OKA oriakèc katastˆseic astoqÐac

OKL oriakèc katastˆseic leitourgikìthtac

� o puknìthta oplismènou skurodèmatoc

� puknìthta ˆoplou skurodèmatoc

g monadiaÐo �ˆroc oplismènou skurodèmatoc

� c2 anhgmènh paramìrfwsh plèon �libìmenhc Ðnac skurodèmatoc

� c1 anhgmènh paramìrfwsh plèon efelkuìmenhc Ðnac skurodèma-

toc

� s2 anhgmènh paramìrfwsh plèon �libìmenhc Ðnac qˆluba

� s1 anhgmènh paramìrfwsh plèon efelkuìmenhc Ðnac qˆluba

s tˆsh
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Prìlogoc

H paroÔsa diplwmatik  ekpon jhke katˆ thn earin  perÐodo tou akadhmaðkoÔ ètouc

2019-2020, sta plaÐsia tou proptuqiakoÔ progrˆmmatoc spoud¸n thc sqol c politik¸n

mhqanik¸n tou EjnikoÔ Metsìbiou PoluteqneÐou. H ergasÐa aut  oloklhr¸nei kai ton

kÔklo spoud¸n diˆrkeiac 6 et¸n me kateÔjunsh domostatikoÔ mhqanikoÔ.

H ergasÐa aut  ègine upì thn epÐbleyh tou K. Qr stou Zèrh, anaplhrwt  kajhght 

tou tomèa domostatik c thc sqol c politik¸n mhqanik¸n tou EMP.
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Kefˆlaio 1

Eisagwg 

E na apì ta eurèwc qrhsimopoioÔmena teqnikˆ ulikˆ gia thn kataskeu  domhmˆtwn

eÐnai to oplismèno skurìdema. Eidikˆ sthn Ellˆda pou parˆgetai tsimènto kai u-

pˆrqoun shmantikˆ apojèmata adran¸n oi perissìterec kataskeuèc eÐnai kataskeuasmènec

apì skurìdema. Pleonekt mata ìpwc h mikr  tim  tou skurodèmatoc, ta shmantikˆ mh-

qanikˆ qarakthristikˆ tou kai h eukolÐa mìrfwshc �erìntwn stoiqeÐwn kajistoÔn idanik 

thn qr sh tou wc �èron ulikì. 'Ena apì ta shmantikìtera meionekt mata tou ìmwc eÐnai

to Ðdio to �ˆroc touc. H posìthta tou ulikoÔ pou qrhsimopoieÐtai gia thn exasfˆlish twn

apaitoÔmenwn antoq¸n mporeÐ na odhg sei se megˆla �ortÐa tìso statikˆ se perÐptwsh

megˆlwn anoigmˆtwn, ìso kai seismikˆ sthn perÐptwsh yhl¸n �orèwn.

Gia na antimetwpisteÐ aut  h prìklhsh anaptÔqjhke to domikì elafroskurìdema. To ela-

�roskurìdema qrhsimopoioÔntan arqikˆ gia �ermomìnwsh. H megˆlh �ermomonwtik  kai

hqomonwtik  ikanìthta kaj¸c kai to mikrì tou �ˆroc to kajistoÔse idanikì gia thn qr sh

se dˆpeda, mon¸seic ktl. Me ton kairì epiqeir jhke na anaptuqjoÔn pia skurodèmata gia

thn dhmiourgÐa �erìntwn stoiqeÐwn. Me thn qr sh diafìrwn tÔpwn teqnht¸n kai �usik¸n

adran¸n dhmiourg jhkan skurodèmata pou mporoÔsan na �èroun shmantikˆ �ortÐa. H

melèth gia thn efarmog  tou kˆje tÔpou kajorÐzontan �èbaia apì thn diajesimìthta twn

domik¸n ulik¸n stic antÐstoiqec q¸rec. Sthn Ellˆda gia parˆdeigma upˆrqei idiaÐtero

endiafèron gia to kisshrìdema, kaj¸c upˆrqoun sta Dwdekˆnhsa shmantikˆ apojèmata

elafrìpetrac ˆristhc poiìthtac pagkosmÐou klˆshc.

Ta mhqanikˆ qarakthristikˆ tou elafroskurodèmatoc èqoun eisaqjeÐ pia kai se kanoni-

smoÔc ìpwc ton Eurwk¸dika.
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Kefˆlaio 2

Jewrhtikì upìbajro

2.1 Basikˆ qarakthristikˆ elafroskurodèmatoc

Orismìc elafroskurodèmatoc

Wc ES orÐzetai to skurìdema me puknìthta mikrìterh apì thn puknìthta twn kanonik¸n

skurodemˆtwn(2150-2500 kg=m 3).

Ta ES anˆloga me thn puknìthta touc kai ton tÔpo touc èqoun diaforetikèc qr seic lìgw

twn mhqanik¸n touc qarakthristik¸n.

TÔpoi ES

Anˆloga me ton trìpo kataskeu c kai twn ulik¸n diakrÐnontai se treÐc tÔpouc [3],

ˆ Me elafrˆ adran 

Paraskeuˆzontai ìpwc ta SKB me qr sh pia elafr¸n adran¸n. Autˆ ta adran  mpo-

�eÐ na eÐnai �usikˆ   teqnhtˆ.

Fusikì adranèc eÐnai h kÐsshrh

Teqnhtˆ adran  eÐnai h skwrÐa, o diogkwmènoc perlÐthc, h diogkwmènh ˆrgiloc, h

iptˆmenh tèfra k.t.l. Sta pio sÔgqrona teqnhtˆ adran  qrhsimopoioÔntai kai oi

pèrlec diogkwmènhc polusterÐnhc, ta oruktopoihmèna �okanÐdia xÔlou, to diogkw-

mèno gualÐ k.t.l.

ˆ Me egklwbismèno aèra   aèrio.

DhmiourgeÐtai me �usalÐdec apì egklwbismèno aèrio. Paraskeuˆzetai qwrÐc qon-

drìkokka adran  kai se pollèc peript¸seic qwrÐc adran , qarakthrÐzontai ètsi apì

polÔ mikr  puknìthta (400 � 1100 kg=m 3) kai antoq  (2 � 10MPa). QrhsimopoieÐtai

wc �ermomonwtikì ulikì.

ˆ Mìno me qondrìkokka elafroadran 

KathgoriopoÐhsh ES �ˆsh leitourgÐac

Mia �asik  kathgoriopoÐhsh �ˆsh tou tÔpou kai thc puknìthtac apì to amerikˆnikì

institoÔto skurodèmatoc (ACI ) eÐnai [4],
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Kefˆlaio 2. Jewrhtikì upìbajro

Sq ma 2.1: LeitourgÐa tou ES �ˆsh puknìthtac kai tÔpou

2.2 KanonismoÐ EC2 kai EC8

2.2.1 Mhqanikèc idiìthtec ulik¸n

Oi mhqanikèc idiìthtec �a qrhsimopoihjoÔn sto logismikì matlab © gia thn dhmiourgÐa

twn diagrammˆtwn sÔgkrishc.

Skurìdema

Gia to SKB ta qarakthristikˆ dÐnontai upì morf  pÐnaka. O pÐnakac eÐnai,
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2.2.1 Mhqanikèc idiìthtec ulik¸n

Sq ma 2.2: PÐnakac skurodèmatoc SKB, EC2

Gia to ESEA ta qarakthristikˆ metabˆllontai �ˆsh thc puknìthtac � tou skurodèmatoc.

O pÐnakac anafèretai sthn qr sh elafroskurodèmatoc me elafrˆ adran . Sugkekrimèna

orÐzontai dÔo suntelestèc,

n1 = 0:6 + 0:4 � �= 2200

nE = (�= 2200 )2

Bˆsei aut¸n o pÐnakac prokÔptei wc ex c,
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Kefˆlaio 2. Jewrhtikì upìbajro

Sq ma 2.3: PÐnakac skurodèmatoc ESEA, EC2

Me �ˆsh tic paramètrouc aut¸n twn dÔo pinˆkwn orÐzontai ta trÐa parakˆtw diagrˆm-

mata tˆsewn - paramorf¸sewn gia ta duo ulikˆ, anˆloga me thn efarmog  touc :

ˆ Diˆgramma 1: QrhsimopoieÐtai gia mh grammik  anˆlush �orèwn. Aplopoihtikˆ, gia

eÔresh paramorf¸sewn se leitourgÐa qrhsimopoieÐtai trigwnikì diˆgramma tˆsewn-

paramorf¸sewn me klÐsh Ecm .

Sq ma 2.4: Diˆgramma 1 tˆsewn-paramorf¸sewn skurodèmatoc
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2.2.1 Mhqanikèc idiìthtec ulik¸n

ìpou,

� c = fcm �
k � n � n2

1 + (k � 2) � n

n =
� c

� c1

k = 1:05 � Ecm � j � c1 j=fcm

ˆ Diˆgramma 2: QrhsimopoieÐtai gia sqediasmì thc diatom c.

Sq ma 2.5: Diˆgramma 2 tˆsewn paramorf¸sewn skurodèmatoc

Me ton analutikì tÔpo na eÐnai parabol ,

An 0 � � c � � c2

� c = fcd � [1 � (1 �
� c

� c2
)n ]

Alli¸c an � c2 � � c � � cu

� c = fcd

ˆ Diˆgramma 3: QrhsimopoieÐtai gia sqediasmì thc diatom c. Den parousiˆzetai to

sq ma kaj¸c eÐnai sunthrhtikì gia ton upologismì tou oplismoÔ.

Perisfigmèno skurìdema

Gia ton sqediasmì �orèwn apì skurìdema upì triaxonik  katapìnhsh uiojeteÐtai to

diˆgramma tˆsewn-paramorf¸sewn wc ex c,
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Kefˆlaio 2. Jewrhtikì upìbajro

Sq ma 2.6: Diˆgramma tˆsewn-paramorf¸sewn skurodèmatoc upì triaxonik  katapìnhsh

me analutikèc sqèseic,

ˆ Sumbatikì skurìdema,

fck;c = fck � (1 + 5 � � 2=fck ) gia � 2 � 0:05 � fck

fck;c = fck � (1:125 + 2:5 � � 2=fck ) gia � 2 > 0:05 � fck

� c2;c = � c2 � (fck;c =fck )2

� cu2;c = � cu + 0:2 � � 2=fck

ˆ ESEA,

f lck;c = f lck � (1 + k � � 2=f lck )

ìpou

Gia elafroskurìdema me ˆmmo wc leptìkokko adranèc k = 1:1

Gia elafroskurìdema me leptìkokka kai qondrìkokka adran .

� lc2;c = � lc2 � (f lckc =f lck )2

� lcu 2;c = � lcu + 0:2 � � 2=f lck

Qˆlubac

QrhsimopoieÐtai digrammikì diˆgramma sto opoÐo o meletht c mporeÐ na sumperilˆbei

thn krˆtunsh   ìqi. Gia thn elastik  perioq  tou qˆluba lambˆnetai mètro elastikìthtac

E = 200 MPa.
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2.2.2 Oriakèc katastˆseic astoqÐac

Sq ma 2.7: Diˆgramma tˆsewn-paramorf¸sewn qˆluba

2.2.2 Oriakèc katastˆseic astoqÐac

Paradoqèc

ˆ Epipedìthta diatom¸n katˆ benoulli ìpwc isqÔei sthn perÐptwsh twn grammik¸n �o-

�èwn

ˆ Gia ton upologismì twn eswterik¸n tˆsewn qrhsimopoioÔntai oi exis¸seic isoduna-

mÐac. ApaiteÐtai ètsi h isorropÐa twn eswterik¸n kai exwterik¸n antidrˆsewn.

ˆ H anhgmènh paramìrfwsh tou oplismoÔ kai tou skurodèmatoc sthn Ðdia stˆjmh eÐnai

Ðdiec. Den upˆrqei sqetik  olÐsjhsh tou qˆluba.

ˆ Gia thn perÐptwsh oriak c katˆstashc astoqÐac den lambˆnetai upìyin h efelkusti-

k  antoq  tou skurodèmatoc.

ˆ Oi tˆseic sto skurìdema eÐnai autèc pou prokÔptoun apì to diˆgramma tˆsewn-

paramorf¸sewn 2 tou skurodèmatoc

ˆ Oi tˆseic ston oplismì eÐnai autèc pou prokÔptoun apì to diˆgramma tˆsewn-paramorf¸sewn

tou qˆluba

Oi anhgmènec paramorf¸seic diatom c gia OKA ìpwc parousiˆzontai katˆ eurwk¸dika

eÐnai,
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Kefˆlaio 2. Jewrhtikì upìbajro

Sq ma 2.8: Anhgmènec paramorf¸seic gia OKA

Bèbaia gia thn perÐptwsh pou lˆboume qˆluba qwrÐc krˆtunsh ston sqediasmì, h a-

nhgmènh paramìrfwsh astoqÐac tou qˆluba �ewreÐtai ìti den èqei ìrio.

Perioqèc astoqÐac me �ˆsh thn èntash

Anˆloga me thn èntash thc diatom c upˆrqoun treic peript¸seic astoqÐac,

ˆ Proèqousa kˆmyh : AnaptÔssetai kurÐwc �op  sthn diatom  kai h axonik  dÔnamh

eÐnai mikr  se sqèsh me aut n pou dÔnatai na anaptuqjeÐ.

Oi anhgmènec paramorf¸seic pou qarakthrÐzoun thn diatom  eÐnai, � c2 > 0 kai

� c1 < 0.

Prìkeitai gia thn perÐptwsh pou parousiˆzetai sthn pleioyhfÐa twn peript¸sewn me

megˆlec �opèc.

ˆ Proèqwn efelkusmìc : AnaptÔssetai megˆlh efelkustik  axonik  dÔnamh kai mikr 

�op .

Oi anhgmènec paramorf¸seic pou qarakthrÐzoun thn diatom  eÐnai, � c2 < 0 kai

� c1 < 0.

Praktikˆ gia peript¸seic efelkuìmenwn stoiqeÐwn.

ˆ Proèqousa �lÐyh : AnaptÔssetai megˆlh �liptik  axonik  dÔnamh kai mikr  �op .

Oi anhgmènec paramorf¸seic pou qarakthrÐzoun thn diatom  eÐnai, � c2 > 0 kai

� c1 > 0.

Praktikˆ gia peript¸seic kajarˆ �libìmenwn stoiqeÐwn.

2.2.3 Fainìmena deutèrac tˆxhc

Gia na lhfjeÐ upìyin o lugismìc qrhsimopoieÐtai h mèjodoc tou prìtupou upostul¸ma-

toc [1],   ìpwc parousiˆzetai ston EC2 h mèjodoc thc onomastik c kampulìthtac
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2.2.4 Oriakèc katastˆseic leitourgikìthtac

'Estw upostÔlwma me eleÔjero ˆkro, gnwst  �ìrtish sto ˆkro (N; Mx ; My ) kai gnwstˆ gew-

metrikˆ qarakthristikˆ L; b; h . Apì ta prohgoÔmena prokÔptoun anhgmènec entˆseic sto

ˆkro �; � x ; � y kai lìgoc l0
h . Katˆ thn mÐa dieÔjunsh(èstw x) gia metabol  thc orizìntiac

�èshc thc kefal c auxˆnetai kai h �op  sthn �ˆsh lìgw thc katakìrufhc dÔnamhc.

Sq ma 2.9: PerÐptwsh monìpaktou upostul¸matoc me eleÔjero ˆkro

Sugkekrimèna auxˆnetai katˆ,

MEd = M0 + NEd � e

katˆ ton EC2 h ekkentrìthta lambˆnetai wc

e =
l2
0

c
�

1

r

ìpou c = � 2 = 10

H kampÔlh ekkentrìthtac-antoq c kai ekkentrìthtac-�op c �aÐnetai parakˆtw

Sq ma 2.10: 'Entash kai �op  antoq c sunart sei thc ekkentrìthtac [1]

UpologÐzontac thn mègisth M0 ston ˆxona M prosdiorÐzetai kai h apaitoÔmenh �op 

antoq c gia apofug  astoqÐac apì �ainìmena deutèrac tˆxhc.

2.2.4 Oriakèc katastˆseic leitourgikìthtac

Oi oriakèc katastˆseic leitourgikìthtac pou lambˆnontai eÐnai oi katastˆseic ekeÐnec

pèran tic opoÐec h kataskeu  paÔei na eÐnai qr simh.

Bˆsh tou EC2 apaiteÐtai,
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Kefˆlaio 2. Jewrhtikì upìbajro

ˆ Periorismìc tˆsewn

ˆ 'Elegqoc �wgm¸n

ˆ 'Elegqoc �el¸n

Paradoqèc

EÐnai Ðdiec me autèc twn OKA me tic parakˆtw diaforèc,

ˆ AfoÔ h diatom  �rÐsketai pia se leitourgÐa lambˆnetai to diˆgramma 1 tou skuro-

dèmatoc

ˆ Gia thn perÐptwsh tou elègqou �wgm¸n �ewreÐtai �hgmatwmènh h diatom  (den lam-

�ˆnetai upìyin h efelkustik  antoq  tou skurodèmatoc.)

Gia thn perÐptwsh eÔreshc �el¸n �ewreÐtai ìti h diatom  �rÐsketai se mia endiˆme-

sh katˆstash metaxÔ �hgmatwmènhc kai arhgmˆtwthc diatom c. Autì ofeÐletai sthn

anˆlhyh twn efelkustik¸n tˆsewn apo to skurìdema stic diatomèc anˆmesa apì tic

prokÔptousec �wgmèc. Aut  h anakoÔfish onomˆzetai efelkustik  sumbol  sthn

akamyÐa (tension sti�ening e�ect ). [1]

Sugkekrimèna �ewreÐtai,

1

r
= � � (

1

r
)1 + (1 � � ) � (

1

r
)2

ìpou,

� = 1 � � � � sr
� s

� = 0 gia arhgmˆtwtec diatomèc

(1
r )1 kampulìthta gia arhgmˆtwth diatom 

(1
r )2 kampulìthta �hgmatwmènh diatom 

� eÐnai suntelest c pou lambˆnei upìyin thn qronik  diˆrkeia twn �ortÐsewn.

�=1 gia memonwmènh �raquprìjesmh �ìrtish

�=0.5 gia polloÔc kÔklouc �ortÐsewn

2.2.5 Epimèrouc diaforèc ESEA kai SKB

Ektìc apì tic diaforèc pou epishmˆnjhkan gia ton katastatikì qarakthrismì tou

skurodèmatoc (�l Pinakec 2.2 kai 2.3) �a parousiastoÔn kai oi upìloipec diaforèc stouc

elègqouc katˆ EC2 .

Erpusmìc kai sustol  x ranshc

O suntelest c erpusmoÔ gia to ESEA �a lhfjeÐ Ðsoc me autìn tou skurodèmatoc ka-

nonikoÔ �ˆrouc pollaplasiasmènoc epÐ ton suntelest  nE = ( �
2200 )2 . Oi anhgmènec para-

morf¸seic ìpwc proèkuyan �a prèpei na pollaplasiastoÔn me ton suntelest  n2 , ìpou,

n2 = 1:3 gia f lck � LC16=18

n2 = 1 gia f lck � LC20=22
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2.2.5 Epimèrouc diaforèc ESEA kai SKB

Oi timèc tou suntelest  x ranshc tou ESEA �a prokÔyoun apì tic timèc tou SKB polla-

plasiasmènec epÐ ton suntelest  n3 ,

n3 = 1:5 gia f lck � LC16=18

n3 = 1:2 gia f lck � LC20=22

Epikˆluyh

Gia to ESEA mporeÐ na qrhsimopoihjeÐ h Ðdia kathgorÐa èkjeshc ìpwc aut  tou SKB.

H epikˆluyh tou elafroskurodèmatoc �a prokÔyei apì aut  tou SKB me aÔxhsh katˆ

5mm

Ikanìthta strof c

Gia to ESEA h tim  tou � plast ìpwc �aÐnetai sto sq ma 5:6N tou EC2 �a pollaplasiasteÐ

me thn tim  � lcu 2
� cu2

Tèmnousa qwrÐc egkˆrsio oplismì

Gia to ESEA, h antoq  diatom c se tèmnousa qwrÐc egkˆrsio oplismì �a lhfjeÐ ìpwc

to SKB me tropopoÐhsh twn suntelest¸n,

VlRd;c = [ClRd;c � n1 � k � (100 � � l � f lck )1=3 + k1 � � cp] � bw � d � (n1 � � l;min + k1 � � cp) � bw � d

ClRd;c =
0:15


 c

� l;min = 0:028 � k 3=2 � f 1=2
lck

k1 = 0:15

� 1 = 0:5 � n1 � (1 � f lck =250 )

Mègisth tèmnousa kai tèmnousa gia egkˆrsio oplismì

TropopoieÐtai o suntelest c apì � = 0:6 � (1 � fck =250 ) se � = n1 � 0:5 � (1 � fck =250 )

Oriakèc katastˆseic leitourgikìthtac

Oi lìgoi anoÐgmatoc/statikoÔ Ôyouc gia oplismèna mèlh qwrÐc axonik  pou dÐnontai

sthn parˆgrafo 7:4:2 tou EC2 �a prèpei na meiwjoÔn me suntelest  n0:15
E ìtan efarmìzo-

ntai se ESEA.

Leptomèreiec oplismoÔ mel¸n me ESEA

Sthn perÐptwsh elafroskurodèmatoc h diˆmetroc twn tumpˆnwn �a prèpei na auxhjeÐ

katˆ 50%.
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Mèroc I

SÔgkrish sqediasmoÔ diatom¸n kai me-

l¸n apì SKB kai ESEA se OKA kai OKL
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Kefˆlaio 3

Sqediasmìc diatom¸n upì orjèc entˆseic

3.1 Qr sh H/U gia dhmiourgÐa diagrammˆtwn

Arqikˆ �a prèpei na epishmanjeÐ ìti gia thn dhmiourgÐa twn diagrammˆtwn sqediasmoÔ,

plastimìthtac kai èlegqwn OKL qrhsimopoi jhke to logismikì matlab © . 'Ena apìspasma

tou k¸dika pou qrhsimopoi jhke gia ton sqediasmì twn diagrammˆtwn allhlepÐdrashc se

monoaxonik  kˆmyh parousiˆzetai sto sq ma 3.1. Sugkekrimèna sto apìspasma autì

�aÐnontai oi epanal yeic gia ton upologismì twn suntelest¸n pl rwshc-�ˆrouc kai ton

upologismì twn anhgmènwn entatik¸n megej¸n.

Sq ma 3.1: Apìspasma apì k¸dika dhmiourgÐac diagrammˆtwn allhlepÐdrashc

43



Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

3.2 Anhgmènec paramorf¸seic �ˆsh kampulìthtac se OKA

Aut  h diakritopoÐhsh èqei idiaÐterh shmasÐa gia ton orismì twn paramorf¸sewn sthn

diatom  �ˆsh thc kampulìthtac. Opwc �aÐnetai sto sq ma 3.2 orÐzontai treic perioqèc.

ˆ Perioq  1, opoÔ h diatom  astoqÐac peristrèfetai gÔrw apì thn plèon efelkuìmenh

Ðna tou qˆluba. Se aut n thn perioq  oi endiˆmesec paramorf¸seic prokÔptoun èwc

ex c,

� i = � su �
� s1 � � c2

d
� (y i � ys1) = � su � (� s1 � � c2) � (

ys1 � y i

d
) =

� su � �d � (
ys1 � y i

d
) = f (�d )

ìpou, �d = � s1 � � c2 kai y �etikì proc thn plèon efelkuìmenh Ðna

  antistoÐqwc

� i = � su � �h � (
ys1 � y i

h
) = f (�h )

ìpou, �h = � c1 � � c2

ˆ Perioq  2, opoÔ h diatom  astoqÐac peristrèfetai gÔrw apì thn plèon �libìmenh Ðna

tou skurodèmatoc. Se aut n thn perioq  oi endiˆmesec paramorf¸seic prokÔptoun

èwc ex c,

� i = � cu +
� s1 � � c2

d
� (y i � yc2) = � cu + (� s1 � � c2) � (

y i � yc2

d
) =

� cu + �d � (
y i � yc2

d
) = f (�d )

  antistoÐqwc

� i = � cu + �h � (
y i � yc2

h
) = f (�h )

ˆ Perioq  3, opoÔ h diatom  astoqÐac peristrèfetai gÔrw apì thn Ðna pou �rÐsketai

se apìstash 1 � � c2
� cu2

� h apì thn plèon �libìmenh. An �ewr soume thn prohgoÔmenh

Ðna wcc3,

� i = � c3 +
� c1 � � c2

h
� (y i � yc3) = � c3 + (� c1 � � c3) � (

y i � yc3

h
) =

  antistoÐqwc,

� c3 + �h � (
y i � yc3

h
) = f (�h )

Oi sqèseic autèc antistoiqoÔn tìso sto SKB ìso kai sto ESEA. Oi diaforˆ gia to SKB kai to

ESEA ofeÐletai metabol  tou � lcu .

3.3 Suntelestèc pl rwshc kai shmeÐou efarmog c thc �lipti-

k c dÔnamhc

EpÐshc prèpei na shmeiwjeÐ ìti stic exis¸seic isodunamÐac to diˆgramma tˆsewn-paramorf¸sewn

tou skurodèmatoc �a antikatastajeÐ me orjogwnikì to opoÐo �a èqei to Ðdio �ortÐo kai ton
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3.3 Suntelestèc pl rwshc kai shmeÐou efarmog c thc �liptik c dÔnamhc

Ðdio moqlobraqÐona.

