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1 TEHNICNO POROCILO

1.1 Splosno

Za narocnika Ministrstvo za vzgojo in izobrazevanje, Masarykova cesta 16, 1000 Ljubljana, se je skladno s ponudbo izdelal
nacrt varovanja gradbene jame za izvedbo objekta SPORTNA DVORANA - SOLSKI CENTER NOVO MESTO na lokaciji
Solskega centra v Novem mestu.

1.2 Podloge za nacrt
Pri izdelavi nagrta smo kot projektne osnove uporabili naslednje podloge:
o Nacrt arhitekture, St. 30/2023, SPINA d.0.0
o Geolosko geomehanski elaborat §t. 028-23-201, AC&P inZenirski biro d.0.0

e Arhivske podatke Ze obstojecih objektov, Solski center NM:
13 Podloge projektov (povzetek)

1.3.1 Zasnova objektov

Predvidena je novogradnja $portne dvorane na lokaciji Solskega centra v Novem mestu. Nova dvorana se nahaja na lokaciji
obstoje¢ega parkiri$a, v atriju objektov MIC, delavnic, $portne dvorane Leona Stuklja in objekta $ole. Predviden objekt je
pravokotne oblike s poSevno zahodno steno, ki se na vogalih zakljuci z vogali obstojecih objektov. Z obstoje¢o dvorano Leona
Stuklja bo nova $portna dvorana povezana preko hodnika na jugovzhodni strani.

Nosilna konstrukcija objekta je prakti¢no v celoti armirano betonska. Nosilno AB konstrukcijo sestavljajo temeljne grede, talna,
medetazne in streSna plos¢a, vertikalni okvirji ter stene. Okuvirji, ki so sestavljeni iz stebrov in preck, v sodelovanju s stenami,
ki obdajajo stopnid¢ne in dvigalne jaSke, prevzemajo tako vertikalno, kot tudi horizontalno obtezbo.

132 Geolosko — geomorfoloski opis obmocja in karakteristicne vrednosti materialov
Obravnavana lokacija se nahaja na JZ delu Novega mesta, ob portni dvorani Leona Stuklja.

Geolosko (hribinsko) podlago SirSega obmocja sestavlja bel/siv plastovit apnenec z redkimi plastmi dolomita in oolitni apnenec
(Js%3). Nad apnencem se pojavija plast rjave pliokvartarne gline spremenljive debeline in sicer med 1,0 — 12,0 metri. V
spodnjem delu, na kontaktu z apnencem se pojavlja plast glinastega grud&a, ki nakazuje prehod v trdo hribinsko podlago.
Glede na rezultate geomehanskih preiskav ugotavljamo, da se globina do trdne podlage generalno ve¢a od zahoda proti
vzhodu.

Na osnovi izvedenih preiskav vzorcev iz obravhavanega obmocja in arhivskih podatkov smo izbrali karakteristiCne podatke o
striznih karakteristikah zemljin. Pri izboru smo upostevali, poleg povpre¢nih vrednosti tudi variabilnost.

. Enoosna Nedrenirana " Strizni Modul
LA L tlacna trdnost  strizna trdnost e kot elasticnosti
14 Qu su c ('} E
[kN/m3] [kPa] [kPa] [kPa] [°] [kPa]
Umetno nasutje (GC) 18,5 250 125 50 28 12.000

Rjava, tezko  gnetna

meljasta glina z ob¢asnim 170 150 75 10.0 23 6.000
grudéem (CL-ML) - ilovica ' ’

Rjav, glinast, srednje do

debelozrnat grus¢ (GC), 19,5 - - 2,0 30 50.000
mestoma bolj glinast

Kompaktna hribinska
podlaga (J32*3) 25,0 - - 40,0 40 550.000

Tabela 1: Karakteristicne vrednosti geomehanskih parametrov
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1.4 Opis podpornih ukrepov

1.4.1 Splosno

Za potrebe izgradnje objektov smo zasnovali zaéasno varovanje gradbene jame z razliCnimi ukrepi. Ti sledijo ekonomskim,
geolosko-geomehanskim, morfoloSkim, tehnolo$kim in drugim zahtevam. Varovanije izkopa gradbene jame bodo tvorili:

o Sirok izkop pod ustreznimi nakloni,
e sidrana in dvakrat sidrana pilotna stena,
o berlinska stena iz zabitih timic.

Celotna izvedba varovanja bo omogoc&ala varne izkope, odvoze materiala ter izgradnjo objektov. Poleg tega je prilagojena
tako, da bo minimalno vplivala na uéne procese v Solskem centru.

Dostop v gradbeno jamo je predviden iz jugozahodne strani. Prav tako bo ves bistveni gradbi$éni transport potekal tu.

1.4.2 Standardi

Vsi stabilnostni preracuni so bili izvedeni po MKE s programom Phase Il, skladno z navodili EC7, DA1. Rezultati stabilnostnih
in staticnih izraCunov so predstavljeni v prilogah.

Gradbena jama je raCunana po pravilih in smernicah standardov iz druZine Evrocode.

e osnove izratuna in obtezbe EC1

e dimenzioniranje betonskih konstrukcij EC2

e dimenzioniranje jeklenih konstrukcij EC3

e geomehanske konstrukcije EC7
1.43 Siroki izkop

Povsod tam, kjer ni prostorskih omejitev je predviden izkop gradbene jame pod naklonom, ki omogo&a vamo izvedbo. Siroki
izkopi so predvideni deloma na severni, deloma na vzhodni, deloma na juzni in deloma na zahodni brezini objekta. Glede na
stabilnostne analize so predvideni naslednji zacasni nakloni izkopov:

1. Umetno nasutje: rjav glinast drobno do srednjezrnat grus¢ (GC), 1:1
2. Rjava, tezko gnetna meljasta glina z ob¢asnim grus¢em (CL-ML) - ilovica, 11
3. Rjav, glinast, srednje do debelozrnat grus¢ (GC), mestoma bolj glinast, 1:1
4. Kompaktna hribinska podlaga (J32*3). 3:1
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1.4.4 Berlinska stena

Za namen zaCasnega varovanja odseka na severovzhodnem obodu jame smo predvideli t.i. berlinsko steno, ki je sestavljena
iz tirnic S49 dolzine 4,0m. Tirnice se izvede na razmaku 75cm in se jih zaloZi s lesenimi plohi. Iz pripravijenega platoja se z
bagrom zabije oz. vtisne tirnico do predvidene globine, na razmaku 75cm. Tirnice se v primeru, da ne bo zagotovljeno
zadostno vpetje (orientacijsko 1/3 dolZina tirnice pod dnom izkopa) poveZe z jekleno gredo dimenzij 30x30cm, skladno s
projektom. Ves material (tirnice in grede) se po konéani gradnji odstrani.

1.45 Sidrana pilotna stena sever — PS-1

1.45.1 Splosno

Po severnem obodu gradbene jame je predvidena enkrat sidrana pilotna stena. Zgornja AB vezna greda je prereza 70/70cm.
Predvidena dolzina pilotov je od 4,0 do 6,3m. Piloti so premera ®50cm in bodo uvrtani 1,25m v apnenéasto podlago. Za
potrebe dimenzioniranja smo izvedli stabilnostne analize, ki jih prilagamo v posebnem razdelku.

1.45.2 Piloti
o Piloti: $50cm/1,0m
e Jeklo: B500
e Betonin prerez: C30/37
e Stremena: $12/15cm
e Vzdolzna armatura: 8916
o Za&(itni sloj: 8cm

DOLZINA
Z-KOOR PILOTOV PREMER
POZ. Y-KOOR X-KOOR vrha pilota (m) (cm)
S1 72856.0410 512304.7724 196,26 4,2 0.5
S2 72856.0455 512305.7724 196,26 4,4 0.5
S3 72856.0501 512306.7724 196,26 4,7 0.5
sS4 72856.0547 512307.7724 196,26 4,9 0.5
S5 72856.0592 512308.7724 196,26 51 0.5
S6 72856.0638 512309.7724 196,26 51 0.5
S7 72856.0684 512310.7724 196,26 5,2 0.5
S8 72856.0729 512311.7724 196,26 53 0.5
S9 72856.0775 512312.7724 196,26 5,4 0.5
S10 72856.0821 512313.7724 196,26 5,5 0.5
S11 72856.0866 512314.7723 196,26 5,6 0.5
S12 72856.0912  512315.7723 196,26 5,7 0.5
S13 72856.0958 512316.7723 196,26 5,8 0.5
s14  72856.1003 512317.7723 196,26 5,9 0.5
S15 72856.1049 512318.7723 196,26 6,0 0.5
S16 | 72856.1095 512319.7723 196,26 6,1 0.5
s17  72856.1140 512320.7723 196,26 6,2 0.5
s18  72856.1186 512321.7723 196,26 6,3 0.5
S19 72856.1232  512322.7723 196,26 6,4 0.5
S20 72856.1277  512323.7722 196,26 6,5 0.5
S21 72856.1323  512324.7722 196,00 6,3 0.5
S22 72856.1369 512325.7722 195,51 6,0 0.5
523  72856.1414 512326.7722 195,00 5,5 0.5
sS4 | 72856.1460 512327.7722 194,50 5,2 0.5
s25  72856.1506 512328.7722 194,00 4,8 0.5

Tabela 2: Tabela dispozicije pilotov za pilotno steno PS-1
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1.453 Sidrna vezna greda

Zgornja vezna greda povezuje Benotto pilote. Je kvadratnega prereza dimenzij bxh=70x70cm. Armatura vezne grede je
rebrasta S500. Vezna greda je iz armiranega betona C25/30. V vezni gredi se na predpisanih pozicijah izvede zobe pod
naklonom 35° od vertikale. Dimenzije poSevne ploskve znaSajo 30/30cm. V sredis¢e poSevne ploskve in pravokotno na njeno
povrsino se vgradi cev PVC DN160, skozi katero se izvede sidro. Na vsako stran cevi se vgradi po 2 stremeni s prirezano
stranico.

e Jeklo: S500

e Beton: C25/30

e Stremena: $12/20cm
e Vzdolzna armatura: 20 16

o Za&(itni sloj: 5cm

1.4.54 Sidra

Uporabi se tri vrvna trajna prednapeta geotehniéna sidra. Sidra bodo uvrtana min. 6,0m v apnencasto osnovo. Sidra se napne
s predvideno silo, ko injekcijska masa doseze 75% trdnosti.

e Sidra: 3x6"/251kN, grede pod kotom 35°
e Jeklo/ nosilnost: f=1860MPA
e Nosilnost sidra: Prmax=586kN
o Sila prednapetja: Po=251 kN
e Dimenzije: 3x0,62" (3 x 150mm?)
e Vezna dolzina: 6,0m
1.4.6 Sidrana pilotna stena jug - PS-2

1.4.6.1 Splosno

Po juznem obodu gradbene jame je predvidena enkrat sidrana pilotna stena. Zgornja AB vezna greda je prereza 50/50cm.
Predvidena dolZina pilotov je od 2,7 do 4,9m. Piloti so premera ®40cm in bodo uvrtani 1,0m v apnencasto podlago.

Piloti bodo predvidoma izvedeni nad koto gradbene jame. Za namene sidranja nog pilotov se uporabi pali¢na pasivna IBO
sidra R32/250 dolzZine 6,0m.

Za potrebe dimenzioniranja smo izvedli stabilnostne analize, ki jih prilagamo v posebnem razdelku.

1.4.6.2 Piloti
e Piloti: $40cm/0,80m
e Jeklo: B500
e Betonin prerez : C30/37
e Stremena: $12/15cm
e Vzdolzna armatura: 8916
o Za&(itni sloj: 8cm
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DOLZINA
Z-KOOR PILOTOV PREMER
POZ. Y-KOOR X-KOOR vrha pilota (m) (cm)
1 72803.8231 512307.3798 197,25 3,5 40
12 72803.8265 512308.0722 197,25 3,5 40
13 72803.8291 512308.8722 197,25 3,6 40
14 72803.8326  512309.6721 197,25 3,6 40
J5 72803.8360 512310.4721 197,25 3,7 40
16 72803.8395 512311.2721 197,25 3,7 40
17 72803.8429 512312.0721 197,25 3,7 40
18 72803.8463 512312.8721 197,25 3,8 40
19 72803.8498 512313.6721 197,25 3,8 40
J10 72803.8532  512314.4721 197,25 3,9 40
111 72803.8567 512315.2721 197,25 3,9 40
J12  72803.8601 512316.0721 197,25 4,0 40
J13 72803.8635 512316.8721 197,25 4,0 40
114 72803.8670 512317.6721 197,25 4,1 40
J15 72803.8704 512318.4721 197,25 4,1 40
116 72803.8739 512319.2721 197,25 4,2 40
117 72803.8773  512320.0721 197,25 4,2 40
118 72803.8808 512320.8720 197,25 4,2 40
119 72803.8842 512321.6720 197,25 4,3 40
120 72803.8876 512322.4720 197,25 4,3 40
121 72803.8911 512323.2720 197,25 4,4 40
122 | 72803.8945 512324.0720 197,25 4,4 40
123 72803.8980 512324.8720 197,25 4,5 40
124 72803.9014 512325.6720 197,25 4,5 40
125 72803.9048 512326.4720 197,25 4,6 40
126 72803.9083 512327.2720 197,25 4,6 40
127 72803.9117 512328.0720 197,25 4,6 40
128 72803.9152  512328.8720 197,25 4,7 40
29  72803.9186 512329.6720 197,25 4,7 40
130 72803.9220 512330.4720 197,25 4,8 40
131 72803.9255 512331.2719 197,25 4,8 40
132 72803.9289 512332.0719 197,25 4,9 40
133 72803.9324  512332.8719 197,25 4,9 40
134 72803.9358 512333.6719 197,07 4,8 40
135 72803.9392 512334.4719 196,73 4,5 40
136 72803.9427 512335.2719 196,38 4,2 40
137 72803.9461 512336.0719 196,04 3,9 40
138 72803.9496 512336.8719 195,69 3,6 40
139 72803.9530 512337.6719 195,34 3,3 40
140 72803.9564 512338.4719 195,00 3,0 40
J41  72803.9599  512339.2719 194,65 2,7 40