Gia ton suntelest  pl rwshc a,

a � b � h � fcd =
Z

A
� cdA ! a =

R
A

� cdA

b � h � fcd
=

b �
Rh

0
� cdh

b � h � fcd
=

Rh

0
� cdh

h � fcd

�ètontac ìmwc

� c = � c1 +
y

h
� (� c2 � � c1)

prokÔptei,

d� c = dy �
� c2 � � c1

h
! dy =

d� c � h

� c2 � � c1

Sunep¸c,

a =

R� c2

� c1
� c � d� c � h

� c2 � � c1

h � fcd
=

R� c2

� c1

� c
fcd

� d� c

� c2 � � c1

AntÐstoiqa gia to Ôyoc tou shmeÐou efarmog c thc �liptik c dÔnamhc èqoume,

(a � b � h � fcd ) � h � � =
Z

A
� c � (h � y)dA ! � =

R
A

� c � (h � y)dA

a � b � h 2 � fcd
=

b � h
Rh

0
� c � (1 � y=h )dh

a � b � h 2 � fcd
=

Rh

0
� c � (1 � y=h )dh

a � h � fcd

�ètontac ìmwc

� c = � c1 +
y

h
� (� c2 � � c1)

prokÔptei,
y

h
=

� c � � c1

� c2 � � c1

dy =
d� c � h

� c2 � � c1

Sunep¸c,

� =

R� c2

� c1
� c � (1 � �c � �c 1

� c2 � �c 1 ) � d� c � h
� c2 � � c1

a � h � fcd
=

R� c2

� c1

� c
fcd � (1 � �c � �c 1

� c2 � �c 1 � d� c)

a � (� c2 � � c1)

DiakrÐnontac peript¸seic,

An � c1 < 0 kai � c2 < 0

a = 0

� = 0

An � c1 < 0 kai � c2 > 0

a =

R� c2

0
� c
fcd

� d� c

� c2

� =

R� c2

0
� c
fcd � (1 � � c

� c2
� d� c)

a � � c2
=

R� c2

0
� c
fcd � (� c2 � � c) � d� c

a � � 2
c2

= 1 �

R� c2

0
� c
fcd � � c � d� c

a � � 2
c2
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

An � c1 > 0 kai � c2 > 0

a =

R� c2

� c1

� c
fcd

� d� c

� c2 � � c1
=

R� c2

0
� c
fcd

� d� c �
R� c1

0
� c
fcd

� d� c

� c2 � � c1

� =

R� c2

� c1

� c
fcd � (1 � � c � � c1

� c2 � �c 1 � d� c)

a � (� c2 � � c1)
=

R� c2

� c1

� c
fcd � � c2 � � c

� c2 � �c 1 � d� c

a � (� c2 � � c1)
=

R� c2

� c1

� c
fcd � (� c2 � � c) � d� c

a � (� c2 � � c1)2

� c2

� c2 � � c1
+

R� c1

0
� c
fcd � � c � d� c �

R� c2

0
� c
fcd � � c � d� c

a � (� c2 � � c1)2

Sunep¸c ta oloklhr¸mata pou �a prèpei na upologisjoÔn gia na kalÔyoume ìlec tic

peript¸seic eÐnai, Z � c2

0

� c

fcd
� d� c

kai Z � c2

0

� c

fcd
� � c � d� c

An � c < � cy

Z � c2

0

� c

fcd
� d� c =

Z � c2

0
(1 � (1 �

� c

� cy
)n � d� c =

Z � c2

0
(1 �

(� cy � � c)n

� n
cy

) � d� c =

[� c +
(� cy � � c)n+1

(n + 1) � � n
cy

i � c2

0
= � c2 +

(� cy � � c2)n+1

(n + 1) � � n
cy

�
� n+1

cy

(n + 1) � � n
cy

Gia kathgorÐa skurodèmatoc � C50=60

Z � c2

0

� c

fcd
� d� c = � c2 +

(2 � � c2)3

3 � 22
�

2

3
=

12 � � c2 + 23 � 3 � 22 � � c2 + 3 � 2 � � 2
c2 � � 3

c2 � 8

12
=

� 2
c2 � (6 � � c2)

12

Gia thn epal jeush tou parapˆnw tÔpou

a =

R� c2

0
� c
fcd

� d� c

� c2
=

� 2
c2 � (6� � c2 )

12

� c2
=

� c2 � (6 � � c2)
12

ìpwc prokÔptei kai sto tupolìgio tou E.M.P.

Gia to deÔtero gÐnetai olokl rwsh me oloklhrwtikoÔc parˆgontec

Z � c2

0

� c

fcd
� � c � d� c =

Z � c2

0
(� c +

(� cy � � c)n+1

(n + 1) � � n
cy

)0 � � c � d� c =

[(� c +
(� cy � � c)n+1

(n + 1) � � n
cy

) � � c

i � c2

0
�

Z � c2

0
(� c +

(� cy � � c)n+1

(n + 1) � � n
cy

) � � 0
c � d� c =

� 2
c2 +

(� cy � � c2)n+1

(n + 1) � � n
cy

� � c2 � [
� 2

c

2
�

(� cy � � c)n+2

(n + 2) � (n + 1) � � n
cy

i � c2

0
=
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3.3 Suntelestèc pl rwshc kai shmeÐou efarmog c thc �liptik c dÔnamhc

� 2
c2 +

(� cy � � c2)n+1

(n + 1) � � n
cy

� � c2 �
� 2

c2

2
+

(� cy � � c2)n+2

(n + 2) � (n + 1) � � n
cy

�
(� cy )2

(n + 2) � (n + 1)

Gia kathgorÐa skurodèmatoc � C50=60

Z � c2

0

� c

fcd
� � c � d� c = � 2

c2 +
(2 � � c2)3

3 � 22
� � c2 �

� 2
c2

2
+

(2 � � c2)4

4 � 3 � 22
�

22

4 � 3
=

� 3 � � 4
c2 + 16 � � 3

c2

48

Sunep¸c gia thn epal jeush tou parapˆnw tÔpou,

� = 1 �

R� c2

0
� c
fcd � � c � d� c

a � � 2
c2

=

1 �
� 3� � 4

c2+16 � � 3
c2

48

� c2 � (6 � � c2)=12 � � 2
c2

= 1 �
� 3 � �c 2 + 16

4 � (6 � � c2)
=

24 � 4 � � c2 + 3 � � c2 � 16

4 � (6 � � c2)
=

8 � � c2

4 � (6 � � c2)

ìpwc prokÔptei kai sto tupolìgio tou E.M.P.

An � c > � cy

Z � c2

0

� c

fcd
� d� c =

Z � cy

0

� c

fcd
� d� c +

Z � c2

� cy

� c

fcd
� d� c =

� 2
cy � (6 � � cy )

12
+ (� c2 � � cy )

Gia skurìdema � C50=60

Z � c2

0

� c

fcd
� d� c =

22 � 4

12
+ � c2 � 2 =

4 + 3 � � c2 � 6

3
=

3 � � c2 � 2

3

Gia epal jeush

a =

R� c2

0
� c
fcd

� d� c

� c2
=

3� � c2 � 2
3

� c2
=

3 � � c2 � 2

3 � � c2

AntistoÐqwc,

Z � c2

0

� c

fcd
� � c2 � d� c =

Z � cy

0

� c

fcd
� � c � d� c +

Z � c

� cy

� c

fcd
� � c2 � d� c =

� 3 � � 4
cy + 16 � � 3

cy

48
+

� 2
c2

2
�

� 2
cy

2

Gia skurìdema � C50=60

Z � c2

0

� c

fcd
� � c � d� c =

� 3 � 24 + 16 � 23

48
+

� 2
c2

2
�

22

2
=

24 � � 2
c2 � 16

48

Gia epal jeush

� = 1 �

R� c2

0
� c
fcd � � c � d� c

a � � 2
c2

=
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1�
(24 � � 2

c2 � 16 )=48

(3 � � c2 � 2)=(3 � � c2) � � 2
c2

= 1�
(3 � � 2

c2 � 2) � 3

6 � (3 � � c2 � 2) � � c2
=

18 � � 2
c2 � 12 � � c2 � 9 � � 2

c2 + 6

6 � (3 � � c2 � 2) � � c2
=

9 � � 2
c2 � 12 � � c2 + 6

6 � (3 � � c2 � 2) � � c2
=

� c2 � (3 � � c2 � 4) + 2

2 � � c2 � (3 � � c2 � 2)

ìpwc prokÔptei kai sto tupolìgio tou E.M.P.

3.4 BasikoÐ algìrijmoi

Se autì to shmeÐo �a parousiastoÔn dÔo �asikoÐ algìrijmoi pou qrhsimopoi jhkan

stouc k¸dikec gia thn dhmiourgÐa twn diagrammˆtwn sqediasmoÔ.

Gia thn lÔsh twn mh grammik¸n exis¸sewn (exis¸sewn isodunamÐac) qrhsimopoieÐtai h mèjo-

doc thc diqotìmhshc [5].

3.4.1 EÔresh kampulìthtac gia dedomènh axonik  se OKA

Mia arijmhtik  diadikasÐa pou prèpei na epishmanjeÐ eÐnai h eÔresh thc kampulìth-

tac astoqÐac gia dedomènh axonik .

An prìkeitai gia perÐptwsh proèqousac kˆmyhc me aplì oplismì, h kampulìthta asto-

qÐac mporeÐ na upologisteÐ apeujeÐac me qr sh twn analutik¸n sqèsewn ìpwc ekfrˆzontai

sthn parˆgrafo (3.6).

Gia thn perÐptwsh pou upˆrqei diplìc oplismìc   den prìkeitai gia perÐptwsh proèqou-

sac kˆmyhc o upologismìc thc paramorfwsiak c katˆstashc mporeÐ na gÐnei mìno mèsw

epanalhptik c diadikasÐac.

Sugkekrimèna, gia kˆje perÐptwsh � kai d1=h

ˆ Upologismìc oriak¸n anhgmènwn axonik¸n gia tic perioqèc 1,2 kai 3. Oi oriakèc

anhgmènec axonikèc �aÐnontai sto sq ma 3.2,

1. � s1 = � su kai � s2 = � sy

2. � s1 = � su kai � c2 = � cu

3. � c1 = 0 kai � c2 = � cu

4. � c1 = � cy kai � c2 = � cy

ˆ H axonik  eÐnai gnhsÐwc aÔxousa apì thn diatom  1 èwc thn diatom  4. Gia dedomènh

anhgmènh axonik  mporeÐ na kajoristeÐ h perioq  astoqÐac.

ˆ JewreÐtai metablht  h kampulìthta kai qrhsimopoioÔntai oi sqèseic thc paragrˆfou

(3.2) Me thn mèjodo thc diqotìmhshc upologÐzetai me krit rio thn axonik  h kampu-

lìthta astoqÐac thc diatom c.

48



3.4.2 EÔresh anhgmènwn paramorf¸sewn gia dedomènh axonik  kai kampulìthta

Sq ma 3.2: Peript¸seic 1-4 OKA

3.4.2 EÔresh anhgmènwn paramorf¸sewn gia dedomènh axonik  kai kampu-

lìthta

EÐnai profanèc ìti gia dedomènh kampulìthta h axonik  eÐnai gnhsÐwc aÔxousa thc a-

nhgmènhc paramìrfwshc thc opoiasd pote Ðnac sthn diatom . Me metablht  thn anhgmènh

paramìrfwsh kˆpoiac Ðnac sthn diatom  kai krit rio thn axonik  upologÐzetai mèsw thc

mejìdou thc diqotìmhshc oi anhgmènec paramorf¸seic thc diatom c.

3.5 Diagrˆmmata tˆsewn-paramorf¸sewn 2 skurodèmatoc

Me qr sh twn sqèsewn ìpwc perigrˆfontai sthn parˆgrafo 2.2.1 prokÔptoun ta ex c

trisdiˆstata diagrˆmmata tˆsewn paramorf¸sewn.
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

Sq ma 3.3: Diagrˆmmata tˆsewn paramorf¸sewn 2, poiìthta skurodèmatoc � C50=60

'Opwc �aÐnetai sto sq ma 3.3 ìso mikrìterh eÐnai h puknìthta tou skurodèmatoc tìso pio

yajurˆ leitourgeÐ. H diaforˆ sthn paramìrfwsh astoqÐac �a odhg sei se diaforèc sthn a-

ntoq  twn diatom¸n. Bèbaia, den upˆrqei diaforˆ stic mikrìterec anhgmènec paramorf¸seic

sunep¸c den lambˆnontai oi peript¸seic pou oi diatomèc astoqoÔn lìgw mh grammikìthtac

gewmetrÐac (lugismìc).

3.6 Plˆkec-dokoÐ

3.6.1 Sqediasmìc orjogwnik c diatom c upì proèqousa kˆmyh

Ta diagrˆmmata autˆ qrhsimopoioÔntai gia ton upologismì tou oplismoÔ gia diato-

mèc plak¸n kai dok¸n upì proèqousa kˆmyh. Dedomènou ìti se mia tupik  kataskeu  oi

plˆkec kai oi dokoÐ sqediˆzontai apokleistikˆ se èntash kˆmyhc ta diagrˆmmata parou-

siˆzoun kai tic diaforèc oplismoÔ se dokoÔc-plˆkec apì SKB kai ESEA.

H anˆgkh dhmiourgÐac aut¸n twn diagrammˆtwn ofeÐletai sthn meÐwsh thc paramìrfw-

shc astoqÐac gia mikrìterec puknìthtec skurodèmatoc. Dedomènou ìti o qˆlubac diarrèei

Fs = As � fyd , (apaÐthsh katˆ thn dhmiourgÐa twn diagrammˆtwn kai thn topojèthsh opli-

smoÔ) h metabol  tou apaitoÔmenou oplismoÔ gia kˆje perÐptwsh puknìthtac �a ofeÐletai

ston moqlobraqÐona twn dunˆmewn.
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3.6.1 Sqediasmìc orjogwnik c diatom c upì proèqousa kˆmyh

Sq ma 3.4: PerÐptwsh proèqousac kˆmyhc

Exis¸seic isodunamÐac

Me qr sh twn exis¸sewn isodunamÐac [1]

Nd = Fc + Fs1 + (Fs2) = fcd � (a � x ) � b � As1 � fyd + As2 � fyd

Msd = Fc � z + (Fs2 � (d � d1)) = fcd � (a � x ) � b � (d � � � x ) + (As2 � fyd � (d � d1))

Diair¸ntac thn axonik  kai thn �op  me b � d � fcd kai b � d 2 � fcd antÐstoiqa gia na gÐnoun

adiˆstata èqoume,

� d =
Nd

b � d � fcd
=

fcd � (a � x ) � b � As1 � fyd + (As2 � fyd )
b � d � fcd

=

a �
x

d
� ! 1 + (! 2) = +a � � � ! 1 + (! 2)

� sd =
Nd

b � d 2 � fcd
=

fcd � (a � x ) � b � (d � � � x ) + (As2 � fyd � (d � d1))
b � d 2 � fcd

=

a �
x

d
� (1 � � �

x

d
) + (! 2 � (1 � d1=d )) = a � � � (1 � � � � ) + (! 2 � (1 � d1=d ))

ìpou, � = x=d to anhgmèno Ôyoc thc �libìmenhc 
¸nhc

! i =
Asi � fyd

b � d � fyd

to mhqanikì posostì oplismoÔ

H anhgmènh �op  grˆfetai epÐshc wc,

� sd = a � (1 � z)=� � z + ! 2 � (1 � d1=d )

ìpou z = 1 � � � �
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PerÐptwsh aploÔ oplismoÔ

� sd = a � (1 � z)=� � z = 0 ! a=� � z2 � a=� � z + � sd = 0 ! z2 � z + � sd � �=a = 0 !

z =
1 �

p
12 � 4 � � sd � �=a

2 � 1
= 0:5 �

p
1 � 4 � � sd � �=a

2

Exis¸nontac thn anhgmènh �op  me to mhdèn prokÔptei deuterobˆjmia exÐswsh. LÔnontac

prokÔptoun dÔo lÔseic. H mÐa lÔsh antiproswpeÔei ton moqlobraqÐona gia �libìmenh 
¸nh

tètoia ¸ste h dÔnamh tou skurodèmatoc na eÐnai kˆtw apì ton oplismì. Autì ofeÐletai

sto gegonìc ìti sthn exÐswsh den upˆrqei ìrio sthn tim  tou � < 1. H ˆllh lÔsh pou mac

endiafèrei eÐnai moqlobraqÐonac gia �libìmenh 
¸nh tètoia ¸ste h dÔnamh tou skurodèmatoc

eÐnai pˆnw apì ton oplismì. Se aut n thn perÐptwsh èqoume x mikrìterh ! � mikrìterh

! z megalÔterh. Sunep¸c epilègoume thn mègisth tim  apì tic lÔseic twn dÔo exis¸sewn.

Sunep¸c gia dedomèno � sd ,

� d = � a � � + ! 1 !
As1 � fyd

b � d � fcd
= a � � + � d ! As1 = (a � � ) � b � d �

fcd

fyd
+

Nd

fyd

Gia kajar  kˆmyh(N=0) èqoume,

! 1 = a � �

Sunep¸c h prohgoÔmenh exÐswsh mporeÐ na grafteÐ,

As1 = ! 1 � b � d �
fcd

fyd
+

Nd

fyd

opoÔ ! 1 eÐnai to apaitoÔmeno mhqanikì posostì oplismoÔ gia kajar  kˆmyh

Gia na isqÔei �èbaia h upìjesh ìti o efelkuìmenoc oplismìc diarrèei prèpei,

� s1 � � sy ! � � � lim =
� cu

� s1 + � cu
! � sd < a � � lim � (1 � � � � lim )

PerÐptwsh �libìmenou oplismoÔ

TopojeteÐtai isìposa �libìmenoc kai efelkuìmenoc oplismìc ètsi ¸ste na perioristeÐ

to � lim pou èqei perioristeÐ. 'Etsi,

! 2 =
� sd � � lim

1 � d2=d
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3.6.1 Sqediasmìc orjogwnik c diatom c upì proèqousa kˆmyh

Gia kˆje perÐptwsh �, � sd

Upologismìc tou suntelest  pl rwshc, kèntrou �ˆrouc

Upologismìc tou moqlobraqÐona z = 0:5 +
p

1� 4� � sd � �=a
2

� = 1� z
�

! 1 = a � �

Tèloc

Sq ma 3.5: Diˆgramma �o c gia oplismì proèqousac kˆmyhc
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

ProkÔpton diˆgramma

Sq ma 3.6: Diagrˆmmata aploÔ oplismoÔ, qˆlubac qwrÐc krˆtunsh, parabolikì diˆgramma
tˆsewn-paramorf¸sewn, fyk = 500 MPa, � C50=60
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3.6.1 Sqediasmìc orjogwnik c diatom c upì proèqousa kˆmyh

FaÐnetai na upˆrqei amelhtèa diaforˆ sto apaitoÔmeno mhqanikì posostì oplismoÔ gia

apl  kˆmyh. H epirro  thc paramìrfwshc astoqÐac tou skurodèmatoc sthn metabol  tou

moqlobraqÐona eÐnai mikr . Bèbaia prèpei na shmeiwjeÐ ìti me thn meÐwsh thc puknìthtac

mei¸netai h oriak  �op  gia thn opoÐa o oplismìc èqei mìlic diarreÔsei ìpwc �aÐnetai sto

sq ma 3.6 . Sunep¸c h puknìthta tou skurodèmatoc den ephreˆzei to apaitoÔmeno mhqanikì

posostì oplismoÔ allˆ tic oriakèc �opèc pou mporoÔn na anaptuqjoÔn sthn diatom  gia mh

apaÐthsh �libìmenou oplismoÔ kai gia plastik  anˆlush( � < 0:45 ). Oi diaforèc �aÐnontai

kalÔtera sto sq ma 3.7.

Sq ma 3.7: Metabol  thc oriak c �op c �ˆsh puknìthtac, � su = 1 gia thn perÐptwsh
� = 0:45 , qwrÐc krˆtunsh, parabolikì diˆgramma tˆsewn-paramorf¸sewn, fyk = 500 MPa,
poiìthta skurodèmatoc � C50=60

SÔgkrish tim¸n me �ibliografÐac

Gia thn sÔgkrish �a qrhsimopoihjoÔn oi pÐnakec tou ergasthrÐou oplismènou skuro-

dèmatoc tou EMP.
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

(aþ)ProkÔpton pÐnakac

(�þ) PÐnakac tou ergasthrÐou W.S. tou EMP

Sq ma 3.8: SÔgkrish me �ibliografÐa, pÐnakec aploÔ oplismoÔ

Oi diaforèc twn dÔo pinˆkwn eÐnai amelhtèec.

3.6.2 Sqediasmìc plakodok¸n upì proèqousa kˆmyh

Stic perissìterec peript¸seic oi dokoÐ den leitourgoÔn san orjogwnikèc diatomèc kai

leitourgoÔn san plakodokoÔc. Gia �etikèc �opèc oi dokoÐ sunergˆzontai me tic diplanèc

plˆkec odhg¸ntac se aÔxhsh tou plˆtouc thc �libìmenhc perioq c. Aut  h aÔxhsh tou

plˆtouc odhgeÐ se aÔxhsh tou moqlobraqÐona kai meÐwsh tou apaitoÔmenou oplismoÔ.

H kÔria diaforˆ me thn perÐptwsh orjogwnik¸n diatom¸n eÐnai h ex c. Gia �opèc mega-

lÔterec miac sugkekrimènhc tim c h �libìmenh 
¸nh eisèrqetai ston kormì kai o �ujmìc

meÐwshc tou moqlobraqÐona auxˆnetai. 'Opwc stic orjogwnikèc diatomèc eÐnai anamenìmeno

ìti �a metablhjoÔn oi oriakèc timèc, pèran autoÔ diereunˆtai an sthn perÐptwsh aut , h

metabol  tou moqlobraqÐona �a odhg sei se diaforèc sto apaitoÔmeno mhqanikì posostì

oplismoÔ.
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3.6.2 Sqediasmìc plakodok¸n upì proèqousa kˆmyh

Exis¸seic isodunamÐac

Sq ma 3.9: Dunˆmeic se plakodokì upì proèqousa kˆmyh

Me afaÐresh grammoskiasmènou embadìntoc,

Nd = Fc1 + (� Fc3) � Fs1 = + fcd � (a1 � x ) � b � (fcd � (a3 � (x � h f )) � b) � As1 � fyd

Msd = Fc1 � z1+(� Fc3 � z2) = (a � x )� b � fcd � (d � � 1 � x )+(� fcd � (a3 � (x � h f ))� b � (d � h f � � 3 � (d � h f ))

Diair¸ntac thn axonik  kai thn �op  me b � d � fcd kai b � d 2 � fcd antÐstoiqa gia na gÐnoun

adiˆstata,

� d =
Nd

b � d � fcd
= � a2 � � + (1 �

bw

beff
) � a3 � (� �

h f

d
) + ! 1

� d =
Md

b � d 2 � fcd
= a2 � � � (1 � � � � ) � (1 �

bw

beff
) � a3 � (� �

h f

d
) � (1 �

h f

d
� � 3 � (� �

h f

d
)

Gia thn perÐptwsh proentetamènwn dok¸n o upologismìc thc antoq c pragmatopoieÐtai

mèsw tou moqlobraqÐona, ìpou o moqlobraqÐonac eÐnai,

z =
m

nc

Gia kˆje perÐptwsh � sd

Upologismìc thc kampulìthtac astoqÐac �ˆsh thc paragrˆfou 3.4.1

Upologismìc tou mhqanikoÔ posostoÔ oplismoÔ   moqlobraqÐona

Tèloc

Sq ma 3.10: Diˆgramma �o c gia diagrˆmmata plakodok¸n

57



Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

ProkÔptonta diagrˆmmata

(aþ)Diˆgramma m-w, � su = 1

(�þ) Diˆgramma m-z, � su = 10 o=oo

Sq ma 3.11: Diˆgramma oplismoÔ plakodok¸n, parabolikì diˆgramma tˆsewn-
paramorf¸sewn, poiìthta skurodèmatoc � C50=60

AntÐstoiqa me tic aplˆ oplismènec orjogwnikèc dokoÔc oi oriakèc timèc eÐnai,
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3.6.3 Antoq  dok¸n gia thn perÐptwsh �libìmenou oplismoÔ

Sq ma 3.12: Metabol  thc oriak c �op c �ˆsh puknìthtac, h f =d = 0:05 , � s1 = 0:00217
qwrÐc krˆtunsh, parabolikì diˆgramma tˆsewn-paramorf¸sewn, fyk = 500 MPa, poiìthta
skurodèmatoc � C50=60

'Opwc �ˆnhke kai sta diagrˆmmata oplismoÔ gia aplì oplismì oi diaforèc eÐnai ame-

lhtèec kai �aÐnontai elˆqista kontˆ stic oriakèc �opèc. Diaforèc prokÔptoun sthn oriak 

�op  gia diarro  tou oplismoÔ, ìpwc kai sta diagrˆmmata orjogwnik c diatom c.

SÔgkrish me timèc �ibliografÐac

Ta apotelèsmata sugkrÐjhkan me ta antÐstoiqa tou tupologÐou tou EMP kai oi diaforèc

eÐnai amelhtèec.

(aþ)ProkÔpton pÐnakac (�þ) PÐnakac tou ergasthrÐou W.S. tou EMP

Sq ma 3.13: SÔgkrish me �ibliografÐa, pÐnakec plakodok¸n, h f =d = 0:05

3.6.3 Antoq  dok¸n gia thn perÐptwsh �libìmenou oplismoÔ

Se ìlec tic dokoÔc upˆrqei kai �libìmenoc oplismìc. Ja diereunhjeÐ pia h epirro 

thc puknìthtac tou skurodèmatoc gia peript¸seic pou upˆrqei kai �libìmenoc oplismìc

sthn diatom . Sugkekrimèna, parˆmetroi �a eÐnai o lìgoc embad¸n tou qˆluba As2
As1

kai to
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

mhqanikì posostì oplismoÔ ! .

Exis¸seic isodunamÐac

Sq ma 3.14: PerÐptwsh dokoÔ

Gia d 1
h = d2

h = d 0

h kai ! 2
! 1

� d = a � � + ! 1 � (
� s1

fyd
+

! 2

! 1
�

� s2

fyd
)

� d = a � � � (0:5 � � � � ) � ! 1 � (
� s1

fyd
�

! 2

! 1
�

� s2

fyd
) � (0:5 �

d1

h
)

Gia kˆje perÐptwsh �, w, As2
As1

Upologismìc thc kampulìthtac astoqÐac gia n=0 �ˆsh tou 3.4.1

Upologismìc thc �op c astoqÐac

Tèloc

Sq ma 3.15: Diˆgramma �o c gia diagrammˆta antoq c dokoÔ
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3.7 Upostul¸mata

ProkÔpton diˆgramma

Sq ma 3.16: Diˆgramma antoq c dokoÔ gia d1
h = 0:05 , � su = 67 :5o=oo, parabolikì diˆgramma

tˆsewn-paramorf¸sewn, poiìthta skurodèmatoc � C50=60

Den parathroÔntai diaforèc parˆ mìno sthn anˆptuxh thc oriak c �op c. To Ðdio su-

mpèrasma pou exˆqjhke kai stic peript¸seic aploÔ oplismoÔ. Bèbaia oi amelhtèec diaforèc

sthn antoq  eÐnai shmantikì sumpèrasma kaj¸c epibebai¸nei ìti se orizìntia stoiqeÐa h anto-

q  den metabˆlletai lìgw thc puknìthtac.

H epal jeush twn diagrammˆtwn ègine sugkrÐnontac ta diagrˆmmata me ! 2
! 1

= 0 me autˆ

tou aploÔ oplismoÔ orjogwnik c diatom c.

3.7 Upostul¸mata

3.7.1 Diagrˆmmata allhlepÐdrashc se monaxonik  kˆmyh

QrhsimopoioÔntai gia thn ìplish orjwgwnik¸n diatom¸n upì monoaxonik  kˆmyh kai

axonik  dÔnamh. Lambˆnontac upìyin ìti sta upostul¸mata upˆrqei diaxonik  kˆmyh

gia seismì kai gia statikˆ �ortÐa eÐnai pio swst  h qr sh twn diagrammˆtwn diaxonik c

kˆmyhc pou �a parousiastoÔn sthn sunèqeia.
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

Exis¸seic isodunamÐac

Sq ma 3.17: Dunˆmeic se orjogwnik  diatom  diploÔ oplismoÔ

Gia tic oriakèc katastˆseic astoqÐac,

Nsd = (a � x ) � b � h � fcd � As1 � � s1 + As2 � � c2

Msd = (a � x ) � b � h � fcd � (h=2 � � � x ) � As1 � � s1 � (h=2 � d1) + As2 � � c2 � (h=2 � d2)

Diair¸ntac thn axonik  kai thn �op  me b � d � fcd kai b � d 2 � fcd antÐstoiqa gia na gÐnoun

adiˆstata,

� d = a � � + ! 1 �
� s1

fyd
+ ! 2 �

� s2

fyd

� d = a � � � (0:5 � � � � ) � ! 1 �
� s1

fyd
� (0:5 �

d1

h
) + ! 2 �

� s2

fyd
� (0:5 �

d2

h
)

Gia thn perÐptwsh ! 1 = ! 2 = 0:5 � ! kai d1
h = d2

h = d 0

h

� d = a � � + 0:5 � ! � (
� s1

fyd
+

� s2

fyd
)

� d = a � � � (0:5 � � � � ) + 0:5 � ! � (0:5 �
d 0

h
) � (�

� s1

fyd
+

� s2

fyd
)

Sthn perÐptwsh pou upˆrqoun pollaploÐ oplismoÐ oi parapˆnw sqèseic metabˆllontai kai

gÐnontai,

� d = a � � +
!

ns
�

nsX

i=1

� si

fyd

� d = a � � � (0:5 � � � � ) +
!

ns
�

nsX

i=1

� si

fyd
�

xsi

h

ìpou xsi h apìstash tou oplismoÔ apì thn plèon �libìmenh Ðna tou skurodèmatoc.
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3.7.1 Diagrˆmmata allhlepÐdrashc se monaxonik  kˆmyh

Gia kˆje perÐptwsh kampulìthtac, �, w

Upologismìc twn anhgmènwn paramorf¸sewn gia OKA �ˆsh thc paragrˆfou 3.2

Upologismìc twn anhgmènwn entˆsewn �ˆsh twn exis¸sewn isodunamÐac

Tèloc

Sq ma 3.18: Diˆgramma �o c gia diagrˆmmata allhlepÐdrashc
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

ProkÔptonta diagrˆmmata

(aþ)ProkÔpton diˆgramma

(�þ) Diˆgramma allhlepÐdrashc apì ergast rio W.S. tou EMP

Sq ma 3.19: Diagrˆmmata allhlepÐdrashc, d1
h = 0:15 , � su = 67 :5o=oo, As1 = As2 , paraboli-

kì diˆgramma tˆsewn-paramorf¸sewn, fuk = 500 MPa, poiìthta skurodèmatoc � C50=60
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3.7.1 Diagrˆmmata allhlepÐdrashc se monaxonik  kˆmyh

(aþ)d1=h = 0:05

(�þ) d1=h = 0:15

Sq ma 3.20: Diagrˆmmata allhlepÐdrashc, omoiìmorfh katanom  oplismoÔ, � su = 67 :5o=oo,
parabolikì diˆgramma tˆsewn-paramorf¸sewn, � C50=60
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

'Oso auxˆnetai o lìgoc d1=h tìso megalÔterec eÐnai oi diaforèc lìgw thc puknìthtac.

Praktikèc diaforèc ston sqediasmì parousiˆzontai gia d1=h � 0:15 . To gegonìc ìti upˆrqei

kai �libìmenoc oplismìc shmaÐnei ìti gia metabol  thc anhgmènhc paramìrfwshc astoqÐac

metabˆllontai kai oi dunˆmeic pou oplismoÔ.

Gia na �aneÐ h praktik  shmasÐa aut¸n twn diagrammˆtwn.

N(KN ) ESEA � = 1400 kg=m 3 ESEA � = 1800 kg=m 3 SKB

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

PÐnakac 3.1: M(KN) gia thn perÐptwsh upostul¸matoc me diastˆseic 35cm � 35cm, 4 gwniakˆ
sÐdera, � s = 1%, poiìthta skurodèmatoc C20=25 , acc = 0:85 kai epikˆluyh db = dh = 5cm.

N(KN ) ESEA � = 1400 kg=m 3 ESEA � = 1800 kg=m 3 SKB

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

PÐnakac 3.2: M(KN) gia thn perÐptwsh upostul¸matoc me diastˆseic 35cm � 35cm, omoiìmor-
�h katanom  oplismoÔ, � s = 1%, poiìthta skurodèmatoc C20=25 , acc = 0:85 kai epikˆluyh
db = dh = 5cm.

Oi diaforèc se mia dusmen c perÐptwsh poiìthtac-epikˆluyhc eÐnai katˆ mègisto thc

tˆxhc tou 10% gia thn perÐptwsh twn 4 gwniak¸n kai tic tˆxhc tou 15% sthn perÐptwsh tou

omoiìmorfou oplismoÔ. Sthn perÐptwsh tou omoiìmorfou oplismoÔ upˆrqoun diaforèc

sto megalÔtero eÔroc twn tim¸n. Sunep¸c �aÐnetai ìti h meÐwsh thc anhgmènhc paramor-

�¸sewc astoqÐac odhgeÐ se mei¸seic stic mègistec �opèc astoqÐac kai h Ôparxh endiˆmesou

oplismoÔ odhgeÐ se megalÔterec posostiaÐec metabolèc se megalÔtero eÔroc tim¸n.

3.7.2 Diagrˆmmata allhlepÐdrashc se diaxonik  kˆmyh

Me thn aÔxhsh tou endiˆmesou oplismoÔ metabˆlletai h epirro  thc puknìthtac stic a-

naptussìmenec �opèc astoqÐac gia tautìqronh axonik  kai kˆmyh. Aut  h epirro  auxˆne-

tai endeqomènwc sthn perÐptwsh thc diaxonik c kˆmyhc pou gia diˆforec gwnÐec strof c

metabˆlletai to posostì tou endiˆmesou oplismoÔ.

Exis¸seic isodunamÐac

Akolouj¸ntac tic oriakèc katastˆseic astoqÐac gia tuqaÐa strof  � prokÔptei to ex c

sq ma,
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3.7.2 Diagrˆmmata allhlepÐdrashc se diaxonik  kˆmyh

Sq ma 3.21: Paramorf¸seic gia diaxonik  kˆmyh

Sunep¸c gia tuqaÐo � kai ,

L =
b

cos(� )
=

h

sin(� )

Katˆ Ôyoc �a isqÔei,

� = f (�; y 0)

Pou anˆloga me thn perioq  OKA �a eÐnai,

� = � cu + � � (L � y0)

� = � su � � � y0

� = � cy + � � (
� cy

� cu
� L � y0)

Dedomènou ìti y0 = x � cos(� ) + y � sin(� ), gia kˆje shmeÐo,

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

� c;i = f (� i )

QwrÐzontac thn diatom  se kˆnnabo nb � nh

Gia to skurìdema,

Ac;i =
b

nb
�

h

nh

dFc;i = � c;i � Ac;i

Fc =
nb � nhX

i=1

dFc;i
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

MFc;x =
nb � nhX

i=1

y i � dFc;i

MFc;y =
nb � nhX

i=1

xi � dFc;i

Gia ton qˆluba
� s;i

fyd
= f (� dA )

dFs = � s � As

Fs =
nsX

i=1

dFs;i

MFs;x =
nsX

i=1

y � dFs;i

MFs;y =
nsX

i=1

x � dFs;i

An ekfrastoÔn adiˆstata oi eswterikèc entˆseic,

Gia to skurìdema,

� c =

P nb � nh
i=1 dFc;i

b � h � fcd
=

P nb � nh
i=1

b
nb

� h
nh

� � c;i

b � h � fcd
=

nb � nhX

i=1

1

nb � nh
�

� c;i

fcd

� c;x =

P nb � nh
i=1 y i � dFc;i

b � h 2 � fcd
=

P nb � nh
i=1 y i � b

nb
� h

nh
� � c;i

b � h 2 � fcd
=

nb � nhX

i=1

y i

h
�

1

nb � nh
�

� c;i

fcd

� c;y =

P nb � nh
i=1 xi � dFc;i

b2 � h � fcd
=

P nb � nh
i=1 xi � b

nb
� h

nh
� � c;i

b2 � h � fcd
=

nb � nhX

i=1

xi

b
�

1

nb � nh
�

� c;i

fcd

Gia ton qˆluba,

� s =

P ns
i=1 dFs;i

b � h � fcd
=

P ns
i=1 As � � s;i

b � h � fcd
=

nsX

i=1

! i �
� s;i

fyd

� s;x =

P ns
i=1 y i � dFc;i

b � h 2 � fcd
=

nsX

i=1

y i

h
� ! i �

� s;i

fyd

� s;y =

P ns
i=1 xi � dFc;i

b2 � h � fcd
=

nsX

i=1

xi

h
� ! i �

� s;i

fyd

AntÐstoiqa gia tic anhgmènec paramorf¸seic,

PerÐptwsh 1,

� = � cu + � � (L � x � cos(� ) + y � sin(� )) = � cu +
� c1 � � c2

L
� (L � (x � cos(� ) + y � sin(� ))) =

� cu + (� c1 � � c2) � (1 � (
x � cos(� )

L
+

y � sin(� )
L

)) = � cu + (� c1 � � c2) � (1 � (
x � cos(� )
b= cos(� )

+
y � sin(� )
h= sin(� )

) =

� cu + (� c1 � � c2) � (1 � (
x

b
� cos(� )2 +

y

h
� sin(� )2))
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3.7.2 Diagrˆmmata allhlepÐdrashc se diaxonik  kˆmyh

PerÐptwsh 2

� = � su � (� c1 � � c2 � (
x

b
� cos(� )2 +

y

h
� sin(� )2))

PerÐptwsh 3

� = � cy + (� c1 � � c2) � (
� cy

� cu
� (

x

b
� cos(� )2 +

y

h
� sin(� )2))

Gia kˆje perÐptwsh �, J, n, w

Upologismìc twn anhgmènwn paramorf¸sewn �ˆsh thc paragrˆfou 3.4.1

Upologismìc thc anhgmènhc �op c �ˆsh twn exis¸sewn isodunamÐac

Tèloc

Sq ma 3.22: Diˆgramma �o c gia dhmiourgÐa diagrammˆtwn diaxonik c kˆmyhc

Katanom  oplismoÔ

AntÐjeta apì ta diagrˆmmata me �op  katˆ thn mÐa dieÔjunsh èqei pia idiaÐterh sh-

masÐa kai h katanom  twn oplism¸n sthn diatom . Sunep¸c �a diereunhjeÐ h epirro  thc

katanom c twn oplism¸n sta prokÔptonta diagrˆmmata sqediasmoÔ.

Sto epìmeno diˆgramma lambˆnontai diˆforec peript¸seic oplismoÔ.
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

Sq ma 3.23: Diˆgramma diaxonik c kˆmyhc �ˆsh oplism¸n anˆ pleurˆ, db=b = dh =h =0.05,
� su = 67 :5o=oo, parabolikì diˆgramma tˆsewn-paramorf¸sewn, fuk = 500 MPa, poiìthta
skurodèmatoc � C50=60

Sunep¸c upˆrqoun shmantikèc diaforèc gia 4 sÐdera kai gia thn omoiìmorfh katanom 

oplismoÔ. Qreiˆzontai mìno dÔo diagrˆmmata, èna diˆgramma gia 4 gwniakˆ sÐdera kai èna

gia omoiìmorfh katanom  oplismoÔ.

ProkÔptonta diagrˆmmata

An lhfjeÐ mia perÐptwsh upostul¸matoc 50cm � 50cm me epikˆluyh db = dh = 5cm

prìkeitai gia db
b = dh

h = 0:10 . Gia anhgmènh axonik  anˆ 0.2
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3.7.2 Diagrˆmmata allhlepÐdrashc se diaxonik  kˆmyh

(aþ)4 gwniakˆ

(�þ) omoiìmorfh katanom  oplismoÔ

Sq ma 3.24: Diagrˆmmata diaxonik c kˆmyhc gia db
b = dh

h = 0:10 , � su = 67 :5o=oo, parabolikì
diˆgramma tˆsewn-paramorf¸sewn, fuk = 500 MPa, poiìthta skurodèmatoc � C50=60
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

ParathroÔntai aisjhtèc diaforèc gia tic treic peript¸seic puknìthtac. EÐnai ˆxio na

shmeiwjeÐ ìti gia thn perÐptwsh twn 4 gwniak¸n oplism¸n den parathroÔntai shmantikèc

diaforèc gia proèqousa kˆmyh èwc � = 0:4 en¸ gia omoiìmorfh katanom  oplismoÔ

parathroÔntai diaforèc gia ìlo to eÔroc twn anhgmènwn axonik¸n. Bèbaia, h epirro  thc

puknìthtac stic �opèc antoq c kajorÐzetai ìpwc kai sta diagrˆmmata allhlepÐdrashc apì

ton lìgo db
b = dh

h . H aÔxhsh tou lìgou db
b = dh

h odhgeÐ se megalÔterec diaforèc sthn antoq 

lìgw thc puknìthtac. ParathroÔntai diaforèc apì thn perÐptwsh pia d1
h = 0:05 eidikˆ

gia ton omoiìmorfo oplismì.

An lhfjeÐ h antÐstoiqh perÐptwsh me aut  sta diagrˆmmata monoaxonik c kˆmyhc

N(KN ) ESEA � = 1400 kg=m 3 ESEA � = 1800 kg=m 3 SKB

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

PÐnakac 3.3: Mx � My (KN ) gia thn perÐptwsh upostÔlwmatoc me diastˆseic 35cm � 35cm,
� = 45 � , 4 gwniakˆ sÐdera, � s = 1%, poiìthta skurodèmatoc C20=25 , acc = 0:85 kai
epikˆluyh db = dh = 5cm.

N(KN ) ESEA � = 1400 kg=m 3 ESEA � = 1800 kg=m 3 SKB

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

PÐnakac 3.4: M(KN) gia thn perÐptwsh upostÔlwmatoc me diastˆseic 35cm � 35cm, � = 45 � ,
omoiìmorfh katanom  oplismoÔ, � s = 1%, poiìthta skurodèmatoc C20=25 , acc = 0:85 kai
epikˆluyh db = dh = 5cm.

Oi diaforèc se mia dusmen c perÐptwsh poiìthtac-epikˆluyhc eÐnai katˆ mègisto thc

tˆxhc tou 20% sthn perÐptwsh twn 4 gwniak¸n kai thc tˆxhc tou 12% sthn perÐptwsh tou

omoiìmorfou oplismoÔ. Sthn perÐptwsh tou omoiìmorfou oplismoÔ upˆrqoun diaforèc

sto megalÔtero eÔroc twn tim¸n.

3.7.3 Diagrˆmmata lugismoÔ

Ja lhfjoÔn upìyin kai ta �ainìmena 2ac tˆxhc gia na exaqjoÔn sumperˆsmata gia

thn metabol  thc antoq c lìgw thc puknìthtac. Gia thn sÔgkrish twn puknot twn �a

qrhsimopoihjeÐ h mèjodoc tou prìtupou upostul¸matoc-onomastik c kampulìthtac ìpwc

perigrˆfetai sthn parˆgrafo 2.2.4.
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3.7.3 Diagrˆmmata lugismoÔ

Gia kˆje perÐptwsh �, w, l=h , n

Upologismìc twn paramof¸sewn astoqÐac �ˆsh tou (3.4.1)

Upologismìc twn �op¸n gia diakritopoihmènec kampulìthtec �ˆsh tou (3.4.2)

Upologismìc thc �op c antoq c ston ˆxona M gia kˆje perÐptwsh kampulìthtac �ˆsh tou (2.2.3)

Mègisth �op  antoq c

Tèloc

Sq ma 3.25: Diˆgramma �o c gia diagrˆmmata lugismoÔ
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Kefˆlaio 3. Sqediasmìc diatom¸n upì orjèc entˆseic

ProkÔptonta diagrˆmmata kai sÔgkrish me �ibliografÐac

(aþ) l
h = 10 (�þ) l

h = 20

(gþ) l
h = 30 (dþ) l

h = 40

(eþ)Diˆgramma tou ergasthrÐou W.S. tou EMP me l
h = 30

Sq ma 3.26: Diagrˆmmata lugismoÔ, d1
h = 0:15 � su = 67 :5o=oo, parabolikì diˆgramma

tˆsewn-paramorf¸sewn, fuk = 500 MPa, poiìthta skurodèmatoc � C50=60
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3.7.3 Diagrˆmmata lugismoÔ

Diaforèc parousiˆzontai praktikˆ gia d1=h � 0:15 kai autèc ofeÐlontai se astoqÐa tou

ulikoÔ. Gia mikrìterec tˆseic to diˆgramma 2 tou EC2 den parousiˆzei diaforèc sto SKB

kai sto ES. Autì eÐnai ektìc pragmatikìthtac epeid  to metrì elastikìthtac tou ES eÐnai

mikrìtero apì autì tou SKB kai �a èprepe na lambˆnetai upìyin sto diˆgramma 2, afoÔ

autì to diˆgramma qrhsimopoieÐtai gia ton èlegqo tou lugismoÔ.

Gia thn perÐptwsh upostul¸matoc me diastˆseic 35cm � 35cm, 4 gwniakˆ sÐdera, � s =

1%, poiìthta skurodèmatoc C20=25 , acc = 0:85 kai epikˆluyh db = dh = 5cm anexˆrthta

apì thn lughrìthta parathreÐtai ìti den upˆrqoun diaforèc metaxÔ twn 3 puknot twn.
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Kefˆlaio 4

Plastimìthta diatom¸n

Me touc pio prìsfatouc kanonismoÔc dÐnetai h epilog  ston meletht  na sqediˆsei

�oreÐc me mikrìtero seismikì �ortÐo ìtan ikanopoieÐtai mia dedomènh plastimìthta ston

�orèa. Me autìn ton trìpo gia megalÔterouc seismoÔc apì autìn tou sqediasmoÔ dhmiour-

goÔntai 
hmièc qwrÐc na katarreÔsei o �orèac. Aut  h plastimìthta ikanopoieÐtai mèsw twn

kataskeuastik¸n diatˆxewn pou dÐnontai apì ton kanonismì allˆ kai apì thn plastimìth-

ta twn diatom¸n. Bˆsh tou suntelest  sumperiforˆc me ton opoÐo sqediˆzetai o �orèac

apaiteÐtai sugkekrimènh plastimìthta kampulìthtac diatom¸n [6].

Plastimìthta kampulìthtac orÐzetai wc ton lìgo,

� =
� u

� y

ìpou � u h kampulìthta katˆ katˆ thn astoqÐa kai � y h kampulìthta katˆ thn diarro .

Se orjogwnikèc diatomèc �a �ewrhjeÐ diarro  thc diatom c h diarro  tou efelkuìmenou

oplismoÔ. O lìgoc eÐnai h apìtomh meÐwsh thc efaptomènhc duskamyÐac amèswc metˆ thn

diarro  tou efelkuìmenou oplismoÔ.

Prèpei na epishmanjeÐ ìti gia thn qˆraxh twn diagrammˆtwn �a qrhsimopoihjeÐ to di-

ˆgramma tˆsewn paramorf¸sewn 2-perÐsfixhc tou skurodèmatoc pou qrhsimopoioÔntai

gia OKA.

4.1 Arijmhtikèc diadikasÐec

4.1.1 EÔresh kampulìthtac diarro c gia dedomènh axonik 

Katarq n �a prèpei na diapistwjeÐ an o oplismìc diarrèei h ìqi. Ja upologisjeÐ h

axonik  èstw � y gia paramìrfwsh diatom c � s1 = � � sy kai � c2 = � cu . Aut  h perÐptwsh

èntashc antistoiqeÐ se perÐptwsh astoqÐac. EÐnai profanèc �ˆsh thc paragrˆfou (3.4.1)

ìti an h axonik  eÐnai megalÔterh apì aut  thn perÐptwsh �a isqÔei � s1 > � � sy . Opìte

to an o qˆlubac diarrèei   ìqi se kˆpoia diatom  kajorÐzetai apì thn tim  thc anhgmènhc

axonik c se sqèsh me thn � y .

AfoÔ kajoristeÐ ìti diarrèei o qˆlubac anazhteÐtai h kampulìthta diarro c. Gia ton

skopì autì lambˆnetai � s1 = � sy kai me metablht  thn kampulìthta mèsw thc mejìdou thc

diqotìmhshc upologÐzetai h kampulìthta ètsi ¸ste � = � 0 .
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Kefˆlaio 4. Plastimìthta diatom¸n

4.1.2 Upologismìc anhgmènwn paramorf¸sewn dedomènhc thc entatik c

katˆstashc M kai N

QrhsimopoieÐtai dipl  diqotìmhsh gia thn eÔresh twn anhgmènwn paramorf¸sewn. Su-

gkekrimèna lambˆnontai dÔo ˆkra gia thn kampulìthta, mÐa gia thn diarro  kai mÐa kontˆ

sto mhdèn (gia na eÐnai diˆforo tou mhdenìc) kai me metablht  thn kampulìthta upo-

logÐzontai gia kˆje tim  thc kampulìthtac �ˆsh thc paragrˆfou (3.4.2) oi anhgmènec

paramorf¸seic thc diatom c.