Tabela 3: Dispozicija pilotov za pilotno steno PS-2
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1.4.6.3 Sidrna vezna greda

Zgornja vezna greda povezuje Benotto pilote. Je kvadratnega prereza dimenzij bxh=50x50cm. Armatura vezne grede je
rebrasta S500. Vezna greda je iz armiranega betona C25/30. V vezni gredi se na predpisanih pozicijah izvede zobe pod
naklonom 35° od vertikale. Dimenzije poSevne ploskve zna$ajo 30/30cm. V sredis¢e poSevne ploskve in pravokotno na njeno
povrsino se vgradi cev PVC DN160, skozi katero se izvede sidro. Na vsako stran cevi se vgradi po 2 stremeni s prirezano
stranico.

e Jeklo: S500

e Beton: C25/30

e Stremena: $12/20cm
e Vzdolzna armatura: 12 014

o Za&(itni sloj: 5cm

1.4.6.4 Sidra

Predvidena je vgradnja zacasnih pasivnih sider IBO R32/250 na razmaku 3,2 m, dolzine 12,0m. Sidra se vgradi pod naklonom
35° glede na horizontalo. Izvede se minimalno prednapetje, da se zagotovi naleganje sidrne glave na povrsino grede.

e Sidra: IBO R32/250
e Nosilnost sidra: Pmin=250kN
e Sila prednapetja: Po=10 kN

tehni¢no porocilo 8126
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1.5 IZVEDBA DEL IN TEHNOLOGIJA GRADNJE

1.5.1 Priprava gradbiscéa

Za potrebe izvedbe gradbene jame je potrebno najprej urediti in zavarovati gradbi$Ce in urediti dostopne poti. Dostop do
gradbisca se bo izvedlo iz jugozahodne strani. Po glavni dostopni cesti se bo odvijal vsa gradbi$éni promet. Vse povrsine je
potrebno ustrezno zavarovati in oznaciti, postaviti je potrebno gradbiséne provizorije. Pred priCetkom zemeljskih del je
potrebno elemente gradbene jame zakoliciti. ZakoliCiti je potrebno tudi osi objekta in preveriti razdalje med osmi objekta in
osmi pilotne stene.

1.5.2 Komunalni vodi

Na obmocju so obstoje¢i komunalni vodi, ki se premaknejo v fazi priprave gradbi$¢a. Prestavitev vodov je predmet drugega
nacrta.

153 Opis konstrukcijskih elementov in izvedba

Varovanje gradbene jame bomo izvajali z naslednjimi konstrukcijskimi elementi:

1.5.3.1 Sidrana pilotna stena PS-1

Mesta pilotov se zakoli¢i, zakoli€iti je potrebno tudi osi. Na zakoliGenih mestih se izdela pilote. Pilote se izvaja po Benotto
metodi. Betoniranje pilotov se izvaja kontraktorsko.

Na obmodju je najprej potrebno izvesti generalni izkop do predvidene kote delovnega platoja za izvedbo pilotov.

Piloti fi 50cm bodo uvrtani 1,25m v mati¢no hribinsko podlago ali do ustrezne globine pod dnom gradbene jame. Pilote se
izvede do predvidene kote delovnega platoja. Prevzem izkopa pilota izvede geomehanik. Po izdelavi pilotov sledi zniZzanje
platoja na koto dna vezne grede, kjer se polozi podlozni beton. Na podloZni beton se postavi opaz in armaturo za gredo
dimenzij 70x70cm.

Po izdelavi sidme vezne grede se skozi plasticne cevi in jeklene konuse vgradi zacasna geotehni¢na sidra razliénih dolZin.
Nagib sider je 35° navzdol od horizontale. Sidra se vgradjo v predhodno izvrtane vrtine @min 152 mm. Vrtine je potrebno
ceviti v sloju gline in preperelega apnenca, v kompaktnem apnencu pa cevljenje ni potrebno. Potrebno je izvesti delovni plato
za vrtalno garnituro. K prednapenjanju sider se lahko pristopi, ko injektirna masa doseze 75% trdnosti. Zahtevana kvaliteta
injektirne mase je C25/30. Na sidrih se mora izvesti preizkuse nosilnosti po standardu SIST EN 1537. Natanéneje je potek
sidranja obravnavan v elaboratu sidranja, ki se ga naredi v fazi izvedbe, ko bo izbrana tehnologija izvajalca. Pri izdelavi
geotehnicnih sider je potrebno slediti smernicam za izvedbo za¢asnih geotehniénih sider (SIST EN 1537).

Po montazi sidme grede se sidra prednapne in zaklini. Na sidrih se mora izvesti preizkuse nosilnosti po standardu SIST EN
1537. Natancneje bo potek sidranja obravnavan v elaboratu sidranja.

Po izvedbi sidranja se lahko izvede izkop do dna gradbene jame. Izvede se temeljenje objekta in temeljno plosco, kar ni del
tega nadrta. Glede na to, da pilotna stena ni izvedena kontaktno na objekt, razklinjanje sider ni potrebno. Sidra na pilotni steni
se lahko razklini v fazi zasipa kletne etaZe objekta.

1532 Sidrana pilotna stena PS-2

Mesta pilotov se zakoli¢i, zakoliciti je potrebno tudi osi. Na zakoliCenih mestih se izdela pilote. Pilote se izvaja po Benotto
metodi. Betoniranje pilotov se izvaja kontraktorsko.

Na obmodju je najprej potrebno izvesti generalni izkop do predvidene kote delovnega platoja za izvedbo pilotov.

Piloti fi 40cm bodo uvrtani 1,0m v mati¢no hribinsko podlago ali do ustrezne globine pod dnom gradbene jame. Pilote se
izvede do predvidene kote delovnega platoja. Prevzem izkopa pilota izvede geomehanik. Po izdelavi pilotov sledi znizanje
platoja na koto dna vezne grede, kjer se poloZi podlozni beton. Na podlozni beton se postavi opaZ in armaturo za gredo
dimenzij 50x50cm.

Po izdelavi sidrne vezne grede se skozi plastiéne cevi in jeklene konuse vgradi zaCasna pasivna IBOsidra R32/250. Sidra se
vgradjo v predhodno izvrtane vrtine @min 91 mm. Nagib sider je 35° navzdol od horizontale. Vrtine je potrebno ceviti v sloju
gline in preperelega apnenca, v kompaktnem apnencu pa cevljenje ni potrebno. Potrebno je izvesti delovni plato za vrtalno
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garnituro. K prednapenjanju sider se lahko pristopi 8 dni po vgradnji oziroma, ko injektirna masa doseze 75% trdnosti.
Zahtevana kvaliteta injektirne mase je C30/37. Na sidrih se mora izvesti preizkuse nosilnosti po standardu SIST EN 1537.

Sila zaklinjanja sider Po=50 kN. Pri vgradnji pasivnih sider je potrebno slediti smernicam za izvedbo trajnih pasivnih sider SIST
EN 14489 in smiselno tudi SIST EN 1537 ter SIA 267. Med preizkusom sider je potrebno voditi protokol napenjanja sider.

1.5.3.3 Berlinska stena

Predvidena je izvedba berlinske stene dolzZine 23,5m na severovzhodnem delu gradbene jame. Tirnice tipa S49 dolZine 4,0m
bodo od kote obstojeCega terena vtisnjene v glino. Uvrtanije tirnic v kompaktno podlago ni potrebno. Tirnice se vtiskuje na
razmaku 75cm in se jih zaloZi z lesenimi plohi. V kolikor stena ne dosega primernega vpetja, se na vrhu berlinske stene izvede
AB greda dimenzij 30x30cm.

1.5.4 Faznost izvedbe

Grobo bo potek izdelave gradbene jame potekal na naslednji nacin:
Ureditev gradbi$¢a, ureditev dostopnih poti,

Generalni izkop obstojeCega terena do nivoja platoja za pilotiranje,
Izvedba pilotov in veznih sidrnih gred,

Vgradnja in napenjanje sider,

Izvedba izkopa do dna gradbene jame oz. do pet pilotov (PS-2),
Sidranje pet pilotov (PS-2),

N o g bk w =

Izvedba temeljev objekta,

155 Protokol sidranja

Protokol sidranja bo obravnavan v elaboratu sidranja, ki bo izdelan, ko bo znana tehnologija izbranega izvajalca. Pred izvedbo
sider je potrebno izvesti testna sidra. In sicer je predvidena izvedba 2 testov sider. Teste sider se izvede do poruSitve ali do
predpisane natezne sile, da se doloCi nosilnosti sider. Na podlagi izvedenih testov bo projektant podal nadaljnje korake glede
izvedbe posameznih sider oziroma bodo podani nadaljnji potrebni ukrepi (morebitna dodatna sidra) skladno z ugotovljeno
dejansko nosilnostjo posameznega sidra.

1.5.6 Odvodnjevanje

Za gradbeno jamo ni problemati¢en razpr3en povrsinski dotok iz okolidkih breZin, v primeru koncentriranih dotokov (iztoki
meteorne kanalizacije, iztoki jarkov, iztoki cestis¢ne vode, hudournikov ipd.) pa je potrebno te iztoke zajeti visje in jih peljati
okrog jame po utrjenih kanaletah ali jarkih, nikakor pa ni dopustno prelivanje koncentriranih iztokov v samo jamo. Za zajem
povrsinskih vod, ki priteCejo v gradbeno jamo je potrebno na dnu jame ob robovih predvideti zaSasne mulde, Crpalis¢a ali
primerljiv ukrep s katerim se vode zajame in kontrolirano odvede z dna jame.

1.5.7 Koncne ureditve

Po koncani izvedbi gradbene jame in objekta se po potrebi porusi vezna greda, da se pilote prilagodi kon¢ni ureditvi terena.

158 Zakljucki

Pri izvedbi naj se izvaja geomehanski in projektantski nadzor, ki bo preveril primernost in ustreznost ukrepov. V primeru
ugotavljanja neskladja med dejanskim stanjem in projektno dokumentacijo, je potrebno obvestiti projektanta in nadzornega
inzenirja. Projektant bo po potrebi podal dodatna navodila.

Vse izkope gradbene jame je potrebno izvajati pod geomehanskim nadzorom, temeljna tla morajo biti prevzeta s strani
strokovnjaka geomehanika. V primeru neugodnih vremenskih vplivov je izkope potrebno zaS¢ititi pred vremenskimi vplivi, da
ne pride do zamakanja brezin.
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2 PRILOGE

2.1 STABILNOSTNE ANALIZE IN STATIENI IZRACUNI

2.1.1 Uvod

V okviru izdelave projekta »SPORTNA DVORANA - SOLSKI CENTER NOVO MESTO« so bile kot osnova za dimenzioniranje
izdelane stabilnostne analize predvidenih podpornih ukrepov. Analize so bile opravljene s programom RS2, po metodi kon¢nih
elementov (MKE). Izrauni so bili narejeni po standardu Evrokod 7, projektni pristop DA1.

Stabilnostne analize so bile izvedene za pilotno steno PS-1, PS-2 in berlinsko steno.

2.1.2 Pilotna stena PS-1

2.1.2.1

Gradnjo sidrane pilotne stene smo zaradi zahtevnosti izvedbe modelirali v ve¢ bistvenih fazah:

Faznost gradnje

1. Generalni izkop obstojeCega terena do nivoja platoja za pilotiranje,
2. lzvedba pilotov in veznih sidrnih gred,

3. Vgradnja in napenjanje pasivnih sider,

4. lzvedba izkopa do dna gradbene jame,

5. Redukcija striznih karakteristik, F=1,25.

V prilogah so prikazani rezultati stabilnostnih analiz za fazo 5.

2122

V analizi smo uporabili materiale s karakteristikami, ki so bile povzete po geolosko-geomehanskem porocilu v sklopu projektne
dokumentacije in na podlagi povratnih analiz v nadaljevanju. Karakteristike materialov in konstrukcijskih elementov,
uporabljenih v analizi, so prikazane v preglednici 1:

Vhodni podatki in robni pogoji

Accountfor | Unit Use Peak

material | materiat | ™52 | preure Weight | Porosity | Elastic | Poisson's VOUNE'S | o dual | Fadure |Masterist | Tensde | Fricson | oK Tu;ﬂq mmm ] [ Amk Unsaturated | Material ::: n:,;l:::m e =
Name | color DNt in | (s | vawe | type | mate Mm“ voung’s | criterion | Type | strength | angle "“{'k'z}"" st angle "m"" u‘;ﬂ;] Swength | Behavior | Behaviour | modulus | calculating x:i Value
m3} nodulus [kpa) | (degrees) (kra) | [dezrees) Reduction) (kra] | effective stress
. 17.5 0.5 Isotropic 03 6000 No ;‘r:f';;a Plastic o 3 5 o 23 o ¥ None Drained 2.2e+06 NO Ru o
Gg,:-; D pL 0.5 5ot 03 20000 No :r::'::;u Plast o 33 0.1 o 33 o1 o ¥ Non: Draind 2.2e+06 NO Ru o
Apnenec D 2 0.5 Isotr 0.3 250000 No :r::iv;u Flast o a0 40 o a0 a0 o ¥ Nons Drane 2.2e+05 No Ru o
Bolt Bolt il ki Bolt | Out-of-Plane L e loint ko Constant Pre-tensioning Face e
Bolt Name Color | Type Diameter | Modulus,E Model | Spacing (m) Stiffness (kN/m/ Shear Tensioning Force in Install Stage Plates Length
{mm) (kPa) m) Force (kN) {m)
Sidro 3x6"/ .
251kN_1 . Tieback 26.39 1.95e+08 Yes 3 100000 No 251 Yes Attached 6
Liner Liner Liner Beam Element Axial Strain Young's Poisson's | Material Method Area Moment of
Name Color Type Formulation (+Expansion) Modulus (kPa) Ratio Type (m2) Inertia (m4)
PILOT Standard . .
] . Timoshenko 0 3e+07 0.2 Flastic Area 0.196 0.00306641
fi50/1.0m Beam
Slika 1: Vhodni podatki o karakteristikah materialov in podpornih ukrepov za PS-1
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2123 Splosno

Po delu severnega oboda gradbene jame, je predvidena enkrat sidrana pilotna stena. Piloti so premera ®50cm in bodo uvrtani
vsaj 0,9m pod dno gradbene jame oziroma 1,25m v matiéno hribinsko podlago. Povezuije jih AB sidrna vezna greda dimenzije

b/h = 70x70cm.

Za potrebe dimenzioniranja smo izvedli stabilnostne analize, ki so prikazane v nadaljevanju.

2124

SIDRANA PILOTNA STENA PS-1

Rezultati stabilnostnega preracuna in dimenzioniranje v osi pilotne stene PS-1

M5d1= 1,35 x M'sd1 xL
Msd2= 1,00 x M'sdzx L
Msa= max(Msg1, Msq2)

Pd1= 1,35 X P'd1 X 1,0
Pd2= 1,00 X P'dzx 1,0
Py= max(P'q1,P'az, Po)

PILOT
L= 1.00 m osni razmek med pilofi
Mgg1= 69.50 kNnVm momentv pilotu pri F=1,00
Msao= 69.70 kNm/m momentv pilotu pri F=1,25
Mgy= 93.8 kNm racunski moment v pilotu

1. VRSTA SIDRO (geotehnicno sidro 3x6"/251kN)

L= 320 m osni razmek med sidri
Pp= 251.00 kN sila prednapeta
Pg1= 278.80 kN sila v sidru pri F=1,00
Py= 278.80 kN sila v sidru F=1,25
Py= 376.4 kN racunska sila v sidru

1. SIDRNA VEZNA GREDA

L= 3.00 m osni razmek med sidri
0= 35 ° kot sidra
Pd= 376 kN raCunska sila v sidru
Pd,h= 308 kN raCunska horizontalna sila
Pd,v= 216 kN raCunska vertikalna sila
Msd,y= 231 kNm ra¢unski moment,y
Msd,z= 162 kNm racunski moment,z
Vsd,z= 154 kN racunska preéna sila, z
Vsd,y= 108 kN racunska preéna sila,y
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2125 Dolocitev konstrukcijskih elementov

IzraCun konstrukcijskih elementov podpornih objektov (piloti + greda) je bil izveden v programu betonexpress. Rezultate
izracunov prilagamo v prilogah. V nadaljevanju prilagamo povzetke izraCunov in dimenzioniranje elementov.

a Piloti
e Piloti: $50cm/1,0m
o Jeklo: B500
o Betonin prerez : C30/37
e Stremena: $12/15cm
e Vzdolzna armatura: 8916
e ZasCitni sloj: 8cm
b Sidrna vezna greda

Vezna greda povezuje Benotto pilote. Je kvadratnega prereza, njene dimenzije so bxh=70/70cm. Armatura vezne grede je
rebrasta S500. Vezna greda je iz armiranega betona C30/37.

e Jeklo:
e Beton:
e Stremena:

e VzdolZzna armatura:
o  ZasCitni sloj:

c Sidra

S500
C30/37
$12/15cm
20 p14

5cm

vezna dolZina za sidra v hribinah (po avtorju Littlejohn-u):

q,= 40000 kPa

Duyrine= 91 mm
T,= 4000 kPa
Lpong= 6.0 m
Fs= 1.4
Fi 2450 kN
e Sidra:

e Nosilnost sidra:
e Sila prednapetja:

e DolZina vpetja:

T, =(01=qg,):t, < 4.2MPa

_ 05 x Ty X {.l'f * D= Lbﬁ:‘!d)

F"
d Fs

geotehni¢na sidra 3x6"
Pmin=586kN

Po=251kN

L=6m
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2126 Izpis stabilnostnega preracuna v osi pilotne stene PS-1
40 kMN/m2 2232
pyo
Slika 2: Prikaz racunskega modela za kon¢no stanje konstrukcije
- A0 kNim2 TIPS i

Effective

Sigma 1

min (stage): 1.25 kPa
0.00

280.
max (stage): 277.28 kPa

s Shear
< Tension

Slika 3: Zacetno stanje - glavne napetosti
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Effective

278 821kN Axis| Force Sigma 1
5 min (stage): 3.53 kPa
0.00

27.00

5.238 [ktim] Memant

.00
.00

L]

270.00
max (stage): 265.46€ kPa

OkM Axigl Foroe

* Shear
e Tension

s.“?-\}\v;'.

Effective

Sigma 1

min (stage): 2.57 kPa
0.00

278 B4TkM Axial Force

27.00

54.00

g1.00

108.00

.00
ke .00
.00

L]

270.00
max (stage): 265.80 kPa

DkN Axial Force:
s Shear
el Tension

Slika 5: Izkop do dna gradbene jame - glavne napetosti, momenti v pilotu in osne sile v sidrih pri SRF=1,25
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Total

Displacement

min {stage): 0.000 m
0.000

0.001

0.001

0.002

0.002

.003

.004

5.238 [kNm] Moment

.004

.00%

.005

L0086
max (stage): 0.006 m

OkN Axial Force

# Shear
o Tension

Slika 6: Premiki konstrukcije pri SRF=1,0
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2.1.3.1

Pilotna stena PS-2

Faznost gradnje

Gradnjo sidrane pilotne stene smo zaradi zahtevnosti izvedbe modelirali v ve¢ bistvenih fazah:

6.
7.
8.
9.
10.

Izvedba pilotov in veznih sidrnih gred,
Vgradnja in napenjanje pasivnih sider,
Izvedba izkopa do dna gradbene jame,
Redukcija striznih karakteristik, F=1,25.

V prilogah so prikazani rezultati stabilnostnih analiz za fazo 5.

2132

Vhodni podatki in robni pogoji

Generalni izkop obstojeCega terena do nivoja platoja za pilotiranje,

V analizi smo uporabili materiale s karakteristikami, ki so bile povzete po geolosko-geomehanskem poroCilu v sklopu projektne

dokumentacije in na podlagi povratnih analiz v nadaljevanju. Karakteristike materialov in konstrukcijskih elementov,
uporabljenih v analizi, so prikazane v preglednici 1:

. Account for Unit Use Peak Peak Residual | Residual _ . Apply SSR Fluid Use Biot's
Material Material u:::“ Maisture ‘Weight | Porosity | Blastic | Poisson’s :I:::“: Rasidual Failure Material | Tensile Friction Cu:::m Tensile Friction (m::: D:;:“ (Shear Unsatursted | Material Bulk Coefficient for Water Ru
Mame Cotor | g | Comemtin | Vae | Type Ratic (kpa) | Younss |Criterion | Type | Stength | dngle P ngth | Angle Woal | idegrees) | Sreneth Behavior | Behaviour | Modubus cabeulating Mode | Value
Unit Weight | m3) Maduhus (kPa) | {degrees) (kPa) | {degrees) Reduction) (kPa) | Effective Stress
Ficid
] y Nz 175 e | M 2 2 Nan Draned | 22640 Ha A
na Mahr
it D No 195 2 No P 01 0.1 Noa Draned | 22e406 N R
Agn O Na 25 250000 T R Nan Drained | 226406 N [
Bolt Bolt - - = S FR— .
Bolt . Tensile Residual Tensile Out-of-Plane Pre-Tensioning Constant Pre-tensioning Force in
Bolt Name Bolt Type Diameter Modulus,E . = -
Color Capacity (kN) Capacity (kN) Spacing (m) Force (kN) Install Stage
{mm) (kPa)
IBO R32/250 End
!__ . " 51.54 1.6e+8 1200 1200 0.8 10 Yes
spodnji Anchored
End
1BO R32/250 . " 51.54 1.6e+#8 1200 1200 3.2 50 Yes
Anchored
. Liner Liner Type Beam Element Axial Strain Young's Modulus | Poisson's Material Method Area Moment of Unit Weight
Color vp Formulation [+Expansion) (kPa) Ratio Type [m2) Inertia (m4) (kN/m3)
PILOT fi50/ . Standard Timoshenko 0 3eH)7 0.2 Elastic Area 0.196 0.00306641
1.0m Beam
Pilot 40, Standard
tlot a0/ ] andar Timashenko 0 3407 0.2 Elastic | Area | 0.157 0.00157 2
0,8m Beam

Slika 7: Vhodni podatki o karakteristikah materialov in podpornih ukrepov za PS-2
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2133 Splosno

Po delu severnega oboda gradbene jame, je predvidena enkrat sidrana pilotna stena. Piloti so premera ®40cm in bodo uvrtani
1,00m v matiéno hribinsko podlago o0z. bodo generalno nad dnom gradbene jame. Povezuje jih AB sidrna vezna greda
dimenzije b/h = 50x50cm, pete pilotov se stabilizira s pasivnimi IBO R23/250 sidri dolzine 6,0m

Za potrebe dimenzioniranja smo izvedli stabilnostne analize, ki so prikazane v nadaljevanju.

2134 Rezultati stabilnostnega preracuna in dimenzioniranje v osi pilothe stene PS-2

SIDRANA PILOTNA STENA PS-2

M5d1= 1,35 X M'sd1 xL Pd1= 1,35 X P'd1 X 1,0
Msd2= 1,00 X M'sdzx L Pd2= 1,00 X P'dzx 1,0
Msq= max(Msg1, Msa2)  Pg= max(P'q1,P'az, Po)

PILOT
L= 0.80 m osni razmek med pilofi
Mgg1= 20.50 kNnVm momentv pilotu pri F=1,00
Msao= 17.20 kNm/m momentv pilotu pri F=1,25
Mgy= 22.1 kNm racunski moment v pilotu

1. VRSTA SIDRO (IBO pasivno sidro fi32/250)

L= 320 m osni razmek med sidri
Pp= 50.00 kN sila prednapeta
Pg1= 92.00 kN sila v sidru pri F=1,00
Pa= 89.00 kN sila v sidru F=1,25
Py= 124.2 kN racunska sila v sidru

1. SIDRNA VEZNA GREDA

L= 320 m osni razmek med sidri
0= 35 ° kot sidra
Pd= 124 kN raCunska sila v sidru
Pd,h= 102 kN raCunska horizontalna sila
Pd,v= 71 kN raCunska vertikalna sila
Msd,y= 81 kNm ra¢unski moment,y
Msd,z= 57 kNm racunski moment,z
Vsd,z= 51 kN racunska preéna sila, z
Vsd,y= 36 kN racunska preéna sila,y
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2135 Dolocitev konstrukcijskih elementov

IzraCun konstrukcijskih elementov podpornih objektov (piloti + greda) je bil izveden v programu betonexpress. Rezultate
izracunov prilagamo v prilogah. V nadaljevanju prilagamo povzetke izraCunov in dimenzioniranje elementov.

a Piloti
e Piloti: $40cm/0,80m
o Jeklo: B500
o Betonin prerez : C30/37
e Stremena: $12/15cm
e Vzdolzna armatura: 8916
e ZascCitni sloj: 8cm
b Sidrna vezna greda

Vezna greda povezuje Benotto pilote. Je kvadratnega prereza, njene dimenzije so bxh=70/70cm. Armatura vezne grede je

rebrasta S500. Vezna greda je iz armiranega betona C25/30.

e Jeklo: S500
e Beton: C25/30
e Stremena: $12/15cm
e VzdolZna armatura: 12 14
o  Za&Citni sloj: 5cm
c Sidra

vezna dolZina za sidra v hribinah (po avtorju Littlejohn-u):

q,= 40000 kPa

Dyine=~ 91 mm . = (0,1 +q.)iTu < 4,2MPa
T,= 4000 kPa _
F _U'Sx rux{."rxﬂx'{"bﬁr:d)
Lbond= 20 m d = Fs
Fs= 1.4
F&= 817 kN
e Sidra: pasivna IBO sidra R23/250
¢ Nosilnost sidra: Pmin=250kN
¢ Sila prednapetja: Po=251 kN

e DolZina veznega dela v hribini L=2,0 - 3,0m
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2136 Izpis stabilnostnega preracuna v osi pilotne stene PS-1
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Slika 8: Prikaz racunskega modela za koncno stanje konstrukcije

Slika 9: Zacetno stanje - glavne napetosti
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Sigma 1 /]
min (stage): 4.03 kPa 151201 i e
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33.00
66.00
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132.00
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1598.00
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Slika 10: Izkop do dna gradbene jame - glavne napetosti, momenti v pilotu in osne sile v sidrih pri SRF=1,00

Effective
Sigma 1

min (stags): 4.03 kPa
0.00

33.00
66.00
899.00
132.00
165.00
198.00
231.00
264.00
297.00

330.00
max (stage): 324.72 kPa

0.425 [kNm] Moment

o e o
&

Slika 11: Izkop do dna gradbene jame - glavne napetosti, momenti v pilotu in osne sile v sidrih pri SRF=1,25
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Total

Displacement

min (stage): 0.000 m
0.000

0.002

L0135

0.01%

max (stage):

0.01% m

Slika 12: Premiki konstrukcije pri SRF=1,0

priloge 22126



Sportna dvorana — Solski center Novo mesto AC
St projekta 028-23
St nacrta 028-23-21 &p

2.1.4 Berlinska stena

Berlinska stena se izvede iz vtisnjenih Zelezniskih timic S49, prostor med njimi se zapolni z lesenimi plohi. Predvidena je
uporaba tirnic dolzine 4,0m. Tirnice so vtisnjene v plast pliokvartarne gline. Najvecja dolZina vrhnjega konzolnega dela
berlinske stene zna$a 0,5m.