78



4.2 Plastimìthta me qr sh tou diagrˆmmatoc 2

4.2 Plastimìthta me qr sh tou diagrˆmmatoc 2

Diagrˆmmata �op¸n-kampulot twn

Sq ma 4.1: Diˆgramma � � �h , n=0 parabolikì diˆgramma tˆsewn-paramorf¸sewn, poiìth-
ta skurodèmatoc � C50=60
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Kefˆlaio 4. Plastimìthta diatom¸n

Diˆgramma mf-n

Sq ma 4.2: Kampulìthtec diarro c kai astoqÐac

Dedomènou ìti qrhsimopoioÔntai anhgmènec kampulìthtec,

�h u

�h y
=

� u

� y
=

� u

� y

Gia kˆje perÐptwsh n,w

UpologÐzontai �ˆsh tou (3.4.1) oi paramorf¸seic astoqÐac

UpologÐzetai �ˆsh tou (4.1.1) h paramìrfwsh diarro c an upˆrqei

UpologÐzetai h plastimìthta thc diatom c

Tèloc

Sq ma 4.3: Diˆgramma �o c gia diˆgramma mf-n
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4.2 Plastimìthta me qr sh tou diagrˆmmatoc 2

ProkÔpton diˆgramma

Sq ma 4.4: Diˆgramma mf-n me As1 = As2, d1
h = 0:10 , � su = 67 :5o=oo, parabolikì diˆgramma

tˆsewn-paramorf¸sewn, fuk = 500 MPa, poiìthta skurodèmatoc � C50=60

Gia n=0 an lˆboume wc parˆmetro ton lìgo As2=As1 prokÔptei,
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Kefˆlaio 4. Plastimìthta diatom¸n

Sq ma 4.5: Diˆgramma mf-w, � = 0, d1
h = 0:10 , � su = 67 :5o=oo, parabolikì diˆgramma

tˆsewn-paramorf¸sewn, fuk = 500 MPa, poiìthta skurodèmatoc � C50=60

AntÐjeta apì ton upologismì thc antoq c h puknìthta tou skurodèmatoc ephreˆzei èntona

thn plastimìthta twn kampulot twn. ParathreÐtai ìti anexˆrthta apì thn axonik  oi diafo-

�èc sthn plastimìthta eÐnai sqedìn stajerèc. Me thn meÐwsh tou lìgou As2=As1 parathreÐtai

ìti mei¸nontai oi diaforèc lìgw thc puknìthtac. Me thn meÐwsh thc puknìthtac mei¸netai h

paramìrfwsh astoqÐac tou skurodèmatoc. H meÐwsh thc paramìrfwshc astoqÐac tou skuro-

dèmatoc odhgeÐ se meÐwsh thc paramìrfwshc tou �libìmenou qˆluba. Mei¸netai epÐshc kai

paramìrfwsh tou efelkuìmenou qˆluba afoÔ �a prèpei na auxhjeÐ h �libìmenh perioq 

tou skurodèmatoc gia na anaptuqjeÐ h aparaÐthth �liptik  dÔnamh. Dedomènou ìti h diatom 

�rÐsketai se leitourgÐa h kampulìthta diarro c eÐnai Ðdia anexˆrthta thc puknìthtac.
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4.3 Plastimìthta upostulwmˆtwn upì perÐsfixh

4.3 Plastimìthta upostulwmˆtwn upì perÐsfixh

Se upostul¸mata ìpwc �aÐnetai apì to diˆgramma � � � � gia axonikèc megalÔterec

apì � = 0:2 anaptÔssetai anepark  plastimìthta. 'Omwc sthn perÐptwsh twn upostulw-

mˆtwn to skurìdema sto pur na dèqetai pleurik  pÐesh apì touc egkˆrsiouc sundet rec

se sunduasmì me touc diam keic oplismoÔc. Aut  h egkˆrsia pÐesh dhmiourgeÐ sunj kec

triaxonik c katapìnhshc pou auxˆnei thn antoq  kai thn paramìrfwsh astoqÐac tou sku-

�odèmatoc. Autì den lambˆnetai �èbaia ston sqediasmì allˆ lambˆnetai sthn plastimìthta

thc diatom c anˆloga me thn kathgorÐa plastimìthtac tou �orèa. Sugkekrimèna gia kata-

skeuèc uyhl c plastimìthtac apaiteÐtai se ìlec tic krÐsimec diatomèc en¸ gia kataskeuèc

mèshc plastimìthtac apaiteÐtai mìno sthn �ˆsh tou upostul¸matoc.

Jewrhtikì upìbajro

Sq ma 4.6: Kampulìthtec diarro c kai astoqÐac

H astoqÐa pia tou skurodèmatoc kajorÐzetai apì to diˆgramma tˆsewn paramorf¸sewn

skurodèmatoc upì triaxonik  katapìnhsh tou EC2 .

Gia dedomènh perÐsfix  a � ! W [7],

� c=fcd = 0:5 � a � ! W

H diadikasÐa dhmiourgÐac twn diagrammˆtwn me perÐsfixh eÐnai antÐstoiqh me ta prohgo-

Ômena diagrˆmmata. Sthn perÐptwsh aut  prèpei na lhfjeÐ upìyin kai h apofloÐwsh tou

skurodèmatoc. Tupikˆ se Ðnec pou to skurìdema èqei xeperˆsei thn anhgmènh paramìrfw-

sh astoqÐa to skurìdema èxw apì ton pur na apofloi¸netai kai den leitourgeÐ pia sthn

diatom .

Gia lìgouc upologistik c aplìthtac thc prosomoÐwshc �ewreÐtai ìti,

ˆ An astoq sei h akrian  Ðna apofloi¸netai olìklhro to tm ma thc �libìmenhc 
¸nhc

pou �rÐsketai ektìc tou pur na.

ˆ Gia na mhn eisaqjoÔn parapˆnw parˆmetroi o pur nac tou skurodèmatoc qarˆzetai
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Kefˆlaio 4. Plastimìthta diatom¸n

apì ta kèntra twn diam kwn oplism¸n.

Gia kˆje perÐptwsh � , d1=h , � � ! w

(1
r ) astoqÐac me apofloÐwsh

(1
r ) diarro c qwrÐc apofloÐwsh

� c2 > � cu(1
r ) diarro c me apofloÐwsh

Tèloc

Nai

Oqi

Sq ma 4.7: Diˆgramma �o c gia diagrˆmmata plastimìthtac upostulwmˆtwn upì perÐsfixh
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4.3 Plastimìthta upostulwmˆtwn upì perÐsfixh

Diagrˆmmata �op¸n kampulot twn

Sq ma 4.8: Diagrˆmmata � � �h , diˆgramma tˆsewn paramorf¸sewn triaxonik c kata-
pìnhshc, �! w = 0:13 , den lambˆnetai upoyin apofloÐwsh skurodèmatoc, fuk = 500 MPa,
poiìthta skurodèmatoc � C50=60
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Kefˆlaio 4. Plastimìthta diatom¸n

Diˆgramma mf-n

Sq ma 4.9: Diˆgramma mf-n gia ! = 0:4, As1 = As2, d1
h = 0:10 , diˆgramma tˆsewn para-

morf¸sewn triaxonik  katapìnhshc, fuk = 500 MPa, poiìthta skurodèmatoc � C50=60

Sthn perÐptwsh aut  me qr sh twn diagrammˆtwn ìpwc perigrˆfontai ston EC2 oi dia-

�orèc eÐnai shmantikèc. 'Oso auxˆnetai h perÐsfixh tou skurodèmatoc tìso auxˆnontai kai

oi posostiaÐec diaforèc thc plastimìthtac twn diatom¸n �ˆsh thc puknìthtac. O �asikìc

parˆgontac twn diafor¸n thc plastimìthtac eÐnai h meÐwsh sthn paramìrfws  astoqÐac.

An lhfjeÐ upìyin h diìrjwsh thc sqèshc tou EC2 �ˆsh peiramatik c diereÔnhshc pou

pragmatopoi jhke se kisshrìdema, h plastimìthta mei¸netai akìma parapˆnw. Sugke-

krimèna periorÐzetai h paramìrfwsh astoqÐac tou skurodèmatoc sÔmfwna me to sq ma 4.10

[2].
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4.3 Plastimìthta upostulwmˆtwn upì perÐsfixh

Sq ma 4.10: Mègisth paramìrfwsh � cu
� proc � � ! w gia dokÐmia kisshrodèmatoc kai �ewrh-

tik  eujeÐa kata EC2 [2]

An lhfjeÐ periorismìc � cu
� � 0:02 gia thn perÐptwsh tou kisshrodèmatoc prokÔptei,

(aþ)skurìdema kanonikoÔ �ˆrouc (�þ) kisshrìdema � = 1800 kg=m 3

(gþ)kisshrìdema � = 1400 kg=m 3

Sq ma 4.11: Diagrˆmmata mf-n, ! = 0:4, As1 = As2, d1
h = 0:05 , perisfigmèno di-

ˆgramma tˆsewn paramorf¸sewn me diìrjwsh �ˆsh thc peiramatik c diereÔnhshc, poiìthta
skurodèmatoc � C50=60

.

ParathreÐtai ìti pèran miac sugkekrimènhc tim c perÐsfixhc �! w den upˆrqei aÔxhsh

sthn plastimìthta anexˆrthta apì thn anhgmènh axonik .
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Kefˆlaio 5

Diagrˆmmata leitourgÐac

5.1 Diagrˆmmata tˆsewn paramorf¸sewn

Ektìc apì ta diagrˆmmata sqediasmoÔ kai plastimìthtac pou anafèrontai se oriakèc

katastˆseic astoqÐac idiaÐtero endiafèron gia endiˆmesec katastˆseic parousiˆzoun oi o-

�iakèc katastˆseic leitourgikìthtac. An lhfjoÔn ta diagrˆmmata tˆsewn-paramorf¸sewn

se leitourgÐa,

Sq ma 5.1: Diagrˆmmata tˆsewn-paramorf¸sewn gia fck = 20MPa, acc = 0:85

ˆ FaÐnetai apeujeÐac ìti gia meÐwsh thc puknìthtac mei¸netai kai to mètro elastikìthtac.

ˆ Ta ESEA parousiˆzoun megalÔterh grammikìthta ulikoÔ èwc thn diarro  tou skuro-

dèmatoc.
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Kefˆlaio 5. Diagrˆmmata leitourgÐac

ˆ To ESEA eÐnai pio yajurì apì to SKB.

5.2 Suntelestèc pl rwshc kai kèntrou �ˆrouc

Sthn perÐptwsh twn diagrammˆtwn leitourgÐac oi suntelestèc dÔskola upologÐzontai

apeujeÐac me thn qr sh oloklhrwmˆtwn. Gia ton lìgo autì me qr sh thc sumbolik c

gl¸ssac tou matlab © upologÐsjhkan apeujeÐac ta oloklhr¸mata thc paragrˆfou (3.3)

gia peript¸seic �, fck pou �a qrhsimopoihjoÔn, ana � c = 0:01 o=oo. Qrhsimopoi jhke

grammik  parembol  gia tic endiˆmesec timèc.

Ta diagrˆmmata pou proèkuyan endeiktikˆ gia fck = 20MPa kai acc = 0:85 eÐnai ta ex c,

(aþ)Suntelest c pl rwshc (�þ) Suntelest c kèntrou �ˆrouc

Sq ma 5.2: Suntelestèc diagrˆmmatoc 1 - anhgmènhc paramìrfwshc, fck = 20MPa, acc =
0:85

ParathreÐtai apeujeÐac ìti to ESEA apì touc suntelestèc, pou kajorÐzoun thn sumperi-

�orˆ tou, leitourgeÐ sqedìn grammikˆ. H aplopoihtik  paradoq  gia trigwnik  katanom 

tˆsewn �a  tan akrib c. AntÐjeta to SKB parousiˆzei kˆpoiec mh grammikìthtec, kurÐwc

metˆ thn tim  diarro c � c = � cy

5.3 Arijmhtikèc diadikasÐec

Upologismìc anhgmènwn paramorf¸sewn dedomènhc thc entatik c katˆstashc M

kai N

Katarq n gia dedomènh axonik  �a prèpei na diapistwjeÐ ìti h �op  eÐnai aÔxousa thc

kampulìthtac dedomènou ìti to diˆgramma tˆsewn-paramorf¸sewn tou skurodèmatoc den

eÐnai monìtono. H �op  eÐnai to ginìmeno thc dÔnamhc tou qˆluba kai tou moqlobraqÐona

opìte autoÐ eÐnai kai oi parˆgontec pou ephreˆzoun thn monotonÐa. Bèbaia èwc thn diar-

�o  o �ujmìc aÔxhshc thc dÔnamhc tou qˆluba eÐnai terˆstia kai episkiˆzei thn pijan 

meÐwsh tou moqlobraqÐona pou eÐnai genikˆ mikr . Gia autìn ton lìgo sthn perioq  twn

kampulot twn èwc thn diarro  h �op  �a eÐnai aÔxousa thc kampulìthtac.
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5.4 Diagrˆmmata �op c kampulot twn kai tèmnousac duskamyÐac kampulot twn dok¸n

Me dedomènh pia thn monotonÐa qrhsimopoieÐtai dipl  diqotìmhsh gia thn eÔresh twn

anhgmènwn paramorf¸sewn. Sugkekrimèna lambˆnontai dÔo ˆkra gia thn kampulìthta,

mÐa gia thn diarro  kai mÐa kontˆ sto mhdèn (gia na eÐnai diˆforo tou mhdenìc) kai me

metablht  thn kampulìthta gia kˆje tim  thc kampulìthtac me thn parˆgrafo (3.4.2)

upologÐzontai oi anhgmènec paramorf¸seic thc diatom c.

5.4 Diagrˆmmata �op c kampulot twn kai tèmnousac duskam-

yÐac kampulot twn dok¸n

Ta diagrˆmmata autˆ eÐnai aparaÐthta gia na �aneÐ h metabol  thc �op c kai thc

tèmnousac duskamyÐac �ˆsh thc puknìthtac.

Sq ma 5.3: Kˆmyh dokoÔ me aplì oplismì

Exis¸seic isodunamÐac

Gia thn dhmiourgÐa twn diagrammˆtwn leitourgÐac �a lhfjeÐ pia kai h efelkustik 

dÔnamh tou skurodèmatoc.

Upˆrqoun dÔo stˆdia tou skurodèmatoc sta diagrˆmmata leitourgÐac. To stˆdio 1 ìpou h

diatom  �ewreÐtai arhgmˆtwth kai to stˆdio 2 ìpou h diatom  èqei �hgmatwjeÐ pl rwc(den

lambˆnetai upìyin h efelkustik  dÔnamh tou skurodèmatoc).

Gia endiˆmesec katatastˆseic qrhsimopoieÐtai o nìmoc �hgmˆtwshc thc paragrˆfou 2.2.4.

Exis¸seic isodunamÐac

Gia thn arhgmˆtwth diatom ,

N = Fc1 � Fc2 � Fs = (a1 � x ) � b � h � fcd � (a2 � (1 � x )) � b � h � fcd + As1 � � s1

Msd = (a1 � x )� b� h � fcd � (h=2� � 1 � x )� (a2 � (1� x ))� b� h � fcd � (h=2� � 2 � (1� x ))� As1 � � s1 � (h=2� d1)

Diair¸ntac thn axonik  kai thn �op  me b � d � fcd kai b � d 2 � fcd antÐstoiqa gia na gÐnoun

adiˆstata èqoume,

� d = a1 � � � a2 � (1 � � ) + ! 1 �
� s1

fyd
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Kefˆlaio 5. Diagrˆmmata leitourgÐac

� d = a1 � � � (0:5 � � 1 � � ) � a2 � (1 � � ) � (0:5 � � 2 � (1 � � )) � ! 1 �
� s1

fyd
� (0:5 �

d1

h
)

AntistoÐqwc gia thn �hgmatwmènh,

� d = a1 � � + ! 1 �
� s1

fyd

� d = a1 � � � (0:5 � � 1 � � ) � ! 1 �
� s1

fyd
� (0:5 �

d1

h
)

Ja eisaqjeÐ se autì to shmeÐo h anhgmènh tèmnousa duskamyÐa,

EIa =
� �

�h
=

M=b � h 2 � fcd

� � h
=

EI

b � h 3 � fcd

92



5.4 Diagrˆmmata �op c kampulot twn kai tèmnousac duskamyÐac kampulot twn dok¸n

Gia kˆje perÐptwsh � , fck , d1=h

UpologÐzetai h �op  �hgmˆtwshc kai h kampulìthta gia thn �op  �hgmˆtwshc
me thn �e¸rhsh ìti eÐnai arhgmˆtwth h diatom 

UpologÐzetai h kampulìthta diarro c thc diatomhc �ˆsh thc paragrˆfou 4.1.1

UpologÐzetai h anhgmènh paramìfwsh tou qˆluba gia thn �op  �hgmˆtwshc
me thn �e¸rhsh �hgmatwmènhc diatom c

Gia kˆje �op  èwc thn �op  diarro c upologÐzetai h tˆsh tou qˆluba kai
h kampulìthta �h 2 me thn �e¸rhsh �hgmatwmènhc diatom c

UpologÐzetai h kampulìthta �h 1

me thn �e¸rhsh arhgmˆtwthc diatom c

UpologÐzetai to � = 1 � ( � sr
� s

)2

UpologÐzetai h kampulìthta �h = � � �h 1 + (1 � � ) � �h 2

Tèloc

Sq ma 5.4: Diˆgramma �o c gia diagrˆmmata M-� kai EI-M
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Kefˆlaio 5. Diagrˆmmata leitourgÐac

ProkÔptonta diagrˆmmata

(aþ)Diˆgramma �op c kampulot twn

(�þ) Diˆgramma tèmnousac duskamyÐac

Sq ma 5.5: Diagrˆmmata leitourgÐac, d1=h = 0:05 , fck = 20 , � = 1, acc = 0:85 , diˆgramma
tˆsewn-paramorf¸sewn gia mh grammik  anˆlush, nìmoc �hgmˆtwshc tou EC2
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5.5 Diˆgramma elègqou �el¸n grammik¸n �orèwn

ApeujeÐac �aÐnetai ìti ta ESEA leitourgoÔn pio yajurˆ kai me mikrìterh duskamyÐa.

IdiaÐtero endiafèron parousiˆzei to diˆgramma tèmnousac duskamyÐac pou apaiteÐtai gia thn

eÔresh �el¸n. ParathreÐtai ìti h diaforˆ thc tèmnousac duskamyÐac gia arhgmˆtwth dia-

tom  eÐnai polÔ megˆlh en¸ gia �hgmatwmènh diatom  oi tèmnousec duskamyÐec sugklÐnoun.

EpÐshc eÐnai ˆxio na shmeiwjeÐ ìti parìti oi �opèc �hgmˆtwshc èqoun mikrèc diaforèc oi

tèmnousec duskamyÐec arhgmˆtwthc diatom c mei¸nontai shmantikˆ gia mikrìterec puknìth-

tec.

5.5 Diˆgramma elègqou �el¸n grammik¸n �orèwn

IdiaÐterh shmasÐa èqei pia na lhfjeÐ upìyin kai h meÐwsh tou �ˆrouc tou elafrosku-

�odèmatoc. Se autì to shmeÐo �a exetasjeÐ katˆ pìso ephreˆzei h metabol  thc duskamyÐac

kai tou �ˆrouc ta �èlh pou prokÔptoun se aploÔc grammikoÔc �oreÐc. Sugkekrimèna, �a

upologistoÔn ta aparaÐthta pˆqh gia na ikanopoioÔntai oi OKL gia diˆforec peript¸seic

anoigmˆtwn kai grammik¸n �orèwn.

O èlegqoc �el¸n pou apaiteÐtai gia tic OKL eÐnai,

ˆ � G+0:3� Q < L= 250 , gia na ni¸jei asfˆleia o qr sthc

ˆ � 0:3Q < L= 500 , gia mhn proklhjoÔn 
hmièc se euaÐsjhta qwrÐsmata

Sthn sugkekrimènh parˆgrafo upologÐzontai ta apaitoÔmena elˆqista pˆqh hmin ètsi ¸ste

na ikanopoioÔntai oi prohgoÔmenec sunj kec se aploÔc grammikoÔc �oreÐc. AutoÐ oi �oreÐc

parousiˆzontai kai se ktiriakèc kataskeuèc(p.q. plˆka kamptìmenh katˆ mÐa dieÔjunsh,

prìboloc k.t.l.).

DiadikasÐa dhmiourgÐac tou diagrˆmmatoc

O upologismìc twn paq¸n �a gÐnei gia tic tèsseric �asikèc peript¸seic grammik¸n �o-

�èwn, dhlad  gia amfièreisth, amfÐpakth, monìpakth dokìc kai prìboloc. O upologismìc

twn �el¸n �a gÐnei me thn arq  twn dunat¸n èrgwn. Opìte to �èloc �a lhfjeÐ wc,

d =
Z L

0
� �

Mi � M

EI1
dL +

Z L

0
(1 � � ) �

Mi � M

EI2
dL

ìpou,

� = 1 � � �
Mcr

M

aplopoihtikˆ lambˆnontai oi �opèc gia ton upologismì tou � gia thn apofug  poll¸n

epanal yewn sto prìgramma. Sugkekrimèna an lambˆnontan oi tˆseic ston upologismì

tou � �a èprepe gia kˆje diatom  na gÐnei diadikasÐa thc paragrˆfou (5.3) auxˆnontac

shmantikˆ ton qrìno ektèleshc tou progrˆmmatoc qwrÐc megˆlh diaforˆ sto apotèlesma.

Gia peript¸seic statik¸n prosomoiwmˆtwn pou anafèrjhkan �a qrhsimopoi soume gew-

metrikˆ qarakthristikˆ kai �ortÐa ètsi ¸ste na antistoiqoÔn se pragmatikèc peript¸seic

plak¸n.
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Kefˆlaio 5. Diagrˆmmata leitourgÐac

Gia kˆje perÐptwsh �, statikoÔ prosomoi¸matoc, L

Eklog  arqikoÔ Ôyouc gia na eÐnai mikrìterh thc oriak c gia � = � cu
� cu +� sy

Upologismìc tou aploÔ oplismoÔ sto ˆnoigma kai sthn st rixh

Upologismìc thc �op c �hgmˆtwshc gia to ˆnoigma kai thn st rixh
Upologismìc thc tèmnousac duskamyÐac gia �hgmatwmènh kai arhgmˆtwth diatom 

DiakritopoÐhsh tou �orèa kai èuresh tou M, Mi kai � kˆje diatom c

EÔresh tou �èlouc � 0:3Q kai � G+0:3Q

� 0:3Q < L
500 ; � G+0:3Q < L

250d = d + 0:001

Elˆqisto Ôyoc gia ikanopoÐhsh �èlouc

Tèloc

Oqi

Nai

Sq ma 5.6: Diˆgramma �o c gia diagrˆmmata elˆqistou pˆqouc

Diagrˆmmata sÔgkrishc

An lhfjeÐ to Ðdio �ortÐo gia tic diaforetikèc peript¸seic puknìthtac �aÐnetai apeujeÐac

h diaforˆ sta apaitoÔmena pˆqh.
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5.5 Diˆgramma elègqou �el¸n grammik¸n �orèwn

Sq ma 5.7: Diˆgramma elˆqistou pˆqouc-anoÐgmatoc gia orjogwnik  diatom .
P = 5KPa, fck = 20MPa, dh = 0:04m, � = 0:5, acc = 0:85 , diˆgramma tˆsewn paramorf¸se-
wn gia mh grammik  anˆlush, nìmo �hgmˆtwshc tou EC2

Gia perÐptws  oikÐac

Sq ma 5.8: Diˆgramma elˆqistou pˆqouc-anoÐgmatoc gia orjogwnik  diatom .
G = 1:5KPa kai Q = 2KPa, fck = 20MPa, dh = 0:04m, � = 0:5, acc = 0:85 , diˆgramma
tˆsewn paramorf¸sewn gia mh grammik  anˆlush, nìmo �hgmˆtwshc tou EC2
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Kefˆlaio 5. Diagrˆmmata leitourgÐac

Gia perÐptwsh grafeÐwn me megˆla �ortÐa epikalÔyewc

Sq ma 5.9: Diˆgramma elˆqistou pˆqouc-anoÐgmatoc gia orjogwnik  diatom .
G = 2:5KPa kai Q = 5KPa, fck = 20MPa, dh = 0:04m, � = 0:5, acc = 0:85 , diˆgramma
tˆsewn paramorf¸sewn gia mh grammik  anˆlush, nìmo �hgmˆtwshc tou EC2

Gia Ðdia �ortÐa oi mikrìterec puknìthtec odhgoÔn se megalÔtera pˆqh. Gia tupikèc pe-

�ipt¸seic ìmwc �aÐnetai ìti h tautìqronh meÐwsh tou �ˆrouc kai thc duskamyÐac odhgeÐ se

sqedìn Ðsa �èlh anexˆrthta apì thn puknìthta. Sunep¸c gia thn perÐptwsh grammik¸n �o-

�èwn oi diaforèc sta �èlh lìgw thc puknìthtac eÐnai amelhtèec.
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Mèroc II

SÔgkrish ston sqediasmì pentaìrofhc

plaisiwt c kataskeu c
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Kefˆlaio 6

Teqnik  èkjesh pentaìrofhc kataskeu c me sku-

�ìdema kanonikoÔ �ˆrouc

S to kefˆlaio autì gÐnetai � ma proc � ma sqediasmìc �orèa katˆ tic diatˆxeic tou

EC2 kai EC8 . O �orèac prìkeitai gia pentaìrofh kataskeu  apoteloÔmenh apì

sumpageÐc plˆkec, dokoÔc, upostul¸mata kai �emelÐwsh dia pedilodok¸n.

6.1 GewmetrÐa

Prìkeitai gia kataskeu  triwn anoigmˆtwn plˆtouc 6m kai pènte orìfwn meiktoÔ Ôyouc

h = 3m.

6.2 Paradoqèc

Mèjodoi upologismoÔ

ˆ EpÐlush plak¸n katˆ Czerny

ˆ Upologismìc twn statik¸n entˆsewn mèsw elastik c anˆlushc tou qwrikoÔ plaisÐou

ˆ Upologismìc seismik¸n entˆsewn mèsw idiomorfik c anˆlushc tou qwrikoÔ plaisÐou.

Ulikˆ

ˆ Skurìdema C20/25

ˆ Qˆlubac B500

ˆ Suntelest c asfaleÐac skurodèmatoc 
 c = 1:5

ˆ Suntelest c asfaleÐac qˆluba 
 s = 1:15

FortÐa

ˆ Bˆroc oplismènou skurodèmatoc 25KN=m 3

ˆ Bˆroc mpatik c optoplinjodom c 3:60KN=m 2
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Kefˆlaio 6. Teqnik  èkjesh pentaìrofhc kataskeu c me skurìdema kanonikoÔ �ˆrouc

ˆ Epikˆluyh plak¸n 1:50KN=m 2

ˆ Kinhtˆ plak¸n : JewroÔme qr sh katoikÐac 2:00KN=m 2

ˆ Kinhtˆ d¸matoc 2:00KN=m 2

ˆ Suntelest c asfˆleiac mìnimwn �ortÐwn 
 G = 1:35

ˆ Suntelest c asfˆleiac kinht¸n �ortÐwn 
 Q = 1:50

Seismologikˆ stoiqeÐa

ˆ KathgorÐa mèshc plastimìthtac

ˆ Z¸nh seismik c epikindunìthtac Z1 (agR = 0:16)

ˆ Spoudaiìthta dom matoc S2 ( 
 1 = 1:00)

ˆ KathgorÐa edˆfouc B 1:50KN=m 2

ˆ Suntelest c seismik c sumperiforˆc : Prìkeitai gia polu¸rofo plaisiwtì polÔstu-

lo plaÐsio, opìte q = 3:9 (EC8-§5.2.2.2).