DIMENZIONIRANJE VERTIKAL BERLINSKE STENE S49
M [KNm] F W [cm3] D [m] fd [kN/cm2] fy [KN/cm2]
3.6 1.35 2521 0.75 14 235
MxFxD
fd —_ fa < fy
N w
M momentna obremenitev profia
F varnoshi faktor
W odpornostni moment prereza
D razmak med profil
fd raCunska napetostv profiu
fy natezna trdnost jekla
¢ Nosilne vertikale : S49; D =0,75m
e Polnilo; Leseni plohi; d=5cm
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2.2 PROJEKTANTSKI POPIS DEL S PREDRACUNOM
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028-23 Solski center NM

tovarni$ka cesta 26, 5270 ajdovscina | +386 (0)5 85 00 740 | info@acap.si 2.1 Naért varovanja gradbene jame
POPIS DEL
Zap.$t |Opis | EMlkoI. cenalenotolznesek EUR
PREDDELA
Geodetska dela
1 ZakoliCenje pilotov in grede ter zavarovanje profilov pav 1.00 0.00
2 Zakolicenje delovnega platoja, gradbene jame ter tock za pav 1.00 0.00

Siroki izkop in zavarovanje profilov

Ostala preddela

4 Organizacija gradbi$¢a za potrebe geomehanskih del - pav 1.00 0.00
postavitev za¢asnih objektov, zavarovanje gradbisca,
varovanje gr. jame, varovanje pred prahom in hrupom,..

Transporti

5 Transport geomehanske mehanizacije (vrtalna garnitura pav 1.00 0.00
za izdelavo pilotov fi50) na gradbiée ter odvoz z
gradbisca

6 Transport geomehanske mehanizacije (vrtalna garnitura pav 1.00 0.00
za izdelavo pilotov fi40 in sider) na gradbisce ter odvoz z
gradbiséa

PREDDELA SKUPAJ 0.00

ZEMELJSKA DELA

Izkopi

7 Izkop vezljivih zemljin do 3. kategorije z vgradnjo v nasip, m3 0.00 0.00
brez transporta. (ureditev delovnega platoja)

8 Izkop vezljive zemljine - 3. kategorije skupaj z m3 370.00 0.00
nakladanjem (poglobitev za vezno gredo)

9 Sirok izkop vezljive zemljine - 3. kategorije skupaj z m3 6,230.00 0.00
nakladanjem (generalni izkop gradbene jame)

10 Sirok izkop kompaktne hribine - 5. kategorije skupaj z m3 1,660.00 0.00
nakladanjem (generalni izkop gradbene jame)

11 Ureditev planuma temeljnih tal mehke zemljine - 2. in 3. m2 60.00 0.00
kategorije (pilotna greda)

Nasipi, zasipi

12 Izdelava nasutja za objektom iz zrnate kamnine 0/128 z m3 1,650.00 0.00
dobavo iz kamnoloma.

Koli in vodnjaki

13 Vrtanje s cevitvijo za izdelavo uvrtanih kolov iz ojaéenega m1 120.00 0.00
cementnega betona, sistema Benotto, premera 40 c¢m,
izkop v glinah in grucih. DolZina pilotov je 2,5 m do 4 m.
Stevilo pilotov je 41.

14 Vrtanje s cevitvijo za izdelavo uvrtanih kolov iz ojaéenega m1 41.00 0.00
cementnega betona, sistema Benotto, premera 40 cm,
izkop v apnencih do globine 2,5m v podlago. Dolzina
pilotov je 2,5 m do 4 m. Stevilo pilotov je 41.

15 Vrtanje s cevitvijo za izdelavo uvrtanih kolov iz ojaéenega m1 108.00 0.00
cementnega betona, sistema Benotto, premera 50 cm,
izkop v glinah in gruscih. Dolzina pilotov je 4 m do 6.3 m.
Stevilo pilotov je 25.

16 Vrtanje s cevitvijo za izdelavo uvrtanih kolov iz ojaéenega m1 31.00 0.00
cementnega betona, sistema Benotto, premera 50 c¢m,
izkop v apnencih do globine 2,0m v podlago. Dolzina
pilotov je 4 m do 6.3 m. Stevilo pilotov je 25.

17 Odbijanje glav pilota premera 50cm z nakladanjem in kos 25.00 0.00
odvozom poru$enega betona (odbije se zgornjih 50cm
pilota 0z. do kote za izvedbo grede).
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tovarni$ka cesta 26, 5270 ajdovscina | +386 (0)5 85 00 740 | info@acap.si

028-23 Solski center NM

2.1 Nacrt varovanja gradbene jame

POPIS DEL
Zap.$t |Opis | EMlkoI. cenalenotolznesek EUR
18 Odbijanje glav pilota premera 40cm z nakladanjem in kos 41.00 0.00
odvozom poru$enega betona (odbije se zgornjih 50cm
pilota 0z. do kote za izvedbo grede).
19 Rocni izkop okoli pilotov v zemljini 2. in 3 kategorije m3 15.00 0.00
Berlinska stena
21 Dobava, vgraditev in vzdrZevanje jeklene zagatne stene
tirnice: $49, L=4.0m na razmaku 0,75m 50.00 ’ 0.00
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tovarni$ka cesta 26, 5270 ajdovscina | +386 (0)5 85 00 740 | info@acap.si

028-23 Solski center NM

2.1 Nacrt varovanja gradbene jame

POPIS DEL

Zap. st |Opis

EMlkoI.

cenalenotolznesek EUR

Prevozi, razprostiranje in ureditev deponij materiala

22 Odvoz zemljin do 3. ktg na trajno deponijo, vkljuéno z
deponiranjem. Postavka vkljuCuje vse stroSke, povezane
z deponiranjem materiala (upo$tevani vsi upravni
postopki, raziskave materialov, ipd..)

6,600.00

0.00

23 Odvoz hribin 4., 5. in 6. ktg v predelavo (drobljenje) ali na
trajno deponijo. Postavka vkljuéuje vse stroSke, povezane
z deponiranjem ali drobljenjem materiala (upoStevani vsi
upravni postopki, raziskave materialov, ipd..)

m3

1,660.00

0.00

Sidranje

24 Dobava, vrtanje, vgraditev in injektiranje trajnega
pasivnega sidra IBO R32-250 dolzine L=6-12m; (v ceni
postavke upostevati vse stroske in material za izvedbo
sidra vkljuéno z dobavo in vgradnjo sidris¢,
protikorozijsko za$c€ito, ustrezni certifikati, napenjalni
preizkusi...)

m1

366.00

0.00

25 Dobava, vrtanje, vgraditev in injektiranje 7 kos zaCasnih
geotehnicnih sider 3x0,62" vezne dolZine Lv=6m, Lp=6-
9m; upostevati Se dolZino potrebno za napenjanje (v ceni
postavke upostevati vse stroske in material za izvedbo
sidra vkljuéno z dobavo, vgradnjo, ustreznimi certifikati...)

m1

431.25

0.00

26 Dobava in vgradnja dodatne injekcijske mase za sidra
IBO R32-250, ki presegajo osnovno porabo. Za meter
sidra pri Wc=0,45 poraba cementa zna$a 25 kg. OCENA

kg

1,500.00

0.00

27 Dobava in vgraditev rezervnih sidri8¢, z brez8ivno cevjo
in naleZno jekleno plo3¢o

kos

21.00

0.00

ZEMELJSKA DELA SKUPAJ

0.00

GRADBENA IN OBRTNISKA DELA

Dela s cementnim betonom

28 Dobava in vgraditev podloznega cementnega betona
C12/16 v prerez do 0,15 m3/m2

m3

60.00

0.00

29 Dobava in vgraditev ojatenega cementnega betona
C30/37 XC4; XD3; PVIl v prerez od 0,31 do 0,50 m3/m1 -
AB greda 50/50 in 70/70cm.

m3

2110

0.00

30 Dobava in vgraditev cementnega betona C30/37 XC4;
XD3; PVII, v prerez od 0,11 do 0,20 m3/m1 - piloti fi
40cm in fi50cm.

m3

47.37

0.00

31 Izravnava ostenja gradbene jame z vidnim cementnim
betonom C25/30, XC4; XD3; VB-II, debeline 10-15¢m,
kompletno z mrezo Q196, pritrjeno z jeklenimi sidri v
pilote oziroma zaledje izkopa. UpoStevan je preklop

m2

0.00

0.00
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028-23 Solski center NM

tovarni$ka cesta 26, 5270 ajdovscina | +386 (0)5 85 00 740 | info@acap.si 2.1 Naért varovanja gradbene jame
POPIS DEL
Zap.$t |Opis | EMlkoI. cenalenotolznesek EUR

Dela z jeklom za ojaCitev

32 Dobava in postavitev armaturnih koSev iz rebrastih palic kg 477713 0.00
(fi 8-16mm) iz visokovrednega naravno trdega jekla B500
B za srednje zahtevno ojacitev (piloti fi40).

33 Dobava in postavitev armaturnih koSev iz rebrastih palic kg 4,386.88 0.00
(fi 10-16mm) iz visokovrednega naravno trdega jekla
B500 B za srednie zahtevno ojacitev (piloti fi50).

34 Dobava in postavitev rebrastih palic iz visokovrednega kg 1,495.52 0.00
naravno trdega jekla B500 B s premerom 14 mm in
vegjim, za srednje zahtevno ojacitev (AB grede)

35 Dobava in postavitev rebrastih Zic iz visokovrednega kg 1,120.00 0.00
naravno trdega jekla B500 B s premerom do 12 mm, za
srednje zahtevno ojacitev (AB grede)
Tesarska dela

36 Izdelava dvostranskega vezanega opaZa AB gred in m2 72.00 0.00
zidov.
Dilatacija
37 lzdelava dilatacije po detajlu v prilogi. kos 13.00 0.00
GRADBENA IN OBRTNISKA DELA SKUPAJ 0.00
TUJE STORITVE
Preskusi, nadzor in tehni€na dokumentacija
38 Preizkus zveznosti pilota kos 15.00 0.00
39 Dobava in vgraditev reperjev za monitoring objektov kos 6.00 0.00
40 Izvedba zaCetne meritve reperjev. kpl 1.00 0.00
41 Geomehanski nadzor ur 100.00 0.00
42 Projektantski nadzor ur 100.00 0.00
43 lzdelava projekta izvedenih del PID kpl 1.00 0.00
TUJE STORITVE SKUPAJ 0.00
REKAPITULACIJA
PREDDELA SKUPAJ: 0.00
ZEMELJSKA DELA SKUPAJ 0.00
GRADBENA IN OBRTNISKA DELA SKUPAJ 0.00
TUJE STORITVE SKUPAJ 0.00
NEPREDVIDENA DELA 10% 0.00
SKUPAJ 0.00
DDV 22%: 0.00
SKUPAJ Z DDV: 0.00
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028-23 Solski center NM

tovarni$ka cesta 26, 5270 ajdovscina | +386 (0)5 85 00 740 | info@acap.si 2.1 Naért varovanja gradbene jame

PROJEKTANTSKI PREDRACUN

Siroki izkop in zavarovanje profilov

Zap.$t |Opis | EMlkoI. | cenalenotolznesek EUR
PREDDELA
Geodetska dela
1 ZakoliCenje pilotov in grede ter zavarovanje profilov pav 1.00 500.00 500.00
2 Zakolicenje delovnega platoja, gradbene jame ter tock za pav 1.00 500.00 500.00

Ostala preddela

4 Organizacija gradbi$¢a za potrebe geomehanskih del - pav 1.00 1,500.00
postavitev za¢asnih objektov, zavarovanje gradbisca,
varovanje gr. jame, varovanje pred prahom in hrupom,..

1,500.00

Transporti

5 Transport geomehanske mehanizacije (vrtalna garnitura pav 1.00 5,750.00
za izdelavo pilotov fi50) na gradbiée ter odvoz z
gradbisca

5,750.00

6 Transport geomehanske mehanizacije (vrtalna garnitura pav 1.00 5,000.00
za izdelavo pilotov fi40 in sider) na gradbisce ter odvoz z
gradbiséa

5,000.00

PREDDELA SKUPAJ

13,250.00

ZEMELJSKA DELA

Izkopi

7 Izkop vezljivih zemljin do 3. kategorije z vgradnjo v nasip, m3 0.00 6.50
brez transporta. (ureditev delovnega platoja)

0.00

8 Izkop vezljive zemljine - 3. kategorije skupaj z m3 370.00 5.50
nakladanjem (poglobitev za vezno gredo)

2,035.00

9 Sirok izkop vezljive zemljine - 3. kategorije skupaj z m3 6,230.00 4.50
nakladanjem (generalni izkop gradbene jame)

28,035.00

10 Sirok izkop kompaktne hribine - 5. kategorije skupaj z m3 1,660.00 12.50
nakladanjem (generalni izkop gradbene jame)

20,750.00

11 Ureditev planuma temeljnih tal mehke zemljine - 2. in 3. m2 60.00 1.25
kategorije (pilotna greda)

75.00

Nasipi, zasipi

12 Izdelava nasutja za objektom iz zrnate kamnine 0/128 z m3 1,650.00 20.00
dobavo iz kamnoloma.

33,000.00

Koli in vodnjaki

13 Vrtanje s cevitvijo za izdelavo uvrtanih kolov iz ojaéenega m1 120.00 75.00
cementnega betona, sistema Benotto, premera 40 c¢m,
izkop v glinah in grucih. DolZina pilotov je 2,5 m do 4 m.
Stevilo pilotov je 41.

9,000.00

14 Vrtanje s cevitvijo za izdelavo uvrtanih kolov iz ojaéenega m1 41.00 90.00
cementnega betona, sistema Benotto, premera 40 cm,
izkop v apnencih do globine 2,5m v podlago. Dolzina
pilotov je 2,5 m do 4 m. Stevilo pilotov je 41.

3,690.00

15 Vrtanje s cevitvijo za izdelavo uvrtanih kolov iz ojaéenega m1 108.00 86.25
cementnega betona, sistema Benotto, premera 50 cm,
izkop v glinah in gruscih. Dolzina pilotov je 4 m do 6.3 m.
Stevilo pilotov je 25.

9,315.00

16 Vrtanje s cevitvijo za izdelavo uvrtanih kolov iz ojaéenega m1 31.00 103.50
cementnega betona, sistema Benotto, premera 50 c¢m,
izkop v apnencih do globine 2,0m v podlago. Dolzina
pilotov je 4 m do 6.3 m. Stevilo pilotov je 25.

3,208.50

17 Odbijanje glav pilota premera 50cm z nakladanjem in kos 25.00 28.75
odvozom poru$enega betona (odbije se zgornjih 50cm
pilota 0z. do kote za izvedbo grede).

718.75
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028-23 Solski center NM

tovarni$ka cesta 26, 5270 ajdovscina | +386 (0)5 85 00 740 | info@acap.si 2.1 Naért varovanja gradbene jame
PROJEKTANTSKI PREDRACUN

Zap.$t |Opis | EMlkoI. | cenalenotolznesek EUR
18 Odbijanje glav pilota premera 40cm z nakladanjem in kos 41.00 25.00 1,025.00

odvozom poru$enega betona (odbije se zgornjih 50cm
pilota 0z. do kote za izvedbo grede).

19 Rocni izkop okoli pilotov v zemljini 2. in 3 kategorije m3 15.00 65.00 975.00

Berlinska stena

21 Dobava, vgraditev in vzdrZevanje jeklene zagatne stene
tirnice: S49, L=4.0m na razmaku 0,75m 50.00 m 70.00 3,500.00
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028-23 Solski center NM

tovarni$ka cesta 26, 5270 ajdovscina | +386 (0)5 85 00 740 | info@acap.si 2.1 Naért varovanja gradbene jame
PROJEKTANTSKI PREDRACUN
Zap.$t |Opis | EMlkoI. | cenalenotolznesek EUR

Prevozi, razprostiranje in ureditev deponij materiala

22 Odvoz zemljin do 3. ktg na trajno deponijo, vkljuéno z m3 6,600.00 5.50 36,300.00
deponiranjem. Postavka vkljuCuje vse stroSke, povezane
z deponiranjem materiala (upo$tevani vsi upravni
postopki, raziskave materialov, ipd..)

23 Odvoz hribin 4., 5. in 6. ktg v predelavo (drobljenje) ali na m3 1,660.00 6.50 10,790.00
trajno deponijo. Postavka vkljuéuje vse stroSke, povezane
z deponiranjem ali drobljenjem materiala (upoStevani vsi
upravni postopki, raziskave materialov, ipd..)

Sidranje

24 Dobava, vrtanje, vgraditev in injektiranje trajnega m1 366.00 82.00 30,012.00
pasivnega sidra IBO R32-250 dolzine L=6-12m; (v ceni
postavke upostevati vse stroske in material za izvedbo
sidra vkljuéno z dobavo in vgradnjo sidris¢,
protikorozijsko za$c€ito, ustrezni certifikati, napenjalni
preizkusi...)

25 Dobava, vrtanje, vgraditev in injektiranje 7 kos zaCasnih m1 431.25 93.00 40,106.25
geotehnicnih sider 3x0,62" vezne dolZine Lv=6m, Lp=6-
9m; upostevati Se dolZino potrebno za napenjanje (v ceni
postavke upoStevati vse stro3ke in material za izvedbo
sidra vkljuéno z dobavo, vgradnjo, ustreznimi certifikati...)

26 Dobava in vgradnja dodatne injekcijske mase za sidra kg 1,500.00 0.25 375.00
IBO R32-250, ki presegajo osnovno porabo. Za meter
sidra pri Wc=0,45 poraba cementa zna$a 25 kg. OCENA

27 Dobava in vgraditev rezervnih sidri8¢, z brez8ivno cevjo kos 21.00 45.00 945.00
in naleZno jekleno plo3¢o
ZEMELJSKA DELA SKUPAJ 233,855.50

GRADBENA IN OBRTNISKA DELA

Dela s cementnim betonom

28 Dobava in vgraditev podloznega cementnega betona m3 60.00 95.00 5,700.00
C12/16 v prerez do 0,15 m3/m2

29 Dobava in vgraditev ojatenega cementnega betona m3 21.10 105.00 2,215.50
C30/37 XC4; XD3; PVIl v prerez od 0,31 do 0,50 m3/m1 -
AB greda 50/50 in 70/70cm.

30 Dobava in vgraditev cementnega betona C30/37 XC4; m3 47.37 108.00 5,115.85
XD3; PVII, v prerez od 0,11 do 0,20 m3/m1 - piloti fi
40cm in fi50cm.

31 Izravnava ostenja gradbene jame z vidnim cementnim m2 0.00 45.00 0.00
betonom C25/30, XC4; XD3; VB-II, debeline 10-15¢m,
kompletno z mrezo Q196, pritrjeno z jeklenimi sidri v
pilote oziroma zaledje izkopa. UpoStevan je preklop
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028-23 Solski center NM

2.1 Nacrt varovanja gradbene jame

PROJEKTANTSKI PREDRACUN

Zap.$t |Opis EMlkoI. | cenalenotolznesek EUR
Dela z jeklom za ojaCitev
32 Dobava in postavitev armaturnih koSev iz rebrastih palic kg 477713 1.40 6,687.98
(fi 8-16mm) iz visokovrednega naravno trdega jekla B500
B za srednje zahtevno ojacitev (piloti fi40).
33 Dobava in postavitev armaturnih koSev iz rebrastih palic kg 4,386.88 1.40 6,141.63
(fi 10-16mm) iz visokovrednega naravno trdega jekla
B500 B za srednie zahtevno ojacitev (piloti fi50).
34 Dobava in postavitev rebrastih palic iz visokovrednega kg 1,495.52 1.40 2,093.73
naravno trdega jekla B500 B s premerom 14 mm in
vegjim, za srednje zahtevno ojacitev (AB grede)
35 Dobava in postavitev rebrastih Zic iz visokovrednega kg 1,120.00 1.40 1,568.00
naravno trdega jekla B500 B s premerom do 12 mm, za
srednje zahtevno ojaditev (AB grede)
Tesarska dela
36 Izdelava dvostranskega vezanega opaZa AB gred in m2 72.00 20.00 1,440.00
zidov.
Dilatacija
37 lzdelava dilatacije po detajlu v prilogi. kos 13.00 50.00 650.00
GRADBENA IN OBRTNISKA DELA SKUPAJ 31,612.69
TUJE STORITVE
Preskusi, nadzor in tehni¢na dokumentacija
38 Preizkus zveznosti pilota kos 15.00 35.00 525.00
39 Dobava in vgraditev reperjev za monitoring objektov kos 6.00 85.00 510.00
40 Izvedba zaCetne meritve reperjev. kpl 1.00 300.00 300.00
41 Geomehanski nadzor ur 100.00 55.00 5,500.00
42 Projektantski nadzor ur 100.00 55.00 5,500.00
43 lzdelava projekta izvedenih del PID kpl 1.00 4,000.00 4,000.00
TUJE STORITVE SKUPAJ 16,335.00
REKAPITULACIJA
PREDDELA SKUPAJ: 13,250.00
ZEMELJSKA DELA SKUPAJ 233,855.50
GRADBENA IN OBRTNISKA DELA SKUPAJ 31,612.69
TUJE STORITVE SKUPAJ 16,335.00
NEPREDVIDENA DELA 10% 29,505.32
SKUPAJ 324,558.51
DDV 22%: 71,402.87
SKUPAJ Z DDV: 395,961.39

028_23_Varovanje gradbene jame_SC Novo mesto_Popis del_PZIHala Sepic VGJ_predracun




Sportna dvorana - Solski center Novo mesto AC
St projekta 028-23
St nacrta 028-23-21 &p

23 STATICNI IZRACUN PILOTOV IN GRED

priloge 25126



Solski center NM 27/05/2024

Solski center NM 27/05/2024

1.

Piloti £i50/1,0m PS-1

Isolated column single bending

(EC2 EN1992-1-1:2004, ECO EN1990:2002, )

D =0.500 m, Ned = 50.00 kN
Med yy = 95.00 kNm, Med zz = 0.00 kNm

Reinforced concrete design

Concrete-Steel class: C30/37-B500C (EC2 §3)
Environmental class : XC1l (EC2 §4.4.1)
Concrete cover : Cnom=50 mm (EC2 §4.4.1)
Concrete weight : 25.0 kN/m?

yc=1.50, ys=1.15 (EC2 Table 2.1N)
fcd=acc " fck/yc=1.00x30/1.50=20.00 MPa (EC2 §3.1.6)
fctd=act -fctk0.05/yc=1.00x2.0/1.50=1.33 MPa (EC2 §3.1.6)
fyd=fyk/ys=500/1.15=435 MPa (EC2 §3.2.7)

Modulus of elasticity of concrete Ecm=33.0 GPa

Dimensions and loads

Circular column with diameter D=0.500 m, column length L=6.500 m

Loads, Axial load Ned=50.00kN (compression), moments Medyy=95.00kNm,

Effective length direction z-z : Lcz= 1.00xL= 6.500m
Effective length direction y-y : Lecy= 1.00xL= 6.500m

Medzz=0.00kNm

Effective depth of cross section d=h-dl, dl=d2=Cnom+@s+@ /2=50+12+20/2=72mm, d=428mm

Design for compression with small eccentricity (ULS)

Ned=50.00kN, Med,yy=95.00kNm, Med,zz=0.00kNm

-9300

(EC2 §6.1, §9.2.1)

N=50.00 kN
D=500mm

Design using numerical integration

d1/D=0.14

Design chart for single bending and axial force

|
¢

obtained from numerical integration of the

Ned (kN

concrete and steel forces over the cross-section

Ned=50.00kN (compression), Med=95.00kNm

=\\°‘/5’

d

fo= 2510

C30/37-B500C

925,

D=500mm
d=428mm, dl= 72mm, d2= 72mm, d1/D=0.144

/)

e=Med/Ned=95.00/50.00=1.900m=1900mm

zs=h/2-d1=500/2-72=178mm, e=1900mm>sz=178mm

L/

/
N~

Asl=As2=736mm?, (Asl+As2)/Ac=0.75% %

£c2/es1=-3.50/10.74

As,tot=14.73cm?