AllhlepÐdrash edˆfouc-kataskeu c

ˆ ProsomoÐwsh mèsw elathrÐwn wrinkler . JewroÔme mia perÐptwsh qalar c ˆmmou  

amm¸douc argÐlou me mètro elastikìthtac ES = 30MPa kai lìgo poisson � = 0:2.

ˆ Epitrepìmenh tˆsh edˆfouc 0:20MPa

6.3 Sqediasmìc plak¸n

Epikˆluyh plak¸n ( EC2 -§4.4.1)

Gia kathgorÐa èkjesh XC1 apì ton pÐnaka E:1N �aÐnetai ìti h kathgorÐa skurodèmatoc

C20=25 kalÔptei thn elˆqisth apaÐthsh.

Prìkeitai gia sun jhc kataskeu  opìte h kathgorÐa kataskeu c eÐnai S4.

Gia diam keic F8,

cmin;b = 8mm

cmin;dur = 15mm

� cdur;
 = � cdur;st = � cdur;add = 0

cmin = max (cmin;b ; cmind;dur + � cdur;
 � � cdur;st � � cdur;add ; 10mm ) =

max (8; 15 ; 10 )mm = 15mm

cnom = cmin + � cdev = 15mm + 10mm = 25mm

d1 = cnom + � =2 = 25mm + 8mm=2 = 29mm

Jètoume d1 = 30mm
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6.3.1 OmadopoÐhsh plak¸n

6.3.1 OmadopoÐhsh plak¸n

'Eqoun lhfjeÐ ta Ðdia �ortÐa gia ìlec tic plˆkec. Dedomènou ìti eÐnai summetrik  h

kataskeu  qreiˆzetai na sqediastoÔn oi 3 plˆkec.

Sq ma 6.1: OmadopoÐhsh plak¸n

6.3.2 Sqediasmìc plˆkac 1

Prìkeitai gia plˆka edrazìmenh katˆ tic tèsseric akmèc kai pakt¸menh katˆ tic dÔo.

Statikì Ôyoc

Dedomènou ìti o sqediasmìc ègine me skopì thn sÔgkrish twn puknot twn �a èprepe na

epileqjeÐ to elˆqisto Ôyoc gia kˆje perÐptwsh puknìthtac. Bèbaia h apallaktik  diˆtaxh

tou EC2 mporeÐ na odhg sei kai se statikˆ Ôyh ta opoÐa eÐnai ektìc pragmatikìthtac.

Gia ton lìgo autì epilèqjhke kai stic dÔo peript¸seic plˆka pˆqouc h = 15cm. Pˆqoc

to opoÐo gia thn perÐptwsh anoÐgmatoc 6m mporeÐ na �ewrhjeÐ arketˆ mikrì. Sunep¸c

gia epikˆluyh d1 = 3cm, statikì Ôyoc �a eÐnai d = 12cm. Ja elegqjeÐ sthn sunèqeia to

statikì Ôyoc �ˆsh tou EC2

Jewrhtikì ˆnoigma plak¸n ( EC2 -§5.3.2.2)

Lambˆnetai plˆtoc exwterik c dokoÔ b = 25cm kai plˆtoc eswterik  dokoÔ b = 30cm.

Ln;x = Ln;y = 6m � 0:25m �
0:30m

2
= 5:60m

a1 = min (1=2 � h; 1=2 � t ) = min (1=2 � 15cm; 1=2 � 25cm) = 7:5cm

a2 = min (1=2 � h; 1=2 � t ) = min (1=2 � 15cm; 1=2 � 30cm) = 7:5cm
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Kefˆlaio 6. Teqnik  èkjesh pentaìrofhc kataskeu c me skurìdema kanonikoÔ �ˆrouc

leff = ln + a1 + a2 = 5:75m ! 5:80m

FortÐa

G = 0:15m � 25KN=m 3 + 1:5KN=m 2 = 5:25KPa

Q = 2KPa

Pesoeid c �ortÐseic

p1 = 1:175 � G + 0:75 � Q = 1:175 � 5:25 + 0:75 � 2 = 7:67 ! 7:7KPa

p2 = 0:175 � G + 0:75 � Q = 0:175 � 5:25 + 0:75 � 2 = 2:42 ! 2:5KPa

Entˆseic

Apì touc pÐnakec Czerny gia plˆka edrazìmenh stic tèsseric akmèc kai pakt¸menh stic

dÔo melx =ly = 1

mspan = p1 � l2=42 :7 + p2 � l2=27 :2 = 7:7 � 5:82=42 :7 + 2:5 � 5:82=27 :2 = 10KNm=m

msup = p1 � l2=14 :3 + p2 � l2=11 :9 = 7:7 � 5:82=14 :3 + 2:5 � 5:82=11 :9 = 26KNm=m

Sthn eswterik  st rixh,

Vsup; 1 = (p1 + p2) � l=1:96 = (7:7 + 2:5) � 5:8=1:96 = 31KN=m

Sthn exwterik  st rixh,

Vsup; 2 = (p1 + p2) � l=2:76 = (7:7 + 2:5) � 5:8=2:76 = 22KN=m

Elˆqistoc oplismìc ( EC2 -§9.2.1.1)

As;min = min (0:26 � fctm =fyk ; 0:0013 ) � bt � d =

min (0:26 � 2:2=500 ; 0; 0013 ) � 100 � 12cm2=m = 1:56cm2=m

Mègisth apìstash oplism¸n( EC2 -§9.3.1.1)

smin = min (1:5 � h; 200 mm ) = min (1:5 � 150 ; 200 )mm = 200 mm

Opìte gia elˆqisto oplismì F8, As = 0:5 � 100
20 = 2:5cm2=m
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6.3.2 Sqediasmìc plˆkac 1

ApaitoÔmenoc oplismìc anoÐgmatoc( EC2 -§6.1)

� =
m

d 2 � fcd
=

10KNm=m

0:12 2 � 11 :3MPa
= 0:06

Apì pÐnakec aploÔ oplismoÔ

! = 0:062

As = ! � b � d �
fcd

fyd
= 0:062 � 100

cm

m
� 12cm �

11 :3

435
= 2cm2

TopojeteÐtai o elˆqistoc, F8/20 (As = 2:5cm2=m )

ApaitoÔmenoc oplismìc st rixhc( EC2 -§6.1)

� =
m

d 2 � fcd
=

26KNm=m

0:12 2 � 11 :3MPa
= 0:16

Apì pÐnakec aploÔ oplismoÔ

! = 0:175

As = ! � b � d �
fcd

fyd
= 0:175 � 100

cm

m
� 12cm �

11 :3

435
= 5:5cm2

ApaiteÐtai epiplèon,

As = (5:5 � 2:5) = 3cm2=m

�ètoume epiplèon, F8/15 (3:3cm2=m )

Antoq  diˆtmhshc( EC2 -§6.2.2)

k = 1 +

r
200

d
= 1 +

r
200

120
= 2:3 � 2 ! k = 2

CRd;c =
0:18


 c
=

0:18

1:5
= 0:12

� min = 0:035 � k 3=2 � f 1=2
ck = 0:035 � 23=2 � 20 � 1=2 = 0:443

Eswterik  st rixh

� l =
As1

bw � d
=

2:5 + 3:3

100 � 12
= 0:5% < 2%

VRd;c = max (CRd;c � k � (100 � � l � fck )1=3 ; � min ) � bw � d =

max (0:12 � 2 � (100 � 0:5% � 20 )1=3 ; 0:443 ) �
1000 mm

1m
� 120 mm =

max (0:517 ; 0:443 ) �
1000 mm

1m
� 150 mm = 77 :6KN=m

Sunep¸c an gÐnei o èlegqoc sthn st rixh(upèr thc asfaleÐac)

VEd = 31KN=m < V Rd;c = 77 :6KN=m
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Kefˆlaio 6. Teqnik  èkjesh pentaìrofhc kataskeu c me skurìdema kanonikoÔ �ˆrouc

Exwterik  st rixh Gia thn exwterik  st rixh an lhfjeÐ h elˆqisth tèmnousa pou eÐnai

uper thc asfˆleiac,

VRd;c = 0:443 �
1000 mm

1m
� 150 mm = 66 :5KN=m

VEd = 22KN=m < V Rd;c = 66 :5KN=m

Rhgmˆtwsh( EC2 -§7.3.3)

[8] Sto ˆnoigma

ˆ Upologismìc Ôyouc oudèterou ˆxona,

Ecm � b � x 2=2 = Es � As � (d � x ) ! 30 � 100 � x 2=2 = 200 � 2:5 � (12 � x ) ! x = 1:9cm

ˆ Upologismìc thc tˆshc ston efelkuìmeno oplismì

Msls =
G + 0:3 � Q

1:35 � G + 1:5 � Q
� � span =

5:25 + 0:3 � 2

1:35 � 5:25 + 1:5 � 2
� 10KNm=m = 5:8KNm=m

� s =
Msls

(d � x=3) � As
=

5:8KNm=m

(12 � 1:9=3)cm � 2:5cm2=m
= 204 MPa

ˆ Upologismìc,

Gia makroqrìnia �ìrtish, k t = 0:4

ae =
Es

Ecm
=

200

30
= 6:67

hc;ef = 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

� �;eff =
As

Ac;eff
=

2:5cm2=m

4:2cm
= 6o=oo

� sm � � cm =
� c � k t � fct;eff

� �;eff
� (1 + ae � � �;eff )

Es
=

204 MPa � 0:4 � 2:2MPa
6o=oo

� (1 + 6:67 � 6o=oo)

200 GPa
=

0:26 <
� s

Es
= 0:6 �

204 MPa

200 GPa
= 0:61 o=oo ! � sm � � cm = 0:61 o=oo

ˆ Upologismìc mègisthc apìstashc �wgm¸n

s > 5 � d1 = 5 � 3cm = 15cm, opìte sr;max = 1:3 � (h � x ) = 1:3 � (15 � 1:9) = 17cm

ˆ Upologismìc tou plˆtouc twn �wgm¸n

Wk = 0:61 o=oo � 172 mm = 0:11mm

pou ikanopoieÐtai

Sthn eswterik  st rixh
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6.4 Statikì prosomoÐwma �orèa

x Msls � c ae hc;eff � �;eff � sm � � cm sr;max w k

2:7cm 15:1KN=m 235 MPa 6.67 4:1cm 1:4% 0:79 o=oo 160 mm 0:13mm

PÐnakac 6.1: StoiqeÐa �hgmat¸sewc gia st rixh plˆkac 1

Apallag  apì èlegqo �èlouc( EC2 -§7.4.2)

Katˆ eurwk¸dika 2

QwrÐc na lhfjeÐ h diìrjwsh lìgw thc meiwmènhc tˆshc oplismoÔ(upèr thc asfaleÐac),

� =
As;rqd

Ac
=

2:2

100 � 12
= 1:8o=oo

� 0 =
p

fck
o=oo =

p
20 o=oo = 4:5o=oo

� < � 0 opìte,

l

d
= 1:3 � [11 + 1:5 �

p
fck �

� 0

�
+ 3:2 �

p
fck � (

� 0

�
� 1)

3=2
] =

1:3 � [11 + 1:5 �
p

20 �
4:5

1:8
+ 3:2 �

p
20 � (

4:5

1:8
� 1)

3=2

] = 70 ! d =
580

70
= 8:3 < 12cm

Opìte den apaiteÐtai èlegqoc �el¸n.

Sqediasmìc plˆkac 2,3

H plˆka 2 eÐnai paktwmènh stic tèsseric pleurèc, h plˆka 3 eÐnai paktwmènh katˆ 2

kai h plˆka 1 eÐnai paktwmènh stic dÔo. Lambˆnontac upìyin to gegonìc ìti èqoun thn

Ðdia gewmetrÐa kai �ìrtish kai lambˆnontac upìyin thn statik  leitourgÐa twn plak¸n oi

entˆseic pou anaptÔssontai sthn plˆka 1 eÐnai megalÔterec apì autèc pou anaptÔssontai

sthn plˆka 2 kai 3, tìso sto ˆnoigma ìso kai sthn st rixh. AfoÔ èqoume topojet sei sthn

plˆka 1 touc elˆqistouc oplismoÔc sto ˆnoigma �a topojethjoÔn oi Ðdioi oplismoÐ sthn

Plˆka 2,3 qwrÐc na pragmatopoihjoÔn oi antÐstoiqoi èlegqoi.

6.4 Statikì prosomoÐwma �orèa

OmadopoÐhsh stoiqeÐwn statikoÔ prosomoi¸matoc

Bˆsh thc summetrÐac h omadopoÐhsh twn stoiqeÐwn tou �orèa mporeÐ na gÐnei wc ex c,
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Kefˆlaio 6. Teqnik  èkjesh pentaìrofhc kataskeu c me skurìdema kanonikoÔ �ˆrouc

Sq ma 6.2: OmadopoÐhsh dok¸n

AntÐstoiqa gia ta upostul¸mata

Sq ma 6.3: OmadopoÐhsh upostulwmˆtwn
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6.4 Statikì prosomoÐwma �orèa

Sunergazìmena plˆth dok¸n( EC2 -§5.3.2.1)

Dokìc 1(exwterikì ˆnoigma-exwterik  dokìc),

b1 =
ln
2

=
6m � 0:35m � 0:4m=2

2
= 2:8m

l0 = 0:85 � (6m � 0:35m=2) = 5m

beff;1 = min (0:2 � b1 + 0:1 � l0 ; b1 ; 0:2 � l0) = min (0:2 � 2:8 + 0:1 � 5; 2:7; 0:2 � 5)m =

min (1:1; 2:7; 1)m = 1m

beff;2 = 0

beff = bw + beff;1 + beff;2 = 0:25m + 1m + 0m = 1:25m

Dokìc 2(eswterikì ˆnoigma-exwterik  dokìc),

b1 =
6 � 0:4

2
= 2:8m

l0 = 0:7 � 6m = 4:1m

beff;1 = min (0:2 � b1 + 0:1 � l0 ; b1 ; 0:2 � l0) = min (0:2 � 2:8 + 0:1 � 4:1; 2:8; 0:2 � 4:1) =

min (0:95 ; 2:7; 0:8) = 0:8m

beff;2 = 0

beff = bw + beff;1 + beff;2 = 0:25 + 0:8 = 1:1m

Dokìc 3(exwterikì ˆnoigma-eswterik  dokìc),

b1 =
6m � 0:4m � 0:45m=2

2
= 2:6

l0 = 5m

beff;1 = beff;2 = min (0:2 � b1 + 0:1 � l0 ; b1 ; 0:2 � l0) = min (0:2 � 2:6 + 0:1 � 5; 2:6; 0:2 � 5) =

min (1:05 ; 2:6; 1) = 1m

beff = bw + beff;1 + beff;2 = 0:3 + 1 + 1 = 2:3m

Dokìc 4(eswterikì ˆnoigma-eswterik  dokìc),

b1 =
6 � 0:45

2
= 2:7m

l0 = 0:7 � 6m = 4:1m

beff;1 = beff;2 = min (0:2 � b1 + 0:1 � l0 ; b1 ; 0:2 � l0) = min (0:2 � 2:7 + 0:1 � 4:1; 2:7; 0:2 � 4:1) =

min (0:95 ; 2:7; 0:8) = 0:8m

beff = bw + beff;1 + beff;2 = 0:3 + 0:8 + 0:8 = 1:9m
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Kefˆlaio 6. Teqnik  èkjesh pentaìrofhc kataskeu c me skurìdema kanonikoÔ �ˆrouc

Mèlh prosomoi¸matoc

Ja lhfjoÔn 3 diaforetikˆ prosomoi¸mata gia ton sqediasmì tou �orèa.

ˆ Plˆkec h = 15cm kai d = 12cm se ìlec tic stˆjmec.

ˆ Kol¸nec,

K1 diastˆsewn 35cm � 35cm

K2 diastˆsewn 40cm � 40cm

K3 diastˆsewn 45cm � 45cm

ˆ Statik  �ìrtish

� Dokˆria plakodokoÐ:

Dokìc 1 diastˆsewn : beff = 1:25m, bw = 0:25m, h = 0:5m

Dokìc 2 diastˆsewn : beff = 1:1m, bw = 0:25m, h = 0:5m

Dokìc 3 diastˆsewn : beff = 2:3m, bw = 0:3m, h = 0:6m

Dokìc 4 diastˆsewn : beff = 1:9m, bw = 0:3m, h = 0:6m

� SthrÐxeic : Ja lhfjoÔn pakt¸seic.

Autì to statikì prosomoÐwma �a qrhsimopoihjeÐ gia ton upologismì twn entˆsewn

ston �orèa.

Sq ma 6.4: Statikì prosomoÐwma 1

ˆ Seismik  �ìrtish 1

Sthn perÐptwsh aut  ta dokˆria leitourgoÔn sto misì tou m kouc wc orjogwnikèc

diatomèc kai sto ˆllo misì wc plakodokoÐ, opìte lambˆnontai wc orjogwnikèc diato-
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6.4 Statikì prosomoÐwma �orèa

mèc.

� Dokˆria orjogwnik c diatom c ìpou,

Dokìc 1 diastˆsewn b = 0:25m, h = 0:5m

Dokìc 2 diastˆsewn b = 0:25m, h = 0:5m

Dokìc 3 diastˆsewn b = 0:25m, h = 0:5m

Dokìc 4 diastˆsewn b = 0:25m, h = 0:5m

� SthrÐxeic : Ja lhfjoÔn pakt¸seic.

Se sunduasmì me thn statik  �ìrtish �a qrhsimopoihjoÔn ta �ortÐa pou prokÔptoun

gia thn diastasiolìghsh twn mel¸n.

Den lambˆnetai upìyin h endosimìthta tou edˆfouc gia ton upologismì twn �ortÐwn

kaj¸c gÐnetai h upìjesh ìti me thn l yh thc endosimìthtac auxˆnetai h idioperÐo-

doc kai mei¸nontai ta seismikˆ �ortÐa. Upìjesh h opoÐa isqÔei kaj¸c to �ˆsma

apìkrishc pou �a prokÔyei eÐnai �jÐnousa sunˆrthsh.

Sq ma 6.5: Statikì prosomoÐwma 2

ˆ Seismik  �ìrtish 2

Dokˆria kai kol¸nec lambˆnontai ìpwc thn �ìrtish 1. Se aut n thn perÐptwsh �a

lhfjeÐ upìyin kai h �emelÐwsh tou �orèa pou �a gÐnei me pedilodokoÔc. 'Egine

epilog  autoÔ tou trìpou �emelÐwshc lìgw tou megèjouc thc kataskeu c kai thc

apodotikìthtac aut c thc �emelÐwshc gia apofug  diaforik¸n kajiz sewn. Gia na

lhfjeÐ h endosimìthta tou edˆfouc �a topojethjoÔn katakìrufec kulÐseic sta ˆkra

tou ktirÐou gia na upˆrqoun katakìrufec metakin seic kai katakìrufa elat ria

gia na lhfjoÔn h paramorf¸seic tou edˆfouc. Oi pedilodokoÐ �a prosomoiwjoÔn

111



Kefˆlaio 6. Teqnik  èkjesh pentaìrofhc kataskeu c me skurìdema kanonikoÔ �ˆrouc

me grammikˆ stoiqeÐa.

� Dokˆria ìpwc thc seismik c �ìrtishc 1

� PedilodokoÐ:

Pedilodokìc 1 diastˆsewn beff = 1:5m, bw = 0:4m, h = 1m, h f = 0:5m

Pedilodokìc 2 diastˆsewn beff = 1:5m, bw = 0:45m, h = 1m, h f = 0:5m

� SthrÐxeic : Gia na lhfjeÐ h endosimìthta tou edˆfouc �a topojethjoÔn kata-

kìrufa elat ria me deÐkth elathrÐou.

O deÐkthc tou edˆfouc �a lhfjeÐ wc [9],

ks =
0:65 � Es

b � (1 � � 2)

Prìkeitai ìmwc gia grammikˆ stoiqeÐa opìte h stajerˆ tou elathrÐou �a eÐnai

proseggistikˆ,

k =
0:65 � 30MPa

1 � 0:22
= 20000 KN=m 2

Gia na mhn upˆrqoun orizìntiec metakin seic �a topojethjoÔn stouc kìmbouc

katakìrufec kulÐseic.

Sq ma 6.6: Statikì prosomoÐwma 3

Krit ria eklog c diastˆsewn

ˆ DokoÐ: To plˆtoc se tètoia ktiriakˆ lambˆnetai sun jwc wc 0:25 � 0:3m. To Ôyoc epi-

lèqjhke wc to diplˆsio tou plˆtouc kai elègqjhke sthn sunèqeia ìti gia thn anhgmènh
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6.4 Statikì prosomoÐwma �orèa

UpostÔlwma oriakˆ � � 0:65 IkanopoÐhsh sunˆfeiac

1 30 35
2 40 40
3 45 45

PÐnakac 6.2: Pleurèc upostulwmˆtwn( cm) gia perÐptwsh � = 2200 kg=m 3

�op  ikanopoioÔntai ta ìria gia diarro  tou oplismoÔ kai efarmog c plastik c a-

nˆlushc.

ˆ Kol¸nec : Tupikˆ sthn �ibliografÐa epishmaÐnetai ìti h diˆstash twn upostulwmˆtwn

kajorÐzetai apì ton periorismì thc anhgmènhc axonik c, sthn perÐptwsh kathgorÐac

mèshc plastimìthtac, (� seis � 0:65 ). Sthn sugkekrimènh perÐptwsh ìmwc, krÐsimoc

èlegqoc  tan h apaÐthsh sunˆfeiac twn diam kwn oplism¸n stouc kìmbouc mèsw tou

periorismoÔ twn diamètrwn. Sunep¸c ègine �eltistopoÐhsh twn diastˆsewn twn upo-

stulwmˆtwn me krit rio thn ikanopoÐhsh tou elègqou apaÐthshc sunˆfeiac stouc

kìmbouc me kˆtw ìrio twn diam kwn oplism¸n na eÐnai 12mm . Sugkekrimèna �aÐno-

ntai oi prokÔptousec diastˆseic sto sq ma 6.2.

ˆ PedilodokoÐ: L fjhke to sunolikì Ôyoc wc to 1/6 tou anoÐgmatoc [9].Ja lhfjeÐ to

pˆqoc tou kormoÔ apì ta upostul¸mata pou sthrÐzei. To pˆqoc tou pèlmatoc �a

eÐnai to elˆqisto, dhlad  h f = 0:5m katˆ EKWS.

FortÐa

ˆ Plˆka tupikoÔ orìfou,

G1 = 1:5KPa

Q = 2KPa

ˆ FortÐa Ðdiwn �ar¸n dok¸n, upostulwmˆtwn kai pedilodok¸n prokÔptoun apeujeÐac

apì to prìgramma.

ˆ ToiqopoiÐec lambˆnontai sta akrianˆ dokˆria wc, G = 3:6KPa � 2:5m = 9:2KN=m

dedomènou ìti elˆqisto Ôyoc twn akrian¸n dok¸n eÐnai h = 0:5m.

SeismikoÐ sunduasmoÐ

Gia ta 3 prosomoi¸mata �a qrhsimopoihjoÔn oi antÐstoiqoi sunduasmoÐ

ˆ Statikì sÔsthma 1:

1:35 � G + 1:5 � Q, gia elègqouc OKA. Stic dokoÔc den �a gÐnei èlegqoc �el¸n kai

�hgmˆtwshc opìte den apaiteÐtai na lhfjeÐ h �ìrtish G + 0:3Q

ˆ Statikì sÔsthma 2:

G + 0:3 � Q + Ex + 0:3 � Ey , gia elègqouc OKA

G + 0:3 � Q, gia touc ikanotikoÔc elègqouc.
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ˆ Sto statikì sÔsthma 3:

G + 0:3 � Q + Ex + 0:3 � Ey gia ton upologismì twn seismik¸n metakin sewn

G+0:3 � Q+1:4 � Ex +0:42 � Ey gia ton upologismì twn entˆsewn stic pedilodokoÔc. Gia

na mhn apaithjoÔn ikanotikoÐ èlegqoi �a lhfjeÐ suntelest c epaÔxhshc acD = 1:4.

ProsomoÐwsh me H/U

Ena apì ta � mata sqediasmoÔ eÐnai h prosomoÐwsh tou �orèa ston H/U. Gia ton

lìgo autì �a parousiasteÐ h diadikasÐa prosomoÐwshc ìpwc pragmatopoi jhke gia ton

sqediasmì tou sugkekrimènou �orèa me qr sh tou progrˆmmatoc SAP2000 © .

ˆ DhmiourgÐa kannˆbou kai plaisÐou

Sunolikì m koc-plˆtoc eÐnai 18m me exwterikèc dokoÔc b = 0:25m kai eswterikèc

dokoÔc b = 0:3m, sunep¸c oi akrianèc dokoÐ èqoun m koc 5:875 m ! 5:90m kai oi

eswterikèc èqoun m koc 6m

Gia to Ôyoc ìlec oi stˆjmec tou statikoÔ prosomoi¸matoc èqoune Ôyoc 3m ektìc apì

to isìgeio pou èqei Ôyoc 3m + 0:5m � hslab
2 = 3m + 0:5m � 0:18m

2 = 3:41 ! 3:5m

ˆ Eisagwg  ulikoÔ

ˆ Orismìc diafragmˆtwn

ˆ Eisagwg  diatom¸n grammik¸n �orèwn

Gia thn statik  �ìrtish kai thn seismik  �ìrtish Ja apomeiwjoÔn oi streptikèc

duskamyÐec twn dok¸n sto 10 % twn arqik¸n.