700
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Minimum longitudinal reinforcement, As>=0.0020Ac, @gs>=8, As,min=¢g10 ( 4.71lcm?) (EC2 §9.5.2.2)
Maximum longitudinal reinforcement, As<=0.04Ac, (As,max=78.54cm?) (EC2 §9.5.2.3)
Transverse reinforcement, links with minimum @s at maximum spacing Scl,t (EC2 §9.5.3)
at column heights from 0.50m to H-0.50m: Links @s>=6, Scl,t<=20x18=3
at regions 0 to 0.50m and H-0.50m to H : Links @s>=6, Scl,t<=12x18=2
Basic required anchorage length Lbd=400mm =0.400m (EC2 Eg.8.3)
Longitudinal reinforcement: 8@ |6 (16.08cm?)
Transverse reinforcement: Links @j12/320 [h:0.50m~H-0.50m] , @&12/220 [h:0~0.50m, H-0.50m~H]

4. Design for second order effects (EC2 EN1992-1-1:2004, §5.8.3))
Final creep coefficient ¢(w,to)=2.50 (EC2 §3.1.4, Annex B)
Effective creep coefficient oef=¢(wn,to) - (MoEgp/MoEd)=2.50x0.50=1.25 (EC2 §5.8.4)
Modulus of elasticity of concrete Ecd=Ecm/yce=1000x33.0/1.20=27.50GPa=27500MPa (EC2 Eq.5.20)
Modulus of elasticity of steel Es=200GPa=200000MPa
Reinforcement ratio p=As/ (b-d)=1608/(500x500)=0.0064

4.1. Slenderness criterion for isolated members (EC2 EN1992-1-1:2004, §5.8.3.1)
A, 1im=20-A-B-C/+n (Eg.5.13N)
w=As ‘fyd/ (Ac-fcd)=1608x435/(500x500%x20.00)=0.14

n=Ned/ (Ac -fcd)=50000/(500x500x20.00)=0.010

A=1/(1+0.2 pef)=1/(1+0.2x1.25)=0.80

B=4(142.0 @)=+ (142.0-0.14)=1.13

C=1.70-rm=0.70, (rm=M01/M02=1.0)

A, 1im=20x0.80x1.13x0.70/+40.010=126.70

4.2. Slenderness and effective length, _direction z-z (EC2 EN1992-1-1:2004, §5.8.3.2)

Effective length Lo=pB:L=1.00x6.500=6.500 m
Slenderness ratio A=Lo/i, 1=0.250x500mm, A=6500/125=52.00 (Eg.5.14)
A=52.00<=A,1im=126.70, second order effects may be ignored

4.3. Nominal Stiffness (EC2 EN1992-1-1:2004, §5.8.7.2)

EI=Kc ‘EcdIc + Ks'Es‘'Is (EC2 Eg.5.21)
o=As/Ac=0.006, Ecd=27500MPa, Es=200000MPa
n=Ned/ (Ac -fcd)=50000/(500x500%x20.00)=0.010

Ks=1, Kc=kl'k2/(l+pef), oef=1.25 (EC2 Eg.5.22)
kl=+(fck/20)MPa=+(30/20)=1.22MPa (EC2 Eq.5.23)
k2=n-'A/170<=0.20, n=0.010, A=52.00, k2=0.003 (EC2 Eg.5.24)

Kc=1.225x0.003/(1+1.25)=0.002
EI:O.OO2X27500X5OOX5003/12+1.Ox2OOOOOx2x6O3x(356/2)2:7.88'1012Nmm2:7881kNm2

4.4. Moment magnification factor (EC2 EN1992-1-1:2004, §5.8.7.3)
Med=Moed [1+B/ ((Nb/Ned-1))], Nb=n?-EI/Lo? (EC2 Eg.5.28)
B=n?/co, co=9.6, p=1.03 (EC2 Eg.5.29)

Nb=3.142x7881/6.5002=1840.92 kN
Med/Moed=1+1.03/(1840.92/50.00-1)=1.03, Med=97.73kNm

BETONexpress 2
software byRUNET (c) AC&P d.o.o. 8105/ ]
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4.5. Nomimal curvature (EC2 EN1992-1-1:2004, §5.8.8)
Med=Moed+M2, M2=Ned-e2, e2=(1/r)lo?/c, 1/r=Kr Ko (1l/ro) (EC2 Eg.5.31, 5.33, 5.34)
Kr=(nu-n)/ (nu-nbal)<=1, Ke=1+B - poef>=1, 1/ro=eyd/ (0.45-d) (EC2 Eg.5.34, 5.36, 5.37)

n=Ned/ (Ac -fcd)=0.010, nu=l+w=1+0.140=1.140, nbal=0.4
Kr=(1.140-0.010)/(1.140-0.4)=1.527<=1 = 1.000

eyd=fyd/Es=435.00/200000.00=0.00218
p=0.35+fck/200-72/150=0.35+30.00/200-52.00/150=0.153, Koe=1+p -pef=1+0.153x1.25=1.192
d=0.428 m, 1/ro=0.00218/(0.45x0.428)=0.01129, 1/r=1.00x1.192x0.01129=0.01346 1/m
e2=(1/r)lo?/c, e2=0.01346x6.5002/3.14%= 0.05761

M2=50.00x0.05761=2.88 kNm, Med=95.00+2.88=97.88, Med=97.88kNm

5. Design for compression with small eccentricity (ULS) (EC2 §6.1, §9.2.1)
Ned=50.00kN, Med,yy=97.88kNm, Med,zz=0.00kNm 9300
N=50.00kN
D=500mm fo= 225Xy
d1D=0.14

Design using numerical integration

/4
;

) . ) , (3% Ned
Design chart for single bending and axial force 3 T~
obtained from numerical integration of the I~ —a —
concrete and steel forces over the cross-section 450 L4 B
Ned=50.00kN (compression), Med=97.88kNm 925, \\\\
N

C30/37-B500C 4

I NN AN G
D=500mm

d=428mm, dl= 72mm, d2= 72mm, d1/D=0.144
e=Med/Ned=97.88/50.00=1.958m=1958mm

N/
N~

zs=h/2-d1=500/2-72=178mm, e=1958mm>sz=178mn 7

Asl=As2=736mm?, (Asl+As2)/Ac=0.75%
€c2/es1=-3.50/10.74

As,tot=14.73cm?

Minimum longitudinal reinforcement, As>=0.0020Ac, @s>=8, As,min=¢g10 ( 4.71lcm?) (EC2 §9.5.
Maximum longitudinal reinforcement, As<=0.04Ac, (As,max=78.54cm?) (EC2 §9.5.
Transverse reinforcement, links with minimum @s at maximum spacing Scl,t (EC2 §9.

at column heights from 0.50m to H-0.50m: Links @s>=6, Scl,t<=20x18=3
at regions 0 to 0.50m and H-0.50m to H : Links @s>=6, Scl,t<=12x18=2
Basic required anchorage length Lbd=400mm =0.400m (EC2 Eqgq.

Longitudinal reinforcement: 8@|¢ (16.08cm?)

Transverse reinforcement: Links @12/320 [h:0.50m~H-0.50m] , @&12/220 [h:0~0.50m, H-0.50m~H]

700

.2)
.3)
.3)
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1. Piloti £i40/0,80m PS-2

Isolated column single bending
(EC2 EN1992-1-1:2004, ECO0 EN1990:2002, )

D =0.400 m, Ned = 32.00 kN
Med yy = 22.00 kNm, Med zz = 0.00 kNm

Reinforced concrete design

Concrete-Steel class: C30/37-B500C (EC2 §3)
Environmental class : XC1l (EC2 §4.4.1)
Concrete cover : Cnom=80 mm (EC2 §4.4.1)
Concrete weight : 25.0 kN/m?

yc=1.50, ys=1.15 (EC2 Table 2.1N)
fcd=acc " fck/yc=1.00x30/1.50=20.00 MPa (EC2 §3.1.6)
fctd=act -fctk0.05/yc=1.00x2.0/1.50=1.33 MPa (EC2 §3.1.6)
fyd=fyk/ys=500/1.15=435 MPa (EC2 §3.2.7)

Modulus of elasticity of concrete Ecm=33.0 GPa

2. Dimensions and loads

Circular column with diameter D=0.400 m, column length L=3.000 m

Loads, Axial load Ned=32.00kN (compression), moments Medyy=22.00kNm, Medzz=0.00kNm
Effective length direction z-z : Lcz= 1.00xL= 3.000m

Effective length direction y-y : Lecy= 1.00xL= 3.000m

Effective depth of cross section d=h-dl, dl=d2=Cnom+@s+@ /2=80+8+20/2=98mm, d=302mm

3. Design for compression with small eccentricity (ULS) (EC2 §6.1, §9.2.1)

Ned=32.00kN, Med,yy=22.00kNm, Med,zz=0.00kNm

6100

N=3200kN
D=400mm fy%%w
d1/D=0.24

Design using numerical integration

/@
;

Design chart for single bending and axial force

obtained from numerical integration of the

/
£

concrete and steel forces over the cross-section
Ned=32.00kN (compression), Med=22.00kNm
C30/37-B500C
D=400mm AN
\ ]
d=302mm, dl= 98mm, d2= 98mm, d1/D=0.245 N E
e=Med/Ned=22.00/32.00=0.688m=688mm
zs=h/2-d1=400/2-98=102mm, e=688mm>sz=102mm /ﬁ/

/&

/)]

d
3050 k1%

025

—
\\__/

N —
N

Asl=As2=314mm?, (Asl+As2)/Ac=0.50% 2 —
€c2/esl=-3.50/6.70 2 150 Med (kNm) 300

As,tot= 6.28cm?
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Minimum longitudinal reinforcement, As>=0.0020Ac, @gs>=8, As,min=¢gg ( 3.02cm?) (EC2 §9.5.2.2)
Maximum longitudinal reinforcement, As<=0.04Ac, (As,max=50.27cm?) (EC2 §9.5.2.3)
Transverse reinforcement, links with minimum @s at maximum spacing Scl,t (EC2 §9.5.3)
at column heights from 0.40m to H-0.40m: Links @s>=6, Scl,t<=20x18=3
at regions 0 to 0.40m and H-0.40m to H : Links @s>=6, Scl,t<=12x18=2
Basic required anchorage length Lbd=400mm =0.400m (EC2 Eg.8.3)
Longitudinal reinforcement: 8@ |¢ (16.08cm?)
Transverse reinforcement: Links @ 8/320 [h:0.40m~H-0.40m], @ 8/220 [h:0~0.40m, H-0.40m~H]

4. Design for second order effects (EC2 EN1992-1-1:2004, §5.8.3))
Final creep coefficient ¢(w,to)=2.50 (EC2 §3.1.4, Annex B)
Effective creep coefficient oef=¢(w,to) - (MoEgp/MoEd)=2.50x0.50=1.25 (EC2 §5.8.4)
Modulus of elasticity of concrete Ecd=Ecm/yce=1000x33.0/1.20=27.50GPa=27500MPa (EC2 Eq.5.20)
Modulus of elasticity of steel Es=200GPa=200000MPa
Reinforcement ratio p=As/ (b-d)=1608/(400x400)=0.0100

4.1. Slenderness criterion for isolated members (EC2 EN1992-1-1:2004, §5.8.3.1)
A, 1im=20-A-B-C/+n (Eg.5.13N)
w=As ‘fyd/ (ARc-fcd)=1608x435/(400x400x20.00)=0.22

n=Ned/ (Ac -fcd)=32000/(400x400x20.00)=0.010

A=1/(1+40.2 ‘pef)=1/(140.2x1.25)=0.80

B=4(142.0 @)=+ (142.0-0.22)=1.20

C=1.70-rm=0.70, (rm=M01/M02=1.0)

A, 1im=20x0.80x1.20x0.70/+40.010=134.27

4.2. Slenderness and effective length, _direction z-z (EC2 EN1992-1-1:2004, §5.8.3.2)

Effective length Lo=pB:L=1.00x3.000=3.000 m
Slenderness ratio A=Lo/i, 1=0.250x400mm, A=3000/100=30.00 (Eg.5.14)
A=30.00<=A,1im=134.27, second order effects may be ignored

4.3. Nominal Stiffness (EC2 EN1992-1-1:2004, §5.8.7.2)

EI=Kc ‘EcdIc + Ks'Es‘'Is (EC2 Eg.5.21)
o=As/Ac=0.010, Ecd=27500MPa, Es=200000MPa
n=Ned/ (Ac -fcd)=32000/(400x400x20.00)=0.010

Ks=1, Kc=kl'k2/(l+pef), opef=1.25 (EC2 Eg.5.22)
kl=+(fck/20)MPa=+(30/20)=1.22MPa (EC2 Eq.5.23)
k2=n-'A/170<=0.20, n=0.010, A=30.00, k2=0.002 (EC2 Eg.5.24)

Kc=1.225x0.002/(1+1.25)=0.001
EI:O.Ole27500x4OOx4OO3/12+1.Ox200000x2x603x(204/2)2:2.57'1012Nmm2:2566kNm2

4.4. Moment magnification factor (EC2 EN1992-1-1:2004, §5.8.7.3)
Med=Moed [1+B/ ((Nb/Ned-1))], Nb=n?-EI/Lo? (EC2 Eg.5.28)
B=n?/co, co=9.6, p=1.03 (EC2 Eg.5.29)

Nb=3.142x2566/3.0002=2813.71 kN
Med/Moed=1+1.03/(2813.71/32.00-1)=1.01, Med=22.26kNm
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4.5. Nomimal curvature (EC2 EN1992-1-1:2004, §5.8.8)
Med=Moed+M2, M2=Ned-e2, e2=(1/r)lo?/c, 1/r=Kr Ko (1l/ro) (EC2 Eg.5.31, 5.33, 5.34)
Kr=(nu-n)/ (nu-nbal)<=1, Ke=1+B - poef>=1, 1/ro=eyd/ (0.45-d) (EC2 Eg.5.34, 5.36, 5.37)

n=Ned/ (Ac -fcd)=0.010, nu=l+w=1+0.219=1.219, nbal=0.4
Kr=(1.219-0.010)/(1.219-0.4)=1.476<=1 = 1.000

eyd=fyd/Es=435.00/200000.00=0.00218
p=0.35+fck/200-72/150=0.35+30.00/200-30.00/150=0.300, Ko=1+p-9ef=1+0.300x1.25=1.375
d=0.302 m, 1/ro=0.00218/(0.45x0.302)=0.01600, 1/r=1.00x1.375x0.01600=0.02201 1/m
e2=(1/r)lo?/c, e2=0.02201x3.0002/3.14%= 0.02007

M2=32.00x0.02007=0.64 kNm, Med=22.00+0.64=22.64, Med=22.64kNm

5. Design for compression with small eccentricity (ULS) (EC2 §6.1, §9.2.1)
Ned=32.00kN, Med,yy=22.64kNm, Med,zz=0.00kNm 5100
N=3200kN
D=400mm fo= 225Xy
d1D=024

Design using numerical integration

\ﬁL~ ®  Nedd
Design chart for single bending and axial force z %% \\\\ e
obtained from numerical integration of the =% b—a —
concrete and steel forces over the cross-section 3050 2% —
Ned=32.00kN (compression), Med=22.64kNm 029 T \\\\
C30/37-B500C ~—_ \\ \\ g
D=400mm

e=Med/Ned=22.64/32.00=0.708m=708mm

d=302mm, dl= 98mm, d2= 98mm, dl/D=0.245 :Z/ ) \
/D

zs=h/2-d1=400/2-98=102mm, e=708mm>sz=102mm /
32 .