Gia thn seismik  �ìrtish epiplèon �a apomeiwjoÔn oi �opèc adrˆneiac ìlwn twn

stoiqeÐwn katˆ 50 %.

ˆ Eisagwg  diatom¸n plak¸n

ˆ Eisagwg  sunoriak¸n sunjhk¸n

ˆ DiakritopoÐhsh twn plak¸n

ˆ Eisagwg  peript¸sewn �ìrtishc kai �ortÐsewn

ˆ Eisagwg  seismikoÔ �ˆsmatoc

ˆ Orismìc sunduasm¸n �ìrtishc

ˆ Eisagwg  �ortÐwn se grammikoÔc �oreÐc-plˆkec

ˆ DhmiourgÐa tom¸n QrhsimopoioÔntai gia ton èlegqo tou suntelest  euaisjhsÐac-

sqetik c metakÐnhshc orìfou.

ˆ DiakritopoÐhsh twn pedilodok¸n Efarmìzetai stic pedilodokoÔc gia thn eisagw-

g  twn katakìrufwn elathrÐwn.

ˆ Eisagwg  elathrÐwn stic pedilodokoÔc
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PerÐptwsh seismikoÔ sunduasmoÔ 2

(aþ)DhmiourgÐa kannˆbou (�þ) Eisagwg  ulikoÔ

(gþ)Orismìc diafragmˆtwn (dþ)Diatom  pedilodokoÔ 1

Sq ma 6.7: ProsomoÐwsh seismikoÔ sunduasmoÔ 2 meSAP2000 © (1)
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(aþ)Diatomèc epifanei¸n
(�þ) Eisagwg  sunoriak¸n sunjh-
k¸n

(gþ)DiakritopoÐhsh twn plak¸n

Sq ma 6.8: ProsomoÐwsh seismikoÔ sunduasmoÔ 2 meSAP2000 © (2)
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(aþ)Eisagwg  peript¸sewn �ìrtishc (�þ) Eisagwg  �ortÐsewn

(gþ)Eisagwg  seismikoÔ �ˆsmatoc (dþ)Eisagwg  sunduasm¸n �ìrtishc

Sq ma 6.9: ProsomoÐwsh seismikoÔ sunduasmoÔ 2 meSAP2000 © (3)
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(aþ)Eisagwg  �ortÐwn se grammikoÔc �oreÐc (�þ) DhmiourgÐa tom¸n

(gþ)DiakritopoÐhsh twn pedilodok¸n (dþ)Eisagwg  elathrÐwn stic pedilodokoÔc

Sq ma 6.10: ProsomoÐwsh seismikoÔ sunduasmoÔ 2 meSAP2000 © (4)

6.5 'Elegqoc orizìntiwn metakin sewn kai plastimìthta

Plastimìthta( EC8 -§5.2.3.4)

Apì to statikì prosomoÐwma h idioperÐodoc thc 1hc idiomorf c eÐnai,

T1 = 1:23s > T c = 0:5s

Sunep¸c h apaitoÔmenh plastimìthta twn diatom¸n eÐnai,

� � = 2 � q � 1 = 2 � 3:9 � 1 = 6:8

Orizìntiec metakin seic( EC8 -§4.4)

Gia ton seismì sqediasmoÔ �a prèpei na upologistoÔn gia ìlouc touc orìfouc oi sqe-

tikèc metakin seic( drift ). Gia autèc tic metakin seic upˆrqei periorismìc katarq n gia thn

meÐwsh twn �ainomènwn deutèrac tˆxhc allˆ kai periorismìc gia na thn apofug  
hmi¸n
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sta yajurˆ stoiqeÐa thc kataskeu c.

Ta �ainìmena deutèrac tˆxhc periorÐzontai mèsw tou suntelest  euaisjhsÐac sqetik¸n me-

takin sewn �, ìpou se kˆje perÐptwsh apaiteÐtai � < 0:3 kai sthn perÐptwsh ìpou � > 0:1

apaiteÐtai o èlegqoc �ainomènwn deutèrac tˆxhc.

� =
Ptot � d t

Vtot � h

Gia thn apofug  
hmi¸n sta yajurˆ stoiqeÐa thc kataskeu c, prèpei,

d t � � < 0:01 � h

'Opou gia sun jeic kataskeuèc � = 0:5

Telikˆ prokÔptei,

PÐnakac 6.3: 'Elegqoc orizìntiwn metakin sewn SKB

6.6 Analutikìc sqediasmìc dokoÔ 1

GewmetrikoÐ periorismoÐ

ˆ Gia oioneÐ-mìnimec katastˆseic ( EC2-§5.9(3) )

l0t

b
=

5:4m

0:25m
= 21 :6 �

50

(h=b )1=3
=

50

(50=25 )1=3
= 39 :7

ˆ Gia kataskeuèc mèshc plstimìthtac apaitoÔntai oi ex c gewmetrikoÐ periorismo-

Ð (EC8-§5.4.1.2.1), bw � min (bc + hw ; 2 � bc) kai e � bc=4

bw = 0:25m < min (bc + hw ; 2 � bc) = min (0:35m + 0:5m; 2 � 0:35m ) = 0:7m

e = (0:35m � 0:25m )=2 = 0:05 � 0:35=4 = 0:08

AutoÐ oi gewmetrikoÐ periorismoÐ ikanopoioÔntai se ìlec tic dokoÔc

Epikˆluyh dok¸n ( EC2 -§4.4.1)

Gia touc sundet rec F8,

cmin;b = 8mm

cmin;dur = 15mm
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� cdur;
 = � cdur;st = � cdur;add = 0

cmin = max (cmin;b ; cmind;dur + � cdur;
 � � cdur;st � � cdur;add ; 10mm ) =

max (8; 15 ; 10 )mm = 15mm

cnom = cmin + � cdev = 15mm + 10mm = 25mm

Gia touc diam keic oplismoÔc,

cmin;b = 18mm

cmin;dur = 15mm

� cdur;
 = � cdur;st = � cdur;add = 0

cmin = max (cmin;b ; cmind;dur + � cdur;
 � � cdur;st � � cdur;add ; 10mm ) =

max (18 ; 15 ; 10 )mm = 18mm

cnom = cmin + � cdev = 18mm + 10mm = 28mm

KrÐsimh eÐnai h epikˆluyh twn sundet rwn afoÔ, 25 + 8 > 28 ,

d1 = cnom + F=2 = 25 + 8 = 33mm

TopojeteÐtai d1 = 40mm

Entˆseic apì sunduasmoÔc �ortÐsewn

PÐnakac 6.4: Entˆseic dokoÔ 1

Periorismìc anhgmènhc �op c gia plastik  anˆlush( EC8 -§5.6.3)

� max =
Mseis

b � d 2 � fcd
=

110 KNm

0:25m � (0:46m )2 � 13 :3MPa
= 0:15 < 0:295

Oplismìc gia apl  kˆmyh( EC2 -§6.1)

ˆ Exwterik  st rixh kˆtw

Sunergazìmeno plˆtoc gia seismik  �ìrtish( EC8-§5.4.3.1.1)

beff = bw + 2 � h f = 0:25 + 2 � 0:15 = 0:55

� =
M

beff � d 2 � fcd
=

22KNm

0:55m � (0:46m )2 � 13 :3MPa
= 0:015
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Apì pÐnakec plakodokoÔ, anexˆrthta apì ton lìgo
h f

d

! = 0:016

As = ! � beff � d �
fcd

fyd
= 0:016 � 55cm � 46cm �

13 :3

435
= 1cm2

ˆ Exwterik  st rixh pˆnw

� =
M

beff � d 2 � fcd
=

93

0:25 � 0:46 2 � 13 :3MPa
= 0:13

Apì pÐnakec plakodokoÔ,

! = 0:14

As = ! � bw � d �
fcd

fyd
= 0:14 � 25cm � 46cm �

13 :3MPa

435
= 4:9cm2

ˆ 'Anoigma kˆtw

Msup 1� = 64KNm

� =
M

beff � d 2 � fcd
=

64KNm

1:25m � (0:46m )2 � 11 :3MPa
= 0:02

Apì pÐnakec plakodokoÔ,

! = 0:02

As = ! � beff � d �
fcd

fyd
= 0:02 � 125 cm � 46cm �

11 :3

435
= 3cm2

ˆ Eswterik  st rixh kˆtw

Msup 1+ = 2KNm

Praktikˆ mhdenik  �op 

ˆ Eswterik  st rixh pˆnw

� =
M

beff � d 2 � fcd
=

110

0:25 � 0:46 2 � 13 :3MPa
= 0:16

Apì pÐnakec plakodokoÔ,

! = 0:175

As = ! � bw � d �
fcd

fyd
= 0:175 � 25cm � 46cm �

13 :3MPa

435
= 6:2cm2

Elˆqistoc efelkuìmenoc oplismìc( EC8 -§5.4.3.1.2)

� s;min = 0:5 �
fctm

fyk
= 0:5 �

2:2

500
= 0:22%

As;min = � s;min � b � d = 0:22 � 25cm � 46cm = 2:53cm2
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PragmatopoioÔmenoc efelkuìmenoc oplismìc

ˆ St rixh 1 pˆnw 4F14(6.2 cm2)

ˆ St rixh 2 pˆnw 5F14(7.7 cm2)

Elˆqistoc �libìmenoc gia krÐsimec perioqèc ( EC8 -§5.4.3.1.2(4) )

TopojeteÐtai o apaitoÔmenoc �libìmenoc oplismìc kai epiplèon to misì tou efelkuìme-

nou oplismoÔ

ˆ St rixh 1:

As;min = As;rqd + 0:5 � As;top = 1cm2 + 0:5 � 6:2cm2 = 4:1cm2

ˆ St rixh 2

As;min = As;rqd + 0:5 � As;top = 0:5 � 7:7cm2 = 3:9cm2

PragmatopoioÔmenoc �libìmenoc oplismìc

TopojetoÔntai 3F14(4.6 cm2)

Mègistoc efelkuìmenoc-krÐsimec perioqèc ( EC8 -§5.4.3.1.2(4) )

� s;max = � 0+
0:0018 � fcd

� � � � sy;d � fyd
=

� 0+
0:0018 � 13 :3

6:8 � 0:00217 � 435
= � 0+ 0:37%

Exwterik -eswterik  st rixh

� s;max = � 0+ 0:37% =
4:6cm2

25cm � 46cm
+ 0:37% = (0:4 + 0:37 )% = 0:77%

As;max = � s;max � b � d = 0:0077 � 25cm � 46cm = 8:9cm2

Mègistec diˆmetroi ( EC2 -§5.6.2.2)

Exwterik  st rixh

Nmin = 360 KN

� =
N

bc � hc � fcd
=

360

0:35 � 0:35 � 13 :3 � 1000
= 0:22

dbL

hc
� 7:5 � (1 + 0:8 � � d ) �

fctm

fyd
� 7:5 � (1 + 0:8 � 0:22 ) �

2:2

435
= 0:045 !

dbl � 0:045 � 0:35m = 15 :7mm

Eswterik  st rixh

Nmin = 700 KN
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6.6 Analutikìc sqediasmìc dokoÔ 1

� =
Nmin

bc � hc � fcd
=

1000

0:42 � 13 :3
= 0:32

� max = 0:77%

� 0 = 0:4%

dbL

hc
� 7:5 �

1 + 0:8� d

1 + 0:5 � � 0

� max

�
fctm

fyd
= 7:5 �

1 + 0:8 � 0:24

1 + 0:5 � 0:004
0:0077

�
2:2

435
= 0:038

dbL = 0:038 � bc = 0:038 � 400 mm = 15 :2mm

Egkˆrsiec entˆseic

ˆ Apì sunduasmoÔc �ortÐsewn

PÐnakac 6.5: Egkˆrsiec entˆseic

ˆ Ikanotikìc sqediamìc( EC8 -§5.4.2.2)

Exwterik  st rixh

Gia na megistopoihjeÐ h tèmnousa sthn exwterik  �op  lambˆnetai h perÐptwsh sei-

smoÔ pou eÐnai �etik  h �op  sthn exwterik  st rixh kai arnhtik  sthn eswterik 

Sthn dokì,
d1

h
=

0:04

0:5
= 0:08 ! 0:10

Sthn exwterik  st rixh,

! =
As � fyd

b � h � fcd
=

(6:2 + 4:6) � 435

25 � 50 � 13 :3
= 0:28

! 1=! 2 = 0:75

� Rd+ = 0:14

Sthn eswterik  st rixh,

! =
As � fyd

b � h � fcd
=

(7:7 + 4:6) � 435

25 � 50 � 13 :3
= 0:32

! 2=! 1 = 7:7=4:6 = 1:67 ! 1:5

� Rd+ = 0:1

VEd =
P

� � b � h 2 � fcd

lcl
+ VG+0:3Q =

(0:14 + 0:1) � 0:25m � (0:5m )2 � 13 :3MPa

5:4m
+ 44KN = 37KN + 44KN = 81KN
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Eswterik  st rixh AntistoÐqwc sthn eswterik  st rixh,

d1

h
=

0:04

0:5
= 0:08 ! 0:10

Sthn exwterik  st rixh,

! =
As � fyd

b � h � fcd
=

(6:2 + 4:6) � 435

25 � 50 � 13 :3
= 0:28

! 2=! 1 = 0:135 ! 1:25

� Rd � = 0:11

Sthn eswterik  st rixh,

! =
As � fyd

b � h � fcd
=

(7:7 + 4:6) � 435

25 � 50 � 13 :3
= 0:32

! 1=! 2 = 0:59 ! 0:5

� Rd+ = 0:18

VEd =
P

� � b � h 2 � fcd

lcl
+ VG+0:3Q =

(0:11 + 0:18 ) � 0:25m � (0:5m )2 � 13 :3MPa

5:4m
+ 47KN = 43KN + 47KN = 90KN

Oi tèmnousec kajorÐzontai apì ton ikanotikì sqediasmì,

Vsup;out = 96KN

Vsup;in = 90KN

Egkˆrsioi oplismoÐ( EC2 -§6.2.3)

O suntelest c asfˆleiac ulikoÔ tropopoieÐtai gia touc egkˆrsiouc sundet rec

fywd = 0:8 � fywk = 0:8 � 500 MPa = 400 MPa

Sthn st rixh(upèr thc asfaleÐac),

VEd = 90KN

Asw

s
=

VEd

z � fywd � cot(� )
=

90KN

0:9 � 0:46m � 40KN=cm 2 � cot(� )
= 2:1cm2

Gia ditm touc sundet rec F8 èqoume,

Asw = 1cm2 ! s = Asw =2:1 = 47cm

M koc krÐsimhc perioq c( EC8 -§5.4.3.1.2(1) )

Lcr = hw = 0:5m
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6.6 Analutikìc sqediasmìc dokoÔ 1

Elˆqisth diˆmetroc sundet rwn( EC8 -§5.4.3.1.2)

dbw � 6mm

Elˆqistec apostˆseic entìc krÐsimwn perioq¸n( EC8 -§5.4.3.1.2)

sw � min (8 � dbL ; hw =4; 24 � dbw ; 225 mm ) = min(8 � 1:; 50=4; 24 � 0:8)cm =

min(11 :2; 12 :5; 19 )cm = 11cm

Elˆqistec apostˆseic ektìc krÐsimwn perioq¸n( EC2 -§9.2.2)

s � 0:75 � d = 0:75 � 46cm = 34cm

Elˆqistoc egkˆrsioc oplismìc( EC2 -§9.2.2)

� w;min = 0:08 �
p

fck

fyk
= 0:08 �

p
20500 = 0:7o=oo

s �
Asw

bw � � w;min
=

1cm2

25cm � 0:0007
= 57cm

Mègisth tèmnousa antoq c( EC2 -§6.2.3)

z = 0:9 � d = 0:9 � 0:46m = 0:41m

� 1 = 0:6 � (1 �
fck

250
) = 0:6 � (1 �

20

250
) = 0:55

VRd;max = acw � bw � z � � 1 � fcd �
cot(� )

1 + cot(� )2
=

1 � 25cm � 42cm � 0:55 � 1:33KN=cm 2 � 2:5=(1 + 2:52) = 265 KN

PragmatopoioÔmenoc diam khc kai egkˆrsioc oplismìc

Diam khc oplismìc

ˆ Exwterik  st rixh 4F14 pˆnw

ˆ Eswterik  st rixh 5F14 pˆnw

ˆ 3F14 kˆtw

Egkˆrsioc oplismìc

ˆ KrÐsimh perioq  1: F8/11
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ˆ KrÐsimh perioq  2: F8/11

ˆ 'Anoigma: F8/34

Parˆ to gegonìc ìti ègine orizìntia omadopoÐhsh twn dok¸n an omadopoi soume tic

dokoÔc katˆ Ôyoc anˆ 2 stˆjmec qreiˆzetai na lujoÔn ˆllec 11 peript¸seic gia aut n th

perÐptwsh puknìthtac. Gia na apofeuqjeÐ aut  h qronobìra diadikasÐa ègine automatopo-

Ðhsh thc diadikasÐac epÐlushc dok¸n me qr sh tou H/U. Sugkekrimèna gia thn perÐptwsh

thc dokoÔ 1,

PÐnakac 6.6: PÐnakac sqediasmoÔ me H/U

Me qr sh twn elègqwn thc dokoÔ 1-stˆjmhc 1 krÐjhke ìti to �Ôllo eÐnai ikanì gia ton

èlegqo twn dok¸n.
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6.7 Analutikìc sqediasmìc upostul¸matoc 1-stˆjmhc 1

6.7 Analutikìc sqediasmìc upostul¸matoc 1-stˆjmhc 1

Epikˆluyh

ApaitoÔmenh epikˆluyh eÐnai Ðdia me aut  twn dok¸n, allˆ topojeteÐtai d1 = 50mm

Entˆseic

Gia thn statik  �ìrtish lambˆnontai oi entˆseic apì to statikì prìgramma. Gia thn

seismik  �ìrtish lambˆnontai oi mègistec timèc twn �op¸n kai h elˆqisth axonik . Tupikˆ

�a èprepe na exetastoÔn ìlec oi peript¸seic kai na lhfjeÐ h dusmenèsterh, �èbaia mia

tètoia prosèggish �a  tan upologistikˆ dusqer c. Lambˆnontai loipìn oi mègistec �opèc

kai h elˆqisth axonik  pou den antistoiqoÔn se sugkekrimèno seismikì sunduasmì allˆ

eÐnai upèr thc asfaleÐac.

PÐnakac 6.7: Entˆseic apo sunduasmoÔc drˆsewn upostul¸matoc 1

Gia thn l yh twn atelei¸n apaiteÐtai h metajetìthta tou plaisÐou

Metajetìthta plaisÐou

Ja kajoristeÐ h metajetìthta tou plaisÐou gia statik  kai seismik  �ìrtish,

ˆ Statik  �ìrtish( EC2 -§5.8.3.3)

X
Ic = 4 � 0:45m4=12 + 8 � 0:55 4=12 + 4 � 0:64=12 = 0:1179 m4

Ecd =
Ecm

1:2
= 25GPa

F�;Ed = 27126 KN > 0:31 �
ns

ns + 1:6
�

P
Ecd � Ic

L2
=

0:31 �
5

5 + 1:6
�

P
25GPa � 0:1179 m4

(15 :5m )2
= 2881 KN

Prìkeitai gia metajetì plaÐsio.

ˆ Seismik  �ìrtish( EC8 -§4.4.2.2(2) ) Dedomènou ìti � > 0:1 gia toulˆqiston mÐa

stˆjmh �ewreÐtai metajetì to plaÐsio.
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Gewmetrikèc atèleiec( EC2 -§5.2)

Ja lhfjeÐ h epirro  twn atelei¸n memonwmèna sta upostul¸mata.

Gia to upostÔlwma 1,

� h =
2
p

l
=

2
p

3:5
= 1:07 ! 2=3 � � h = 1:07 � 1 ! � h = 1

� i = � 0 � � h � � m =
l

200
� � h � � m =

1

200
� 1 � 1 = 0:005

AfoÔ prìkeitai gia metajetì plaÐsio

H i = � i � N = 0:005 � N

Tropopoihmènec entˆseic me l yh twn atelei¸n

PÐnakac 6.8: Entˆseic me atèleiec sto upostÔlwma 1

Anhgmèna megèjh

Tropopoi¸ntac tic entˆseic na gÐnoun adiˆstatec,

PÐnakac 6.9: Anhgmèna megèjh entˆsewn sto upostÔlwma 1

Periorismìc anhgmènhc axonik c( EC8 -§5.4.3.2.1)

Mègisth axonik  ìpwc prokÔptei apì to prìgramma eÐnai,

Nseis;max = 611 KN

� seis;max =
611 KN

(0:35m )2 � 13 :3MPa
= 0:38

Prìkeitai gia �orèac mèshc plastimìthtac opìte,

� seis;max = 0:38 < 0:65
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Upologismìc oplismoÔ gia diaxonik  kˆmyh( EC2 -§6.1)

Sthn diatom 
db

b
=

dh

h
=

0:05

0:35
= 0:14 ! 0:15

Me qr sh twn diagrammˆtwn diaxonik c kˆmyhc gia omoiìmorfo oplismì kai db
b = 0:15

PÐnakac 6.10: ApaitoÔmenoc oplismìc gia diaxonik  kˆmyh

Dhlad  apaiteÐtai,

As = ! � b � d �
fcd

fyd
= 0:2 � (35cm)2 �

13 :3

435
= 7:5cm2

Elˆqistoc oplismìc( EC8 -§5.4.3.2.2)

� min = 1% ! As;min = 0:01 � bc � hc = 0:01 � 35cm � 35cm = 12 :3cm2

Elˆqistoc arijmìc oplism¸n anˆ pleurˆ( EC8 -§5.4.3.2.2)

Anˆ pleurˆ prèpei na topojethjoÔn 3 oplismoÐ

PragmatopoioÔmenoi oplismoÐ

TopojetoÔntai 8F16 ( 16 :1cm2)

Tom  diatom c

Sq ma 6.11: Tom  upostul¸matoc 1
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Energì m koc plaisÐou( EC2 -§5.8.3.2)

Gia thn kolìna

Ic
L

= (
bc � h 3

c

12
)=L = (

(350 mm )4

12
)=3300 mm = 378946 mm 3

Gia thn suntrèqousa exwterik  dokì,

M

�
= 4 �

Ic

L
= 4 �

250 mm � (500 mm )3

12
=5400 mm � 0:5 = 482253 mm 3

Gia ton upologismì twn deikt¸n eukamyÐac, Sthn �ˆsh lambˆnetai pˆktwsh,

k1 = 0

Sthn kefal  tou upostul¸matoc,

k2 =
X

(
�

M
)b �

Ic

L
= 2 �

378946 mm 3

482253 mm 4
= 1:6

PerÐptwsh metajetoÔ plaisÐou

l0 = l � max (

r

1 + 10 �
k1 � k2

k1 + k2
; (1 +

k1

1 + k1
) � (1 +

k2

1 + k2
)) =

l � max (

r

1 + 10 �
0 � 1:6

0 + 1:6
; (1 +

0

1 + 0
) � (1 +

1:6

1 + 1:6
)) =

l � max (1; 1:6) = 1:6 � l = 1:6 � 3:3m = 5:3m

Apallag  apì èlegqo lugismoÔ( EC2 -§5.8.3.1)

Gia thn statik  �ìrtish,

A = 0:7

! =
As � fyd

Ac � fcd
=

20 :25cm2 � 435 MPa

45cm2 � 11 :3MPa
= 0:38

B =
p

1 + 2 � ! =
p

1 + 2 � 0:38 = 1:3

rm =
M01

M02
= 1

C = 1:7 � rm = 0:7

� lim = 20 � A � B � C=
p

n = 20 � 0:7 � 1:3 � 0:7=
p

0:33 = 22

Gia eÔresh thc pragmatik c lughrìthtac gia statik  �ìrtish,

AktÐna adrˆneiac gia arhgmˆtwth diatom ,

i =

r
I

A
=

r
b � h 3=12

b � h
=

p
h 2=12 = 0:289 � h = 0:289 � 0:35m = 0:1m
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� = l0=i = 5:3=0:1 = 53 > � lim

Sunep¸c apaiteÐtai èlegqoc lugismoÔ gia statik  �ìrtish

Ta krit ria eÐnai dusmenèstera gia thn seismik  �ìrtish opìte apaiteÐtai èlegqoc lugismoÔ

kai gia thn seismik  �ìrtish

'Elegqoc lugismoÔ( EC2 -§5.8.8)

ˆ Statik  �ìrtish

lambˆnontac mìno touc akrianoÔc oplismoÔc(upèr thc asfˆleiac),

! =
12 :1 � 435 MPa

(35cm)2 � 11 :3MPa
= 0:38 ! ! = 0:4

Lambˆnetai
l0
h

=
5:3m

0:35m
= 15 :1 ! 20

d1

h
= 0:15

Den �a lhfjeÐ upìyin o erpusmìc ston lugismì.

Gia thn apofug  pollapl¸n elègqwn lambˆnetai apì touc seismikoÔc sunduasmoÔc

oi mègistec �opèc kai axonikèc(upèr thc asfaleÐac). Apì diagrˆmmata lugismoÔ gia

! = 0:4, � = 0:5, d1=h = 0:15

� = 0:03 < � Rd = 0:13

ikanopoieÐtai

Seismik  �ìrtish

! =
12 :1cm2 � 435 MPa

(35cm)2 � 13 :3MPa
= 0:33

Apì diagrˆmmata lugismoÔ gia ! = 0:3, � = 0:4, d1=h = 0:15

� = 0:11 < � Rd = 0:12

ikanopoieÐtai

Entˆseic tèmnousac

ˆ Mègisth apì sunduasmoÔc,

VEd = 31KN

ˆ Apì ton ikanotikì èlegqo,

! =
16 :1 � 435

35 2 � 13 :3
= 0:43
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Gia thn dusmenèsterh perÐptwsh �a lhfjeÐ

NSLS = 611 KN

� SLS =
611 KN

(0:35m )2 � 13 :3MPa
= 0:38

Apì diagrˆmmata diaxonik c kˆmyhc

mult = 0:23

MRd+ = MRd � = mult � bc � h 2
c � fcd = 0:23 � (0:35m )3 � 13 :3MPa = 132 KNm

VEd = 
 Rd �
MRd+ + MRd �

lcl
= 1:1 �

2 � 132 KNm

2:5m
= 120 KN

l fjhke m koc upostul¸matoc 2:5m gia na kalufjoÔn kai oi upìloipec stˆjmec.

Upologismìc egkˆrsiwn oplism¸n

Asw

s
=

VEd

z � fywd � cot(� )
=

120 KN

0:9 � 0:4m � 400 MPa � 2:5
= 3:3cm2

'Elegqoc mègisthc tèmnousac( EC2 -§6.2.3)

acw = 1

bw = 0:45m

z = 0:9 � d = 0:9 � 0:40m = 0:36m

� 1 = 0:6 � (1 �
fck

250
) = 0:55

VRd;max = acw � bw � z � � 1 � fcd �
cot(� )

1 + (cot(� ))2
=

1 � 45cm � 36cm � 0:55 � 1:33KN=cm 2 �
2:5

1 + 2:52
= 410 KN

Elˆqistec diamètrouc

dbw � max (6mm; d bL =4) = max (6mm; 16mm=4) = 6mm

Diˆtaxh sundet rwn ektìc krÐsimwn perioq¸n( EC2 -§9.5.3)

sw = min (20 � dbL ; hc; bc; 400 mm ) = min (20 � 16mm; 350 mm; 350 mm; 400 m ) = 32cm
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Se perioqèc uperkˆluyhc,

sw = min (12 � dbL ; 0:6 � hc; 0:6 � bc; 240 mm ) =

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

Diˆtaxh sundet rwn entìc krÐsimwn perioq¸n( EC8 -§5.2.3.4)

sw = min (8 � dbL ; b0=2; 175 mm ) = min (8 � 16 ; 274 =2; 175 )mm = 12cm

Oplismìc perÐsfixhc gia plastimìthta( EC8 -§5.4.3.2.2)

bi =
350 mm � 2 � 50mm

2
= 125 mm

b0 = 350 mm � 2 � 50mm + 16mm + 8mm = 274 mm

Genikˆ

! � 0:08

Gia F8/10,

! wd =
P

bi � Asw � fyd

b2
0 � s � fcd

=
(27 :6 � 4 + 19 :5 � 4) � 0:5 � 435

27 :6 � 27 :6 � 10 � 13 :3
= 0:4

an = 1 �
X b2

i

6 � b0 � h0
= 1 �

8 � (125 mm )2

6 � 276 mm � 276 mm
= 0:73

as = (1 �
s

2 � b0
) � (1 �

s

2 � h0
) = (1 �

100

2 � 276
) � (1 �

100

2 � 276
) = 0:67

a = an � as = 0:73 � 0:67 = 0:49

a! wd = 0:47 � 0:49 � 0:4 = 0:2

30 � � � � � d � � sy;d �
bc

b0
� 0:035 = 30 � 6:8 � 0:37 � 0:00217 �

0:35

0:28
� 0:035 = 0:17

ParathreÐtai ìti topojet jhkan oi elˆqistoi diam keic oplismoÐ opìte �a gÐnei o sqedia-

smìc twn upostulwmˆtwn mìno tou isogeÐou

M koc krÐsimhc perioq c( EC8 -§5.4.3.2.2)

lcr = max(hc; bc; 0:45m; l c=5) = max(0:35m; 0:35m; 0:45m; 3m=5 = 0:6m

'Elegqoc lugismoÔ gia upìloipec stˆjmec

Gia thn stˆjmh 2 pou auxˆnetai to energì m koc,

k1 = k2 = 1:6
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PerÐptwsh metajetoÔ plaisÐou

l0 = l � max (

r

1 + 10 �
k1 � k2

k1 + k2
; (1 +

k1

1 + k1
) � (1 +

k2

1 + k2
)) =

l � max (

r

1 + 10 �
1:6 � 1:6

1:6 + 1:6
; (1 +

1:6

1 + 1:6
) � (1 +

1:6

1 + 1:6
)) =

l � max (3; 2:6) = 3 � l = 3 � 3m = 9m

Lambˆnetai
l0
h

=
9m

0:35m
= 25

ˆ Statik  �ìrtish

� =
N

bc � hc � fcd
=

625 KN

(0:35m )2 � 11 :3MPa
= 0:45

� =
M0Ed

bc � h 2
c � fcd

=
(36 + 0:005 � 625 )KNm

(0:35m )3 � 11 :3MPa
= 0:08

Apì diagrˆmmata lugismoÔ gia l0=h = 25 , ! = 0:4, � = 0:45 , d1=h = 0:15

Me grammik  parembol , � = (0:16 + 0:06 )=2 = 0:11

� = 0:08 < � Rd = 0:11

ˆ Seismik  �ìrtish

� =
N

bc � hc � fcd
=

470 KN

(0:35m )2 � 13 :3MPa
= 0:29

� =
M0Ed

bc � h 2
c � fcd

=
(54 + 0:005 � 470 )KNm

(0:35m )3 � 13 :3MPa
= 0:1

Apì diagrˆmmata lugismoÔ gia l0=h = 25 , ! = 0:33 , � = 0:3, d1=h = 0:15

Gia l0=h = 20 me grammik  parembol  gia ! = 0:3 kai ! = 0:4

� Rd = 0:1 + (0:165 � 0:1)=(0:4 � 0:2) � (0:33 � 0:2) = 0:14

Gia l0=h = 30 me grammik  parembol  gia ! = 0:3 kai ! = 0:4

� Rd = 0:05 + (0:08 � 0:05 )=(0:4 � 0:2) � (0:33 � 0:2) = 0:07

'Etsi, gia l0=h = 25

� Rd = (0:14 + 0:07 )=2 = 0:105

� = 0:1 < � Rd = 0:105

pou oriakˆ arkeÐ.

Automatopoi¸ntac thn diadikasÐa ektìc apì ton èlegqo tou lugismoÔ, prokÔptei,
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6.8 Sqediasmìc pedilodok¸n

PÐnakac 6.11: Sqediasmìc upostul¸matoc 1

Dedomènou ìti èqoun gÐnei oi upìloipoi èlegqoi me automatopoÐhsh, parousiˆzontai ta

apotelèsmata lugismoÔ sthn 2h stˆjmh pou �ewreÐtai kai krÐsimh sta upostul¸mata 2

kai 3.

a/a � � d 1=h l 0=h ! � Rd

Statik  �ìrtish 0:63 0 :01 0 :15 22 :5 0 :4 0 :12
Seismìc 0:36 0 :07 0 :15 22 :5 0 :33 0 :12

PÐnakac 6.12: 'Elegqoc lugismoÔ upostÔlwma 2-stˆjmh 2

a/a � � d 1=h l 0=h ! � Rd

Statik  �ìrtish 0:73 0 :01 0 :15 20 0 :4 0 :1
Seismìc 0:45 0 :09 0 :15 20 0 :33 0 :12

PÐnakac 6.13: 'Elegqoc lugismoÔ upostÔlwma 3-stˆjmh 2

6.8 Sqediasmìc pedilodok¸n

Periorismìc edafik c pÐeshc

H mègisth katanemhmènh dÔnamh pou prokÔptei eÐnai 265 KN=m . Opìte prokÔptei

tˆsh,

� gr =
265 KN=m

1:5m
= 177 KPa < 200 KPa
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Sqediasmìc pèlmatoc

To pèlma prìkeitai gia perÐptwsh �raqèwn probìlwn.

� sd =
177 KPa � (0:5m )2=2

(0:45m )2 � 11 :3
= 0:01

As = ! � b � d �
fcd

fyd
= 0:01 � 100 cm=m � 45cm � 11 :3=435 = 1:2cm2=m

o opoÐoc eÐnai elˆqistoc. Ja topojethjeÐ plègma T12=10 sto kˆtw mèroc thc plakodokoÔ.

Gia ton sqediasmì twn pedilodok¸n �a lhfjoÔn upìyin oi èlegqoi,

ˆ Apl c kˆmyhc

ˆ Elˆqistou oplismoÔ

ˆ Tèmnousac

ˆ Mègisthc tèmnousac

'Opwc anafèrjhke kai prohgoumènwc oi ikanotikoÐ èlegqoi den apaitoÔntai kaj¸c èqei lh-

�jeÐ suntelest c epaÔxhshc acD = 1:4 Me thn automatopoÐhsh thc diadikasÐac twn dok¸n

qrhsimopoieÐtai to Ðdio �Ôllo gia touc pedilodokoÔc me touc antÐstoiqouc elègqouc.

EpÐshc prèpei na epishmanjeÐ ìti sthn perÐptwsh twn pedilodok¸n upˆrqei elˆqistoc dia-

m khc oplismìc � s = 4o=oo kˆtw kai pˆnw.
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6.9 IkanotikoÐ èlegqoi

Pedilodokìc 1

PÐnakac 6.14: Sqediasmìc pedilodokoÔ 1

6.9 IkanotikoÐ èlegqoi

Sta upostul¸mata topojet jhke o elˆqistoc oplismìc opìte èqoun thn Ðdia �op  anto-

q c katˆ Ôyoc. O ikanotikìc èlegqoc twn kìmbwn apaiteÐtai mìno sthn stˆjmh pou oi dokoÐ

èqoun touc mègistouc oplismoÔc. Sunep¸c �a gÐnoun sthn stˆjmh 1,

ˆ Kìmboc K1-D1

max (MRb+ ; MRb� ) = � max � b � h 2 � fcd = 0:17 � 0:25m � (0:5m )2 � 13 :3MPa = 142 KNm

MRc+ = MRc� = � max � b � h 2 � fcd = 0:2 � (0:35m )3 � 13 :3MPa = 114
X

MRc = 2 � 114 = 228 KNm � 1:3 �
X

MRb = 1:3 � 142 KNm = 185 KNm

ˆ Kìmboc D1-K2-D2 'Opwc èqei sqediasjeÐ o �orèac oi dokoÐ 1-2 èqoun thn Ðdia antoq 

ston kìmbo

X
MRb =

X
� � b � h 2 � fcd = 0:28 � 0:25m � 0:5m � 13 :3MPa = 233 KNm

MRc+ = MRc� = � max � b � h 2 � fcd = 0:2 � (0:40m )3 � 13 :3MPa = 170
X

MRc = 2 � 170 KNm = 340 KNm � 1:3 �
X

MRb = 1:3 � 233 KNm = 303 KNm
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ˆ Kìmboc K2-D3

max (MRb+ ; MRb� ) = � � b � d 2 � fcd = 0:13 � 0:3m � (0:6m )2 � 13 :3MPa = 186 KNm

MRc+ = MRc� = 170 KNm
X

MRc = 2 � 170 KNm = 340 KNm � 1:3 �
X

MRb = 1:3 � 186 KNm = 242 KNm

ˆ Kìmboc D3-K3-D4

X
MRb =

X
� � b � h 2 � fcd = 0:26 � 0:3 � 0:62 � 13 :3MPa = 374

MRc+ = MRc� = � � b � h 2 � fcd = 0:21 � (0:45m )3 � 13 :3MPa = 254 KNm
X

MRc = 2 � 254 KNm = 509 KNm � 1:3 �
X

MRb = 1:3 � 374 = 487 KNm

IkanopoioÔntai oi ikanotikoÐ èlegqoi sthn stˆjmh 1 kai sunep¸c se ìlec tic stˆjmec.

Prèpei na epishmanjeÐ se autì to shmeÐo ìti sqedìn krÐsimoi  tan oi ikanotikoÐ èlegqoi gia

thn diastasiolìghsh twn upostulwmˆtwn.

6.10 Agkur¸seic, uperkalÔyeic kai tÔmpana

Gia tic agkur¸seic �a dhmiourghjeÐ arqikˆ pÐnakac gia,

fctd = fctk =
 c = 1:5MPa=1:5 = 1MPa

PÐnakac 6.15: M kh agkur¸sewn gia SKB

Me dedomèno piˆ ton pÐnaka prèpei na upologisjoÔn ta sunolikˆ m kh twn �ˆbdwn

oplismoÔ gia na gÐnei kostolìghsh tou �orèa.

Plˆkec

Stic eswterikèc sthrÐxeic , oi oplismoÐ �a epektajoÔn sto 1/4 tou m kouc thc dipla-

n c plˆkac.

Stic exwterikèc sthrÐxeic : Gia thn plˆka 1 pou eÐnai h pio dusmen c afoÔ anaptÔssontai

oi megalÔterec �opèc sto ˆnoigma.
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6.10 Agkur¸seic, uperkalÔyeic kai tÔmpana

ˆ Kˆtw oplismìc(eunoðkèc sunj kec): To �asikì m koc agkÔrwshc qwrÐc thn meÐwsh

lìgw tˆsewn eÐnai lb;rqd = 348 mm opìte, me meÐwsh twn tˆsewn

lb;rqd =
Arqd

Aprov
� lb;rqd =

1:6

2:5
� 348 mm = 223 mm

An lhfjeÐ mh eujÔgrammh agkÔrwsh, dedomènou ìti prìkeitai gia efelkuìmeno o-

plismì

lbd = 0:7 � lb;rqd = 0:7 � 223 mm = 157 mm ! 16cm

m koc to opoÐo arkeÐ na epektajeÐ mèsa sto dokˆri.

ˆ Pˆnw oplismìc : Me thn Ðdia logik  gia mh eujÔgrammh agkÔrwsh,

lbd = 23cm

to opoÐo arkeÐ.

DokoÐ

Gia ton oplismì twn dok¸n �a gÐnei h paradoq  ìti to shmeÐo mhdenismoÔ twn �op¸n

den metabˆlletai apì stˆjmh se stˆjmh. Se ìlec tic dokoÔc �a lhfjeÐ uperkˆluyh stouc

kˆtw oplismoÔc kai agkÔrwsh stouc pˆnw. H uperkˆluyh twn dok¸n �a gÐnei amèswc

metˆ thn antÐstoiqh st rixh. Stouc dÔo pˆnw oplismoÔc twn dok¸n �a gÐnei uperkˆluyh.

Ja upologisjoÔn oi agkur¸seic gia tic upìloipec �ˆbdouc. Gia gÐnoun oi agkur¸seic �a

prèpei na lhfjeÐ kai h metatìpish tou diagrˆmmatoc �op¸n lìgw �hgmˆtwshc.

a l = z � (cot� � cota )=2 = 0:9 � 46cm � (2:5 � 0)=2 = 52cm

Sthn st rixh thc dokoÔ 1-stˆjmh 1,

M = 100 KNm

2=5 � M = 40KNm

H opoÐa anaptÔssetai se �èsh xi = 0:6m apì thn st rixh. Opìte apì pareiˆ thc st rixhc

h agkÔrwsh prèpei na gÐnei se apìstash,

l i = xi + lbd + a l � bc=2 = 0:6m + 1m + 1:04m � 0:45m=2 = 2:4m

Ja gÐnei h Ðdia diadikasÐa kai gia touc upìloipouc kìmbouc kai prokÔptei
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PÐnakac 6.16: Agkur¸seic pˆnw oplism¸n stic dokoÔc

PedilodokoÐ

Qrhsimopoi jhkan uperkalÔyeic pˆnw kai kˆtw miac kai topojet jhke o elˆqistoc

oplismìc

Upostul¸mata

Ja lhfjoÔn uperkalÔyeic ìpwc prokÔptoun apì ton pÐnaka

TÔmpana

ArkeÐ na �rejoÔn sthn dusmenèsterh perÐptwsh, dhlad  sthn exwterik  st rixh thc

pedilodokoÔ 1. Gia thn pedilodokì 2 to plˆtoc tou upostul¸matoc eÐnai megalÔtero kai

sunep¸c prìkeitai gia eumenèsterh perÐptwsh.

Sugkekrimèna, [6]

ˆ Kˆtw oplismìc :

Katarq n gia na mhn astoq sei o oplismìc F20

Dmand = 7 � � = 7 � 20mm = 140 mm

Gia Dmand = 450 mm

l1 = bc � d1 � Dmand =2 = 350 mm � 50mm � 450 mm=2 = 75mm

Fbt = As � fyd � l1 � � � � � fbd =

� � (20mm )2=4 � 435 N=mm 2 � 75mm � � � 20mm � 1:75N=mm 2 = 128412 N

Dmand � Fbt � (
1
ab

+ 1
2� �

13 :3
) = 128412 � (

1
50 + 1

2� 20

13 :3
)mm = 435 mm

diˆmetroc h opoÐa arkeÐ.

ˆ Kˆtw oplismìc :Gia ton kˆtw oplismì �a qrhsimopoihjeÐ h Ðdia diˆmetroc tumpˆnou

pou �a arkeÐ kaj¸c eÐnai eunoðkèc oi sunj kec.

Sunep¸c �a qrhsimopoihjeÐ Dmand = 450 mm gia ìlec tic dokoÔc kai pedilodokoÔc. Pro-

�an¸c den upˆrqei kˆpoioc lìgoc na upologisjoÔn oriakˆ ta tÔmpana miac kai den upˆrqei

kˆpoio teqnikì-oikonomikì ìfeloc.
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6.11 Promètrhsh

6.11 Promètrhsh

6.11.1 Skurodèmatoc

PÐnakac 6.17: Promètrhsh skurodèmatoc

6.11.2 Oplism¸n

Plˆkec tupik c stˆjmhc

PÐnakac 6.18: Promètrhsh oplismoÔ plak¸n
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DokoÐ stˆjmhc 1

PÐnakac 6.19: Prometr seic oplismoÔ dok¸n stˆjmhc 1
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6.11.2 Oplism¸n

PedilodokoÐ

PÐnakac 6.20: Promètrhsh oplismoÔ pedilodok¸n
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Upostul¸mata stˆjmhc 1

PÐnakac 6.21: Prometr seic oplismoÔ upostulwmˆtwn
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Kefˆlaio 7

Sqediasmìc me elafroskurìdema

H diadikasÐa eÐnai Ðdia me aut  tou skurodèmatoc kanonikoÔ �ˆrouc.

7.1 Elafroskurìdema me � = 1600

7.1.1 GewmetrÐa, Paradoqèc kai statikì prosomoÐwma �orèa.

ˆ GewmetrÐa : Ta anoÐgmata kai Ôyh eÐnai Ðdia me autˆ tou SKB

ˆ Paradoqèc : EÐnai Ðdiec ektìc apì to Ðdio �ˆroc tou skurodèmatoc. QrhsimopoieÐtai

elafroskurìdema LC20=25 me� = 1600 ! 
 = 17KN=m 3 .

ˆ Statikì prosomoÐwma:

� Plˆkec : Ja lhfjeÐ to Ðdio pˆqoc parìti epitrèpetai apì ton EC2 na lhfjeÐ

mikrìtero pˆqoc. H qr sh mikrìterou pˆqouc �a  tan ektìc pragmatikìthtac

kai ˆneu no matoc gia thn exagwg  sumperasmˆtwn

� DokoÐ: Oi diastˆseic twn dok¸n �a lhfjoÔn Ðdiec.

� Upostul¸mata : 'Opwc sthn perÐptwsh tou SKB oi diastˆseic kajorÐsthkan me

dokimèc ètsi ¸ste na ikanopoieÐtai o èlegqoc sunˆfeiac stouc kìmbouc. 'Etsi kai

sto ES proèkuye,

UpostÔlwma oriakˆ � � 0:65 IkanopoÐhsh sunˆfeiac

1 25 40
2 35 45
3 40 45

PÐnakac 7.1: Pleurèc upostul¸matoc(cm) gia sqediasmì ESEA me � = 1600
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7.1.2 Sqediasmìc plˆkac 1

Epikˆluyh plak¸n ( §4.4.1)

EÐnai Ðdia me aut  tou SKB me epaÔxhsh dc = 5mm opìte,

d1 = 29mm + 5mm = 34mm

Opìte �a lhfjeÐ epikˆluyh d1 = 40mm .

Jewrhtikì ˆnoigma plak¸n

To �ewrhtikì ˆnoigma twn plak¸n eÐnai Ðdio

FortÐa kai entˆseic

G(KPa ) Q(KPa ) p1(KPa ) p2(KPa ) mspan msup Vsup; 1 Vsup; 2

4.05 2 6.3 2.2 7.7 21.1 25.2 17.9

PÐnakac 7.2: FortÐa kai entˆseic plˆkac 1

Elˆqistoc oplismìc

As ; min = min (0:26 � f lctm =fyk ; 0:0013 ) � bt � d =

min (0:26 � n1 � fctm =fyk ; 0:0013 ) � bt � d =

min (0:26 � 0:84 � 2:2MPa=500 MPa; 0:0013 ) � 1200 cm2=m = 1:56cm2=m

ApaitoÔmenoc oplismìc

Sto ˆnoigma

As;span = 1:56cm2=m

Ja topojethjeÐ o elˆqistoc oplismìc, � 8=20 (2:5cm2=m )

Sthn st rixh

As;sup = 4:4cm2=m

ApaiteÐtai 1:9cm2=m opìte �a topojethjeÐ � 8=25 (2cm2=m )

Antoq  diˆtmhshc

k = 1 +

r
200

d
= 1 +

r
200

150
= 2:2 � 2 ! k = 2

ClRd;c =
0:15


 c
=

0:15

1:5
= 0:10

� min = 0:03 � k 3=2 � f 1=2
ck = 0:03 � 23=2 � 20 � 1=2 = 0:38
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7.1.2 Sqediasmìc plˆkac 1

Eswterik  st rixh,

� l =
As1

bw � d
=

2:5 + 2

100 � 15
= 0:3% < 2%

VRd;c = max (CRd;c � k � (100 � � l � fck )1=3 ; � min ) � bw � d =

max (0:1 � 2 � (100 � 0:3% � 20 )1=3 ; 0:38 ) �
1000 mm

1m
� 120 mm =

max (0:36 ; 0:38 ) �
1000 mm

1m
� 120 mm = 43 :2KN

Gia thn exwterik  st rixh,

VEd = 17 :9KN=m < V Rd;c = 43 :2KN=m

Gia thn eswterik  st rixh,

VEd = 25 :2KN=m < V Rd;c = 43 :2KN=m

Rhgmˆtwsh

Sto ˆnoigma

ˆ Upologismìc Ôyouc oudèterou ˆxona,

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

ˆ Upologismìc thc tˆshc ston efelkuìmeno oplismì

Msls =
G + 0:3 � Q

1:35 � G + 1:5 � Q
� � span =

4:05 + 0:3 � 2

1:35 � 4:05 + 1:5 � 2
� 7:7KNm=m = 4:2KNm=m

� s =
Msls

(d � x=3) � As
=

4:2KNm=m

(11 � 2:3=3)cm � 2:5cm2=m
= 164 MPa

ˆ Upologismìc,

Gia makroqrìnia �ìrtish, k t = 0:4

ae =
Es

Ecm
=

200

16
= 12 :5

hc;ef = 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

� �;eff =
As

Ac;eff
=

2:5cm2=m

4:2cm
= 6o=oo

� sm � � cm =
� c � k t � fct;eff

� �;eff
� (1 + ae � � �;eff )

Es
=

164 MPa � 0:4 � 1:8MPa
6o=oo

� (1 + 12 :5 � 6o=oo)

200 GPa
=

0:18 <
� s

Es
= 0:6 �

164 MPa

200 GPa
= 0:49 o=oo ! � sm � � cm = 0:49 o=oo

ˆ Upologismìc mègisthc apìstashc �wgm¸n
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Kefˆlaio 7. Sqediasmìc me elafroskurìdema

s > 5 � d1 = 5 � 3cm = 15cm, opìte sr;max = 1:3 � (h � x ) = 1:3 � (15 � 2:3) = 17cm

ˆ Upologismìc tou plˆtouc twn �wgm¸n

Wk = 0:49 o=oo � 170 mm = 0:08mm

pou ikanopoieÐtai

Sthn eswterik  st rixh

x Msls � c ae hc;eff � �;eff � sm � � cm sr;max w k

3cm 11:6KN=m 320 MPa 12.5 4cm 1:1% 1:23 o=oo 156 mm 0:19mm

PÐnakac 7.3: StoiqeÐa �hgmat¸sewc gia st rixh plˆkac 1

Apallag  apì èlegqo �èlouc

QwrÐc na lˆboume thn diìrjwsh lìgw thc tˆshc oplismoÔ(upèr thc asfaleÐac),

� =
As;rqd

Ac
=

1:56

100 � 12
= 1:3o=oo

� 0 =
p

fck
o=oo =

p
20 o=oo = 4:5o=oo

� < � 0 opìte,

l

d
= 1:3 � [11 + 1:5 �

p
fck �

� 0

�
+ 3:2 �

p
fck � (

� 0

�
� 1)

3=2
] =

1:3 � [11 + 1:5 �
p

20 �
4:5

1:3
+ 3:2 �

p
20 � (

4:5

1:3
� 1)

3=2

] = 100

Lambˆnontac kai thn diìrjwsh gia perÐptwsh elafroskurodèmatoc,

l

d
= n0:15

E � 248 = 0:53 0 :15 � 100 = 91

d =
580

90
= 6:4

pou arkeÐ

Plˆkec 2 kai 3

Me thn Ðdia logik  tou �orèa SKB �a topojethjoÔn ta sÐdera pou topojet jhkan sthn

plˆka 1

7.1.3 'Elegqoc orizìntiwn metakin sewn kai plastimìthta

Plastimìthta

AntistoÐqwc me SKB,

T1 = 1:39s > T c = 0:5s ! � � = 6:8
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7.1.4 Sqediasmìc dok¸n

Orizìntiec metakin seic

PÐnakac 7.4: 'Elegqoc orizìntiwn metakin sewn

7.1.4 Sqediasmìc dok¸n

Diaforèc twn pragmatopoioÔmenwn elègqwn

ˆ Epikˆluyh : H epikˆluyh auxˆnetai katˆ 5mm allˆ d1 = 40mm arkeÐ.