Asl=As2=314mm?, (Asl+As2)/Ac=0.50%
€c2/es1=-3.50/6.70

As,tot= 6.28cm?

Minimum longitudinal reinforcement, As>=0.0020Ac, @s>=8, As,min=¢@g8 ( 3.02cm?) (EC2 §9.5.
Maximum longitudinal reinforcement, As<=0.04Ac, (As,max=50.27cm?) (EC2 §9.5.
Transverse reinforcement, links with minimum @gs at maximum spacing Scl,t (EC2 §9.

at column heights from 0.40m to H-0.40m: Links @s>=6, Scl,t<=20x18=3
at regions 0 to 0.40m and H-0.40m to H : Links @s>=6, Scl,t<=12x18=2
Basic required anchorage length Lbd=400mm =0.400m (EC2 Eqgq.

Longitudinal reinforcement: 8@|¢ (16.08cm?)

Transverse reinforcement: Links @ 8/320 [h:0.40m~H-0.40m] , & 8/220 [h:0~0.40m, H-0.40m~H]

.2)
.3)
.3)
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1. Pilotna greda 70x70 PS-1

Continuous beam with distributed loads

(EC2 EN1992-1-1:2004, ECO EN1990:2002,

C30/37 - S500

g=126.00 g=126.00 g=126.00 kN/m

q=0.00 g=0.00 q=0.00 kN/m

h=0.700 h=0.700 h=0.700

I 1.500 t 3.000 t 1.500 i
b i £C2
{ ¥
Reinforced concrete design Meq 4!(01
h d Neq Y

Concrete-Steel class: C30/37-S500 (EC2 §3) Veg
Environmental class : XC3 (EC2 §4.4.1) f Ast £s1 __?Q
Concrete cover Cnom=50 mm (EC2 §4.4.1) . 4

Concrete weight 25.0 kN/m3
yc=1.50, ys=1.15

fcd=occ - fck/yc=1.00x30/1.50=20.00 MPa
fctd=act *fctk0.05/yc=1.00x2.0/1.50=1.33 MPa (EC2 §3.1.6)
fyd=fyk/ys=500/1.15=435 MPa (EC2 §3.2.7)

Modulus of elasticity of concrete Ecm=33.0 GPa

(EC2 Table 2.1N)
(EC2 §3.1.6)

2. Dimensions and loads

Continuous beam (rectangular section), number of spans=1

vG=1.35, y0=1.50 (ECO Annex Al)
¥0=0.70, ¥1=0.60, ¢¥2=0.30

Effective depth of cross section d=h-dl, dl=Cnom+@s+0.5@g=50+12+0.5x16=70mm
beam self weight = bw-hx25.0

Partial safety factors for actions

Combination of variable actions

Spans, widths, thickness, load on spans (g=self weight +dead, g=live)

Cant-1 L= 1.50m bw=0.700m beff=0.700m h=0.700m g=12.25+126.00=138.25kN/m gq= 0.00kN/m
Span-1 L= 3.00m bw=0.700m beff=0.700m h=0.700m g=12.25+126.00=138.25kN/m gq= 0.00kN/m
Cant-2 L= 1.50m bw=0.700m beff=0.700m h=0.700m g=12.25+126.00=138.25kN/m g= 0.00kN/m
3. Ultimate limit state (ULS), design for bending (EC2 EN1992-1-1:2004, §6.1, §9.3.1)
Load (STR) Span-1 ged=yG-g+yQ -g=1.35g+1.509=1.35%x138.25+1.50x0.00=186.64 kN/m
Cross section values (area A, moment of inertia Iyy, centroid zc)
Cant-1 L= 1.500m, A=0.49000m2 (4.90x10°mm2), Iyy=0.02001m?(2.00x10"n%*) , 2c=0.000m (0mm)
Span-1 L= 3.000m, A=0.49000m2 (4.90x10%mm2), Iyy=0.02001m*(2.00x10""n*), 2c=0.000m (0Omm)
Cant-2 L= 1.500m, A=0.49000m2 (4.90x10%mm2), Iyy=0.02001m*(2.00x10"™ %), 2c=0.000m (0Omm)
= BETONexpress AC&P d.o.o. 1
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4. Shearing forces and bending moments

Maximum bending moments at spans for load combinations 1.35g+1.509g
Cant-1, Med=-209.97 kNm, x0=1.500 m, x1=0.000m, x2=0.000m
Span-1, Med= 54.44 kNm, x0=1.500 m, x1=0.736m, x2=0.736m
Cant-2, Med=-209.97 kNm, x0=0.000 m, x1=0.000m, x2=0.000m

Maximum bending moments at supports for load combinations 1.35g+1.50qg
Support-0, Med=-209.97 kNm, x1=1.500 m, x2=0.000 m
Support-1, Med=-209.97 kNm, x1=3.000 m, x2=1.500 m le

Maximum shear forces for load combinations 1.35g+1.50qg

Cant-1, Ved,A= 0.00 kN, Ved,B=-279.96 kN
Span-1, Ved,A= 279.96 kN, Ved,B=-279.96 kN
Cant-2, Ved,A= 279.96 kN, vVed,B= 0.00 kN

Maximum reactions due to dead and live loads (Rg and Rq)
Support-0, Rg(x1.35)= 559.91 kN, Rg(x1.50)= 0.00 kN
Support-1, Rg(x1.35)= 559.91 kN, Rg(x1.50)= 0.00 kN

5. Design actions, shearing forces and bending moments

Design action values after moment redistribution by 0%
Reduction of support values to values at support faces (bsup=0.20 m)
Check for minimum values, (0.65gl2/8, 0.65gl2/12)

Maximum span bending moments and shear forces for load combinations 1.35g+1.50qg
Cant-1, Med=-181.97 kNm, Ved,A= 18.66 kN, Ved,B=-261.29 kN
Span-1, Med= 54.44 kNm, Ved,A= 261.29 kN, Ved,B=-261.29 kN
Cant-2, Med=-181.97 kNm, Ved,A= 261.29 kN, Ved,B= 18.66 kN

Maximum bending moments at supports for load combinations 1.35g+1.50qg
Support-0, Med=-181.97 kNm, x1=1.500 m, x2=0.000 m
Support-1, Med=-181.97 kNm, x1=3.000 m, x2=1.500 m

Maximum shear forces at distance d from support face 1.35g+1.50qg

Cant-1, b/2+d=0.730m, 1.35g+1.509=186.64kN/m, VedA= 0.00kN, VedB= 143.71kN
Span-1, b/2+d=0.730m, 1.35g+1.509=186.64kN/m, VedA= 143.71kN, VedB= 143.71kN
Cant-2, b/2+d=0.730m, 1.35g+1.50g=186.64kN/m, VedA= 143.71kN, VedB= 0.00kN
6. Ultimate limit state (ULS), design for bending (EC2 EN1992-1-1:2004, S§6.1, §9.2.1)
6.1. Span-1 Ultimate limit state (ULS), design for bending (EC2 §6.1, §9.2.1)

Effective depth of cross section dl=Cnom+gs+0.5@=50+12+0.5x16=70mm, d2=70mm, d=700-70=630mm
Reinforcement for bending (only tension reinforcement is needed)

Med= 54.44kNm bw=700mm d=630mm Kd= 7.14 x/d=0.03 €c2/esl=-0.7/20.0 ks=2.33, Asl= 2.0lcm2

Minimum longitudinal tension reinf., As>=0.26bd- -fctm/fyk, (As,min= 6.65cm2) (EC2 §9.2.1.1.1)
Maximum tension or compression reinf., As<=0.04Ac , (As,max=196.0cm2) (EC2 §9.2.1.1.3)
Reinforcement for bending:@l6 (12.06cm2) (bottom), g@le (12.06cm2) (top)

Ultimate moment capacity of cross section (EC2 EN1992-1-1:2004, §6.1)

h——n
b=700mm, h=700mm, d=630mm, Asl=1206mm2, As2=1206mm2
€c2=-2.16%, €s1=19.93%, Asl/b-d=0.00311(0.311%)

x/d=gc2/ (ec2+e€s1)=2.16/(2.16+19.93)=0.098, x=61.6mnm h 9
ar=0.691, ka=0.380, Fc=ar ‘b x-fcd=Fsl1=596.25kN, Asl=Fsl/fyd=1371mm2

z=d-ka x=([1l-ka - ec2/ (ec2+esl)]1d, z/d=1.0-0.380x0.098=0.963, z=606.6mm, T
Kd2=1/(0.691-0.098:0.963-20.00)=0.768 mm2/N, Kd=0.876 ;

Bending capacity Mr=b'd2/Kd2=[106}x7OOx6302/O.768=362.OOkNm

= BETONexpress 2
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6.2. Support-0 Ultimate limit state (ULS), design for bending (EC2 §6.1, §9.2.1)

Effective depth of cross section dl=Cnom+@s+0.5@=50+12+0.5x16=70mm, d2=70mm, d=700-70=630mm
Reinforcement for bending (only tension reinforcement is needed)

Med=-181.97kNm bw=700mm d=630mm Kd= 3.91 x/d=0.06 £c2/es1=-1.4/20.0 ks=2.35, As2= 6.80cm2

Minimum longitudinal tension reinf., As>=0.26bd fctm/fyk, (As,min= 6.65cm2) (EC2 §9.2.1.1.1)
Maximum tension or compression reinf., As<=0.04Ac , (As,max=196.0cm2) (EC2 §9.2.1.1.3)
Reinforcement for bending:6@16 (12.06cm2) (top), 616 (12.06cm2) (bottom)

Ultimate moment capacity of cross section (EC2 EN1992-1-1:2004, §6.1)

b=700mm, h=700mm, d=630mm, Asl=1206mm2, As2=1206mm2

£c2=-2.16%, €s1=19.93%, Asl/b-d=0.00311(0.311%)

x/d=ec2/ (gc2+es1)=2.16/(2.16+19.93)=0.098, x=61.6mm

ar=0.691, ka=0.380, Fc=ar 'b-'x- -fcd=Fsl=596.25kN, Asl=Fsl/fyd=1371mm2
z=d-ka x=([l-ka - ec2/ (ec2+esl)]ld, z/d=1.0-0.380x0.098=0.963, z=606.6mm,
Kd2=1/(0.691-0.098:0.963-20.00)=0.768 mm2/N, Kd=0.876

Bending capacity Mr=b~d2/Kd2=[106}x7OOx6302/O.768=362.OOkNm

6.3. Support-1 Ultimate limit state (ULS), design for bending (EC2 §6.1, §9.2.1)

Effective depth of cross section dl=Cnom+@s+0.5@=50+12+0.5x16=70mm, d2=70mm, d=700-70=630mm
Reinforcement for bending (only tension reinforcement is needed)

Med=-181.97kNm bw=700mm d=630mm Kd= 3.91 x/d=0.06 e€c2/esl=-1.4/20.0 ks=2.35, As2= 6.80cm2
Minimum longitudinal tension reinf., As>=0.26bd -fctm/fyk, (As,min= 6.65cm2)

Maximum tension or compression reinf., As<=0.04Ac , (As,max=196.0cm2)

Reinforcement for bending:@l6 (12.06cm2) (top), 616 (12.06cm2) (bottom)

Ultimate moment capacity of cross section (EC2 EN1992-1-1:2004, §6.1)

b=700mm, h=700mm, d=630mm, Asl=1206mm2, As2=1206mm2

€c2=-2.16%, €s1=19.93%, Asl/b-d=0.00311(0.311%)

x/d=ec2/ (ec2+e€s1)=2.16/(2.16+19.93)=0.098, x=61.6mm

ar=0.691, ka=0.380, Fc=ar ‘b x-fcd=Fsl1=596.25kN, Asl=Fsl/fyd=1371mm2
z=d-ka x=([1l-ka -gc2/(gc2+esl)]d, z/d=1.0-0.380x0.098=0.963, z=606.6mm,
Kd2=1/(0.691-0.098:0.963-20.00)=0.768 mm2/N, Kd=0.876

Bending capacity Mr:b'd2/Kd2:[106]x7OOx6302/O.768:362.OOkNm

7. Ultimate limit state (ULS), Design for shear (EC2 EN1992-1-1:2004, §6.2, §9.2.2)
7.1. Span-0 right Ultimate limit state (ULS), Design for shear (EC2 §6.2, §9.2.2)
Shear capacity without shear reinforcement Vrdc (EC2 §6.2.2)
Vrdc=[Crdc "k (100pl -fck) %®+k1 ocp] ‘bw-d, Vrdc>=(vmin+kl -ocp) ‘bw-d (EC2 Eq.6.2.a,b)

Crdc=0.18/yc=0.18/1.50=0.120, fck=30MPa ,bw=700mm, d=630mm

k=1++(200/d)<=2, k=1.56, kl1=0.15

Vrd,c(min)=0.001x(0.37)x700x630=163.17kN, vmin:0.0350~k1m-dfck = 0.37N/mm2, (EC2 Eg.6.3N)
pl1=1206/(700x630)=0.0027, Vrdc:O.001x[O.l20xl.56x(0.27x30)0%]x700x630:165.80kN