ˆ Elˆqistoc oplismìc : TropopoieÐtai h mèsh efelkustik  antoq , f lctm = n1 � fctm

ˆ Mègisth tèmnousa : TropopoieÐtai o suntelest c � 1 = 0:5 � n1 � (1 � 20
250 ) antÐ tou

arqikoÔ � = 0:6 � (1 � 20
250 )

ˆ IkanopoÐhsh sunˆfeiac stouc kìmbouc : TropopoieÐtai h mèsh efelkustik  anto-

q , f lctm = n1 � fctm

7.1.5 Sqediasmìc upostulwmˆtwn

Diaforèc twn pragmatopoioÔmenwn elègqwn

ˆ Epikˆluyh : H epikˆluyh auxˆnetai katˆ 5mm allˆ d1 = 50mm pou arkeÐ.

ˆ Mègisth tèmnousa : TropopoieÐtai o suntelest c � 1 = 0:5 � n1 � (1 � 20
250 ) antÐ tou

arqikoÔ � = 0:6 � (1 � 20
250 )

ˆ TropopoieÐtai h antoq  gia diaxonik  kˆmyh.

Gia ton lugismì, apì ta diagrˆmmata lugismoÔ pou dhmiourg jhkan gia to SKB kai gia

to ESEA parathreÐtai ìti gia d1=h kai gia ! = 0:4 oi diaforèc �ˆsh twn puknot twn

eÐnai amelhtèec. Sthn perÐptwsh tou ESEA auxˆnontai oi diatomèc twn upostulwmˆtwn kai

tautìqrona mei¸nontai ta �ortÐa, oi èlegqoi pou èginan gia SKB kalÔptoun kai aut n thn

perÐptwsh.

7.1.6 IkanotikoÐ èlegqoi

Parousiˆzontai ta apotelèsmata twn elègqwn,

ˆ Kìmboc K1-D1 X
MRc = 256 KNm � 1:3 �

X
MRb = 108 KNm

149



Kefˆlaio 7. Sqediasmìc me elafroskurìdema

ˆ Kìmboc D1-K2-D2

X
MRc = 437 KNm � 1:3 �

X
MRb = 227 KNm

ˆ Kìmboc K2-D3 X
MRc = 437 KNm � 1:3 �

X
MRb = 186 KNm

ˆ Kìmboc D3-K3-D4

X
MRc = 485 KNm � 1:3 �

X
MRb = 336 KNm

7.1.7 Sqediasmìc pedilodok¸n

ˆ Elˆqistoc oplismìc : TropopoieÐtai h mèsh efelkustik  antoq , f lctm = n1 � fctm

ˆ Mègisth tèmnousa : TropopoieÐtai o suntelest c � 1 = 0:5 � n1 � (1 � 20
250 ) antÐ tou

arqikoÔ � = 0:6 � (1 � 20
250 )

7.1.8 Agkur¸seic, uperkalÔyeic kai tÔmpana

H diaforˆ sthn efelkustik  antoq  ephreˆzei anˆloga ta apaitoÔmena m kh agku-

�¸sewc kai uperkˆluyhc.

f lctd = n1 � fctk =
 c = 0:84 � 1:5MPa=1:5 = 0:84MPa

TropopoieÐtai antÐstoiqa o pÐnakac twn agkur¸sewn.

Plˆkec

Oi agkur¸seic kai ta tÔmpana �a upologisjoÔn me ton Ðdio trìpo pou upologÐsjhkan

sto SKB, prokÔptei,

ˆ Kˆtw oplismìc : Diamorf¸netai mh eujÔgrammh agkÔrwsh me lbd = 19cm

ˆ Pˆnw oplismìc : Diamorf¸netai eujÔgrammh agkÔrwsh me lbd = 28cm kai Dmand =

150 (Me qr sh fctd = 0:8MPa arkoÔse oriakˆ Dmand = 100 allˆ gia ES oi diˆmetroi

twn tumpˆnwn prèpei na auxhjoÔn katˆ 50%

DokoÐ, pedilodokoÐ kai upostul¸mata

UpologÐzontai me ton Ðdio trìpo pou upologÐsthkan sto SKB.

TÔmpana

'Opwc sto SKB arqikˆ upologÐsthke me fctd = 0:8MPa, gia bc = 40cm kai F20 pro-

kÔptei Dmand = 450 mm , gia aÔxhsh katˆ 50% prokÔptei Dmand = 675
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7.2 Elafroskurìdema me � = 1800

[Prèpei na shmeiwjeÐ ìti an to upostÔlwma eÐqe diˆstash bc = 35cm �a apaitoÔntan

sÔmfwna me tic diatˆxeic tou SKB gia fctd = 0:8MPa ! Dmand > 450 mm dhlad  me aÔxhsh

katˆ 50%. Dmand > 675 mm . Mia tètoia diˆstash den �a 'qwroÔse' se upostÔlwma plˆtouc

bc = 350 mm me epikˆluyh d1 = 5mm . Sunep¸c sthn perÐptwsh aut  �a èprepe na gÐnei

allag  stic diastˆseic tou upostul¸matoc   sthn diˆmetro tou oplismoÔ.]

7.2 Elafroskurìdema me � = 1800

GewmetrÐa, paradoqèc kai statikì prosomoÐwma �orèa.

H gewmetrÐa eÐnai akrib¸c h Ðdia me aut  tou � = 1600 , me thn mình diaforˆ tic

diastˆseic twn upostulwmˆtwn, se aut n thn perÐptwsh prokÔptei.

UpostÔlwma oriakˆ � � 0:65 IkanopoÐhsh sunˆfeiac Ikanotikìc-èlegqoc lugismoÔ

1 25 35 35
2 30 40 40
3 40 40 45

PÐnakac 7.5: Diastˆseic upostul¸matoc gia sqediasmì ESEA � = 1800

Plˆkec

Ja lhfjoÔn mìno oi diaforèc sthn exwterik  st rixh. Miac kai aut  kajorÐzei tic

allagèc ston oplismì. Oi upìloipoi èlegqoi ikanopoioÔntai.

G(KPa ) Q(KPa ) p1(KPa ) p2(KPa ) msup � sup ! sup Asup (cm2)

4.35 2 6.7 2.3 23 0.17 0.188 5.86

PÐnakac 7.6: FortÐa kai entˆseic plˆkac 1

TopojeteÐtai sthn st rixh F8/10 (5cm2)

'Elegqoc orizìntiwn metakin sewn kai plastimìthta

IkanopoioÔntai oi apaitoÔmenoi èlegqoi.

DokoÐ, upostul¸mata kai pedilodokoÐ

'Idia logik  me aut  tou elafroskurodèmatoc.
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Kefˆlaio 8

Sugkritikìc sqediasmìc ktirÐwn apì SKB kai

ESEA

8.1 Plˆkec

Pˆqh plˆkac gia ikanopoÐhsh �el¸n

Arqik  pepoÐjhsh  tan na gÐnei elaqistopoÐhsh ston ìgko skurodèmatoc ìso kai sthn

posìthtˆ oplism¸n gia na �anoÔn oi diaforèc tìso sto pˆqoc ìso kai stouc oplismoÔc.

Bèbaia autì  tan telikˆ ˆneu no matoc kaj¸c gia ˆnoigma 6m sÔmfwna me ton èlegqo

�el¸n tou EC2 mporoÔsan na qrhsimopoihjoÔn pˆqh akìma kai twn 13cm (statikì Ôyoc

10cm) sto SKB kai sto ES. Pˆqoc to opoÐo se pragmatik  perÐptwsh �ewreÐtai polÔ mikrì.

Sunep¸c gia to ˆnoigma den up rqe lìgoc na gÐnei sÔgkrish tou pˆqouc kai qrhsimopoi-

 jhke pˆqoc h = 15cm kai stic dÔo peript¸seic. Pˆqoc to opoÐo mporeÐ na �ewrhjeÐ kai

mikrì gia tètoio ˆnoigma.

Diam keic oplismoÐ

'Opwc anaptÔqjhke kai prin oi diaforèc sto prokÔptonta oplismì gia proèqousa kˆm-

yh aplˆ oplismènhc diatom c eÐnai amelhtèec gia thn perÐptwsh tou SKB kai tou ES.

Opìte me thn meÐwsh tou �ˆrouc tou skurodèmatoc  tan anamenìmeno na meiwjoÔn kai oi

aparaÐthtoi oplismoÐ. Stic sthrÐxeic parathroÔntai oi diaforèc
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Kefˆlaio 8. Sugkritikìc sqediasmìc ktirÐwn apì SKB kai ESEA

SthrÐxeic SÔnolo

1

1:5

2

t

� o = 2500
� o = 1900
� o = 1700

Sq ma 8.1: Promètrhsh oplism¸n plak¸n (t )

ParathreÐtai meÐwsh twn oplism¸n stic sthrÐxeic 14%-20% gia ESEA(1800)-ESEA(1600).

Sta anoÐgmata topojet jhkan kai stic dÔo peript¸seic oi elˆqistoi oplismoÐ. Sunolikˆ stic

plˆkec h meÐwsh eÐnai 6%-10%.

'Elegqoc tèmnousac

Gia meÐwsh thc puknìthtac parathreÐtai kai shmantik  meÐwsh thc antoq c se tèmnousa

qwrÐc oplismì diˆtmhshc. Gia thn perÐptwsh � = 1600 kg=m 3 parathreÐtai ìti mei¸jhke h

elˆqisth tèmnousa thc plˆkac 15cm apì 66 :5KN=m se 43 :2KN=m .

Agkur¸seic

Gia pˆqoc thc exwterik c dokoÔ bw = 25cm sthn perÐptwsh tou SKB to apaitoÔmeno

m koc agkÔrwshc  tan tètoio pou qrhsimopoi jhke mh eujÔgrammh agkÔrwsh en¸ sthn

perÐptwsh tou ESEA apait jhke eujÔgrammh agkÔrwsh me tÔmpano.

8.2 Orizìntiec metakin seic

MÐa apì tic pio shmantikèc diaforèc tou skurodèmatoc eÐnai stic metakin seic kai ston

deÐkth seismik c euaisjhsÐac � . Sthn perÐptwsh aut  o mègistoc suntelest c euaisjhsÐac

sqetik c metakÐnhshc gia ESEA(1800)-ESEA(1600) aux jhke katˆ 5%-22% antÐstoiqa.

Sugkekrimèna,

a/a SKB ESEA � = 1800 kg=m 3 ESEA � = 1600 kg=m 3

Stˆjmh 1 0.03 0.04 0.04
Stˆjmh 2 0.07 0.08 0.09
Stˆjmh 3 0.12 0.13 0.15
Stˆjmh 4 0.16 0.17 0.21
Stˆjmh 5 0.18 0.19 0.22

PÐnakac 8.1: Metabol  tou � gia ESEA
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8.3 Diastˆseic stoiqeÐwn �orèa

8.3 Diastˆseic stoiqeÐwn �orèa

Stic plˆkec kai stic dokoÔc den krÐjhkan oi diastˆseic apì kˆpoion èlegqo. Gia thn

perÐptwsh twn upostulwmˆtwn den  tan krÐsimoc o èlegqoc periorismoÔ anhgmènhc axo-

nik c allˆ o periorismìc twn diamètrwn gia ikanopoÐhsh thc sunˆfeiac stouc oplismoÔc

twn kìmbwn. Eidikˆ sto ESEA pou mei¸netai h mèsh efelkustik  antoq  f lctm . Parìti �a

èprepe na meiwjoÔn oi diastˆseic me thn meÐwsh twn entˆsewn, parathreÐtai ìti apaitoÔntai

megalÔterec diastˆseic upostul¸matoc. Autˆ isqÔoun gia mèsh kathgorÐa plastimìthtac.

a/a SKB ESEA � = 1800 kg=m 3 ESEA � = 1600 kg=m 3

UpostÔlwma 1 35 35 40
UpostÔlwma 2 40 40 45
UpostÔlwma 3 45 45 45

PÐnakac 8.2: Pleurèc upostulwmˆtwn (cm)

8.4 Sqediasmìc dok¸n

Diam keic oplismoÐ

H meÐwsh twn �ortÐwn od ghse se antÐstoiqh meÐwsh tou diam kouc oplismoÔ. H meÐwsh

thc fctm lìgw thc puknìthtac den od ghse se �èma ston èlegqo periorismoÔ tou efelkuìme-

nou oplismoÔ. Ja parousiastoÔn oi diaforèc anˆ stˆjmh.

Stˆjmh 1 Stˆjmh 3 Stˆjmh 5
0

0:5

1

1:5

� o = 2500
� o = 1900
� o = 1700

SÔnolo
0

2

4

6

8

Sq ma 8.2: Promètrhsh diam kwn oplism¸n dok¸n( t )

ParathreÐtai ìti gia meÐwsh thc puknìthtac mei¸nontai oi diam keic oplismoÐ kai se

megalÔterec stˆjmec eÐnai mikrìterh h meÐwsh. H sunolikˆ diaforˆ gia ESEA(1600)-

ESEA(1800) eÐnai 23%-16%
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Kefˆlaio 8. Sugkritikìc sqediasmìc ktirÐwn apì SKB kai ESEA

Mègisth tèmnousa

Mei¸netai shmantikˆ h mègisth tèmnousa twn dok¸n. Aut  h meÐwsh ofeÐletai ston

suntelest  n kai eÐnai akrib¸c 36%. Bèbaia gia ta anoÐgmata twn dok¸n kai ta �ortÐa pou

èqoun lhfjeÐ den upˆrqei kˆpoioc periorismìc.

Egkˆrsioi oplismoÐ

Oi egkˆrsioi oplismoÐ kajorÐsthkan apì tic mègistec apostˆseic ìpwc kajorÐzontai apì

ton EC2

8.5 Sqediasmìc upostulwmˆtwn

Diam keic oplismoÐ

Oi diam keic oplismoÐ pou proèkuyan telikˆ  tan kai stic dÔo peript¸seic oi elˆqistoi( 1%).

Lugismìc

Den parathr jhke kˆpoia diaforˆ ston èlegqo tou lugismoÔ. Autì ofeÐletai sta pro-

kÔptonta diagrˆmmata elafroskurodèmatoc �ˆsh tou EC2. Gia thn perÐptwsh tou upo-

stul¸matoc pou exetˆsjhke ta diagrˆmmata allhlepÐdrashc den parousiˆzoun diaforˆ

en¸ parˆllhla h lughrìthta auxˆnetai lìgw megalÔterwn diastˆsewn upostul¸matoc.

IkanotikoÐ èlegqoi

'Htan oriakoÐ sto SKB allˆ me thn aÔxhsh twn diastˆsewn sto ESEA den proèkuye

kˆpoio �èma. Genik¸c h meÐwsh thc puknìthtac odhgeÐ se mikrìterec antoqèc sthn diaxonik 

kˆmyh. Parˆllhla ìmwc mei¸nontai kai oi entˆseic stic dokoÔc pou odhgeÐ kai sthn meÐwsh

antoq c twn dok¸n. Me meÐwsh thc antoq c tìso stic dokoÔc ìso kai sta upostul¸mata den

�a upˆrqei �èma stouc ikanotikoÔc elègqouc kìmbwn.

Egkˆrsioi oplismoÐ

KajorÐzontai apì ton ikanotikì èlegqo tèmnousac. Den upˆrqei diaforˆ kaj¸c kajo-

�Ðzontai apì tic mègistec apostˆseic.

Mègisth tèmnousa

Upˆrqei meÐwsh thc mègisthc tèmnousac katˆ 36% ìpwc stic dokoÔc lìgw tou suntelest 

n.

8.6 PedilodokoÐ

Stic pedilodokoÔc den upˆrqoun diaforèc oÔte sto apaitoÔmeno skurìdema oÔte stouc

oplismoÔc. To Ôyoc eÐnai tètoio pou oi entˆseic pou dhmiourgoÔntai eÐnai mikrèc gia thn
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8.7 Sunolik  orizìntia kai katakìrufh dÔnamh.

perÐptwsh twn pedilodok¸n. Sunep¸c oi oplismoÐ kajorÐzontai apì touc elˆqistouc tou

EC2 .

8.7 Sunolik  orizìntia kai katakìrufh dÔnamh.

a/a SKB ESEA (1800 ) ESEA(1600 )

Katakìrufh dÔnamh 1:35G + 1:5Q 24429 22462 21534
Katakìrufh dÔnamh G + 0:3Q + Ex + 0:3Ey 15543 13372 12585

Tèmnousa dÔnamhG + 0:3Q + Ex + 0:3Ey 730 587 524

PÐnakac 8.3: Sunolikèc dunˆmeic(KN)

Stic katakìrufec dunˆmeic oi diaforèc gia ESEA(1800)-ESEA(1600) eÐnai 8%-12% gia

thn statik  �ìrtish kai 14%-20% gia thn seismik  �ìrtish. Stic orizìntiec dunˆmeic oi

diaforèc eÐnai 20%-30%. Sthn perÐptwsh autoÔ tou ktirÐou h �emelÐwsh  tan apl  kai

ˆneu teqnikoÔ �èmatoc. Se peript¸seic pou h �emelÐwsh tou èrgou eÐnai problhmatik  h

qr sh tou elafroskurodèmatoc endeqomènwc na dÐnei kalÔterh   kai monadik  lÔsh.

8.8 IdioperÐodoi

SKB ESEA (1800 ) ESEA(1600 )

1.23 1.28 1.39

PÐnakac 8.4: Jemeli¸dhc idioperÐodoc (sec)

Gia ESEA(1800)-ESEA(1600) h �emeli¸dhc idioperÐodoc auxˆnetai kata 4%-13%
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Kefˆlaio 8. Sugkritikìc sqediasmìc ktirÐwn apì SKB kai ESEA

8.9 Prometr seic

Plˆka-dokoÐ Upostul¸mata PedilodokoÐ
0

100

200
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t

� o = 2500
� o = 1900
� o = 1700

SÔnolo
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Sq ma 8.3: Promètrhsh skurodèmatoc( m3)

Plˆkec DokoÐ Upostul¸mata PedilodokoÐ
0
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SÔnolo
0
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Sq ma 8.4: Prometr sh oplism¸n( t )

Oi diaforèc pou emfanÐzontai stic plˆkec eÐnai autèc twn oplism¸n sthrÐxewc en¸ stic

dokoÔc eÐnai autèc twn diam kwn oplism¸n. Oi diaforèc sta upostul¸mata ofeÐlontai stic

diaforèc tou elˆqistou oplismoÔ. Se ìlouc touc ˆllouc oplismoÔc krÐsimoi  tan oi elˆqi-

stoi opìte den �aÐnontai diaforèc. H posostiaÐa diaforˆ gia to SKB kai tou ESEA(1800)-

ESEA(1600) eÐnai 8%-10%.
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Mèroc III

EpÐlogoc
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Kefˆlaio 9

EpÐlogoc

9.1 Sumperˆsmata

Sqediasmìc diatom¸n

ˆ Orizìntia mèlh : H meÐwsh thc puknìthtac den epifèrei aÔxhsh tou oplismoÔ. Me

meÐwsh thc puknìthtac mei¸nontai oi oriakèc �opèc gia � = 0:45 kai � s1 � 2:17 o=oo.

ˆ Upostul¸mata : H meÐwsh thc puknìthtac odhgeÐ se aisjhtèc diaforèc ston apai-

toÔmeno oplismì oi opoÐec gia mia dusmen c perÐptwsh den eÐnai megalÔterec tou

15 � 20%. Diaforèc oi opoÐec èqoun nìhma mìno gia oriakì sqediasmì.

ˆ Lugismìc : Diaforèc oi opoÐec eÐnai polÔ mikrèc kaj¸c den metabˆlletai to diˆgramma

2 tˆsewn-paramorf¸sewn gia anhgmènec paramorf¸seic mikrìterec thc oriak c.

Plastimìthta diatom¸n

ˆ Diatomèc qwrÐc perÐsfixh : Upˆrqoun stajerèc diaforèc gia ìlo to �ˆsma twn tim¸n

n. Gia meÐwsh tou lìgou As2=As1 oi diaforèc mei¸nontai.

ˆ Upostul¸mata me perÐsfixh : Me aÔxhsh thc perÐsfixhc auxˆnontai kai oi posostiaÐec

metabolèc. Gia thn perÐptwsh eidikˆ tou kisshrodèmatoc an lhfjeÐ diìrjwsh thc

sqèshc tou eurwk¸dika �ˆsh peiramatik¸n metr sewn h plastimìthta pèran miac

perÐsfixhc den auxˆnetai.

Bèlh

ˆ Diagrˆmmata �op¸n-kampulìthtˆc : Me meÐwsh thc puknìthtac auxˆnei h yajurìth-

ta, mei¸netai h duskamyÐa kai auxˆnetai h grammik  sumperiforˆ tou skurodèma-

toc. 'Oson aforˆ thn tèmnousa duskamyÐa parathroÔntai megˆlec diaforèc sthn

arhgmˆtwth diatom .

ˆ Bèlh apl¸n statik¸n �orèwn : Parˆ thn meÐwsh thc duskamyÐac pou parathreÐtai

gia mikrìtera � h antÐstoiqh meÐwsh tou �ˆrouc odhgeÐ se Ðdia �èlh sthn perÐptwsh

grammik¸n �orèwn.
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Kefˆlaio 9. EpÐlogoc

Sqediasmìc �orèwn

Oi diaforèc stouc elègqouc ofeÐlontai kurÐwc sthn efelkustik  antoq  tou skuro-

dèmatoc fctm . Oi diaforèc stouc apaitoÔmenouc oplismoÔc gia elafroskurìdema parousi-

ˆzontai apokleistikˆ stic sthrÐxeic twn plak¸n kai stouc diam keic oplismoÔc twn dok¸n.

Gia ESEA me � = 1800 kg=m 3 parousiˆzetai posostiaÐa meÐwsh katˆ 8% twn oplism¸n

kai aÔxhsh tou mègistou suntelest  seismik c euaisjhsÐac katˆ 5% en¸ gia ESEA me

� = 1600 kg=m 3 parousiˆzetai posostiaÐa meÐwsh katˆ 10% twn oplism¸n kai aÔxhsh tou

mègistou suntelest  seismik c euaisjhsÐac katˆ 22%. Autì èqei idiaÐtero endiafèron ka-

�¸c h meÐwsh thc puknìthtac odhgeÐ se polÔ mikr  meÐwsh twn oplism¸n kai polÔ megˆlh

diaforˆ ston suntelest  seismik c euaisjhsÐac. ParathroÔntai kai megˆlec diaforèc stic

sunolikèc dunˆmeic, gia thn seismik  �ìrtish mei¸netai h katakìrufh dÔnamh gia tic dÔo

puknìthtec katˆ 14% kai 20% kai oi orizìntiec mei¸nontai katˆ 20% kai 30%. En olÐgoic

h qr sh ESEA se perÐptwsh ktirÐwn odhgeÐ se diaforèc stouc oplismoÔc twn orizìntiwn

stoiqeÐwn allˆ kurÐwc ephreˆzei tic orizìntiec metakin seic kai tic sunolikèc drˆseic pou

askoÔntai sto èdafoc.

9.2 Protˆseic gia peraitèrw èreuna

Bˆsh twn apotelesmˆtwn �a  tan endiafèron na diereunhjeÐ:

ˆ H qr sh tou ESEA se orizìntia stoiqeÐa gefur¸n.

ˆ H qr sh ESEA sthn �emelÐwsh dusmen¸n peript¸sewn. Yhl¸n ktirÐwn, gefur¸n  

kak¸n edafik¸n qarakthristik¸n.

ˆ H qr sh enallaktik¸n diagrammˆtwn tˆsewn-paramorf¸sewn ESEA gia thn exagwg 

sumperasmˆtwn ston lugismì katakìrufwn stoiqeÐwn.
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Parˆrthma Aþ

PÐnakec aploÔ oplismoÔ-plakodok¸n
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Parˆrthma Aþ. PÐnakec aploÔ oplismoÔ-plakodok¸n

PÐnakac Aþ.1:PÐnakac aploÔ oplismoÔ � = 1400
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PÐnakac Aþ.2:PÐnakac aploÔ oplismoÔ � = 1600
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Parˆrthma Aþ. PÐnakec aploÔ oplismoÔ-plakodok¸n

PÐnakac Aþ.3:PÐnakac aploÔ oplismoÔ � = 1800
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PÐnakac Aþ.4:PÐnakac aploÔ oplismoÔ � = 2000
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Parˆrthma Aþ. PÐnakec aploÔ oplismoÔ-plakodok¸n

PÐnakac Aþ.5:PÐnakac aploÔ oplismoÔ NWC
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