Ved=143.71 kN <= Vrdc=165.80 kN, Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax (EC2 §6.2.3 Eg.6.9)
Vrdmax=ocw ‘bw -z ‘vl -fcd/ (cotb+tan@), Ved/max (Vrdmax)=0.12, 6=21.8° cot6=2.50 tan6=0.40

acw=1.00 z=0.9d, fck=30.0<=60Mpa v1=0.6[1-fck/250]=0.6[1-30/250]=0.528, fcd=20.00Mpa
Vrdmax=0.001x1.00x700x0.9x630x0.528%x20.00/2.90=1445.3 kN

Ved=261.3 kN < 1445.3 kN =Vrdmax, the check is verified
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Minimum links for shear reinforcement

Minimum shear reinforcement ratio pw,min

ow,min=(0.08x (fck) %®/fyk, fck=30N/mm2, fyk=500N/mm2, opw,min=0.0009
min Asw/s=10x0.0009%x700xsin(90°)= 6.30cm2/m

Maximum longitudinal spacing of links slmax=0.75d (<=600mm)=470mm

Maximum transverse spacing of link legs stmax=0.75d (<=600mm)=470mm

Minimum shear reinforcement 2@12/47.0 (Asw/s= 9.62cm2/m)

Span-0 right Shear reinforcement: 20512/47.0 (Asw/s= 9.62cm2/m)

7.2. Span-1 left Ultimate limit state (ULS), Design for shear

Shear capacity without shear reinforcement Vrdc

Vrde=[Crdc -k - (100pl -fck) "B+k1 -ocp) ‘bw-d, Vrde>=(vmin+kl -ocp) -bw-d
Crdc=0.18/yc=0.18/1.50=0.120, fck=30MPa ,bw=700mm, d=630mm
k=1++(200/d)<=2, k=1.56, k1=0.15

Vrd, c(min)=0.001x(0.37)x700x630=163.17kN, vmin=0.0350 k"0 . yfck = 0.37N/mm2,

(EC2 §9.2.2)
(EC2 Eq.9.5N)

(EC2 §9.2.2.6, Eg.9.6N)
(§9.2.2.8, Eg.9.8N)

(EC2 §6.2, §9.2.2)

(EC2 §6.2.2)
(EC2 Eg.6.2.a,b)

(EC2 Eq.6.3N)

p1=1206/(700x630)=0.0027, Vrdc:0.001x[0.120x1.56x(O.27x30)Q%]x700x6302165.8OkN
Ved=143.71 kN <= Vrdc=165.80 kN, Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax

Vrdmax=acw ‘bw -z vl -fcd/ (cot6+tan®), Ved/max (Vrdmax)=0.12, 6=21.8°
acw=1.00 z=0.9d, fck=30.0<=60Mpa v1=0.6[1-fck/250]=0.6[1-30/250]=0.528,

Vrdmax=0.001x1.00x700x0.9x630x0.528x20.00/2.90=1445.3 kN
Ved=261.3 kN < 1445.3 kN =Vrdmax, the check is verified

Minimum links for shear reinforcement

Minimum shear reinforcement ratio pw,min

pw,min:(O.OSX(fck)05/fyk, fck=30N/mm2, fyk=500N/mm2, pw,min=0.0009
min Asw/s=10x0.0009x700xsin(90°)= 6.30cm2/m

Maximum longitudinal spacing of links slmax=0.75d (<=600mm)=470mm

Maximum transverse spacing of link legs stmax=0.75d (<=600mm)=470mm

Minimum shear reinforcement 2@12/47.0 (Asw/s= 9.62cm2/m)

Span-1 left Shear reinforcement: 2@ 12/47.0 (Asw/s= 9.62cm2/m)

7.3. Span-1 right Ultimate limit state (ULS), Design for shear

Shear capacity without shear reinforcement Vrdc

Vrde=[Crdc -k - (100pl -fck) "B+k1 -ocp] ‘bw-d, Vrdc>=(vmin+kl -ocp) -bw-d
Crdc=0.18/yc=0.18/1.50=0.120, fck=30MPa ,bw=700mm, d=630mm
k=1++(200/d)<=2, k=1.56, k1=0.15

vrd, c(min)=0.001x(0.37)x700x630=163.17kN, vmin=0.0350 k"0 Jfck =

0.37N/mm2,

(EC2 §6.2.3 Eg.6.9)

cotB=2.50 tan6=0.40
fcd=20.00Mpa

(EC2 §9.2.2)
(EC2 Eq.9.5N)

(EC2 §9.2.2.6, Eg.9.6N)
(§9.2.2.8, Eg.9.8N)

(EC2 §6.2, §9.2.2)

(EC2 §6.2.2)
(EC2 Eq.6.2.a,b)

(EC2 Eqg.6.3N)

pl=1206/(700x630)=0.0027, Vrdc=0.001x[0.120x1.56x(0.27x30)Q%]x700x630=165.80kN
Ved=143.71 kN <= Vrdc=165.80 kN, Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax

Vrdmax=ocw ‘bw -z vl -fcd/ (cot6+tan®), Ved/max (Vrdmax)=0.12, 6=21.8°
acw=1.00 z=0.9d, fck=30.0<=60Mpa v1=0.6[1-fck/250]=0.6[1-30/250]=0.528,

Vrdmax=0.001x1.00x700x0.9x630x0.528x20.00/2.90=1445.3 kN
Ved=261.3 kN < 1445.3 kN =Vrdmax, the check is verified

Minimum links for shear reinforcement

Minimum shear reinforcement ratio pw,min

pw,min:(O.OSX(fck)05/fyk, fck=30N/mm2, fyk=500N/mm2, pw,min=0.0009
min Asw/s=10x0.0009x700xsin(90°)= 6.30cm2/m

Maximum longitudinal spacing of links slmax=0.75d (<=600mm)=470mm

Maximum transverse spacing of link legs stmax=0.75d (<=600mm)=470mm

Minimum shear reinforcement 2@12/47.0 (Asw/s= 9.62cm2/m)

Span-1 right Shear reinforcement: 2@12/47.0 (Asw/s= 9.62cm2/m)

(EC2 §6.2.3 Eg.6.9)

cotB=2.50 tan6=0.40
fcd=20.00Mpa

(EC2 §9.2.2)
(EC2 Eq.9.5N)

(EC2 §9.2.2.6, Eg.9.6N)
(§9.2.2.8, Eg.9.8N)
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7.4. Span-2 left Ultimate limit state (ULS), Design for shear (EC2 §6.2, §9.2.2)
Shear capacity without shear reinforcement Vrdc (EC2 §6.2.2)
Vrdc=[Crdc "k (100pl -fck) °®+k1 ocp] ‘bw-d, Vrdc>=(vmin+kl -ocp) ‘bw-d (EC2 Eq.6.2.a,b)

Crdc=0.18/yc=0.18/1.50=0.120, fck=30MPa ,bw=700mm, d=630mm

k=1++(200/d)<=2, k=1.56, kl1=0.15

Vrd,c(min)=0.001x(0.37)x700x630=163.17kN, vmin:0.035o~ktm-dfck = 0.37N/mm2, (EC2 Eg.6.3N)
pl=1206/(700x630)=0.0027, Vrdc:O.Ole[0.120x1.56x(0.27x30)Qa]x700x630:165.80kN

Ved=143.71 kN <= Vrdc=165.80 kN, Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax (EC2 §6.2.3 Eg.6.9)
Vrdmax=ocw ‘bw -z vl -fcd/ (cot6+tan®), Ved/max (Vrdmax)=0.12, 6=21.8° cot6=2.50 tan6=0.40

acw=1.00 z=0.9d, fck=30.0<=60Mpa v1=0.6[1-fck/250]=0.6[1-30/250]=0.528, fcd=20.00Mpa
Vrdmax=0.001x1.00x700x0.9x630x0.528%x20.00/2.90=1445.3 kN

Ved=261.3 kN < 1445.3 kN =Vrdmax, the check is verified

Minimum links for shear reinforcement (EC2 §9.2.2)

Minimum shear reinforcement ratio pw,min (EC2 Eg.9.5N)
ow,min=(0.08x (fck) %®/fyk, fck=30N/mm2, fyk=500N/mm2, opw,min=0.0009

min Asw/s=10x0.0009%x700xsin(90°)= 6.30cm2/m

Maximum longitudinal spacing of links slmax=0.75d (<=600mm)=470mm (EC2 §9.2.2.6, Eg.9.6N)
Maximum transverse spacing of link legs stmax=0.75d (<=600mm)=470mm (§9.2.2.8, Eg.9.8N)
Minimum shear reinforcement 2@12/47.0 (Asw/s= 9.62cm2/m)

Span-2 left Shear reinforcement: 2@ 12/47.0 (Asw/s= 9.62cm2/m)

8. Serviceability limit state (SLS), Span-1 (EC2 EN1992-1-1:2004, §7)

L=3.000m, b=0.700m, h=0.700m, d=0.630m
Load (quasi-permanent combination) ged=g+y2 -g=138.25+0.30x0.00=138.25 kN/m
Leff=3.000m, Med=(138.25/186.64)x54.44=40.32 kNm, Med(SLS)=40.32 kNm

Final creep coefficient ¢(w,to)=2.72 (EC2 §3.1.4, Annex B)
Total shrinkage strain ecs=-0.30%

yc=1.00, ys=1.00 (EC2 §2.4.2.4.2)
Modulus of elasticity of concrete Ecm=33.0GPa, Eceff=33.0/(1+2.72)=8.87GPa=8870MPa (EC2 Eqg.7.20)

Modulus of elasticity of steel Es=200GPa=200000MPa

Modular ratio Es/Ec=200/33.0=6.06, effective Es/Ec,eff=200/8.87=22.55

Tension reinforcement: ¢gl6 (12.06cm2), Compression reinforcement: @il (12.06cm2)
Reinforcement ratio p=Asl/(b-d)=1206/(700x630)=0.0027, p'=As2/(b-d)=1206/(700x630)=0.0027

8.1. State I (uncracked section) (SLS), Span-1

Bending stiffness of uncracked section, EI=(200/22.55)x(0.001x25.223)=223712 kNm2

Ai=Ac+(n-1) (Asl+As2), e=(n-1) (Asl yls-As2-y2s)/Ai, I=Ic+b-h-e2+ (Asl yls2+As2-y2s2) (n-1)
S=As.y2s=(0.001)2x1206x0.283=(0.001)x0.342 m3 , y2=353mm, y2s=y2-d2=353-70=283mm (EC2 Eqg.7.21)
Curvature due to moment 1/rM=40.32/223712=(0.001)x0.180 (1/m)

Curvature due to shrinkage 1/rcs=(0.001x0.30)x22.55x(0.342/25.223)=(0.001)%x0.092(1/m)

Total curvature 1/r=(0.001)x0.180+(0.001)x0.092=(0.001)x0.272(1/m)

Cracking moment, Mcr=fctm-(I/y2)=2.9x(25.223/0.353)=207.01 kNm

8.2. State II (fully cracked section) (SLS), Span-1

p=0.0027, p'=0.0027, p'/p=1.000, n=0e=22.55, n-'p=0.061, £=0.669, a=0.264, x=o-d=0.166m

Bending stiffness of fully cracked section, EI=f 'Es As -d2=0.669x200x1206x0.6302=64076 kNm2
y2=(l-a)d=464mm, es=y2 M/EI=(0.001)x464x40.32/64076=0.29
S=As.y2=(0.001)2x1206x0.464=(0.001)x0.559 m3 (EC2 Eqgq.7.21)
Curvature due to moment 1/rM=40.32/64076=(0.001)x0.629 (1/m)

Curvature due to shrinkage 1/rcs=(0.001x0.30)x22.55x(0.559/7.224)=(0.001)x0.524(1/m)

Total curvature 1/r=(0.001)x0.629+(0.001)x0.524=(0.001)x1.153(1/m)

Med=40.32 kNm, ec/es=0.10/0.29, x=l66mm, o0s=58 N/mm2
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8.3. Checking deflections without calculation (SLS), Span-1 (EC2 §7.4.2)
1/d=K[11+1.5+fck (po/p)+3.2fck (po/p-1) ¥1=68.93 (EC2 Eqg.7.16a)
fck=30.00N/mm2, po=0.001x+30.00=0.0055, p=0.0027, p'=0.0014, p<=po, K=1.5
1/d=(310/0s)x(1/d), o©s=58 N/mm2, 1/d=(310/58)x68.93=366.11 (EC2 Eq.7.17)

leff/d=3.000/0.630=4.76 <= 366.11, Span/depth under limits

8.4. Checking deflections by calculation (SLS), Span-1 (EC2 §7.4.3)
Med=40.32<0.70xMcr=0.70%x207.01=144.91 kNm, (=0.00 (Eq.7.19)
Final curvature (1/r)=0.00x(0.001x1.153)+(1-0.00)x(0.001x0.272)=(0.001)x0.272(1/m) (Eq.7.18)

p=(Ma+Mb) /Mc=(181.97+181.97)/54.44=6.69, k=0.104(1-6.69/10)=0.0345
f=k -Leff2 -(1/r)=0.0345x3.0002x0.272=0.08 mm

f=0.08mm <= 1000x3.000/250=12.00mm, Deflection under limits
8.5. Minimum reinforcement areas (SLS) (EC2 EN1992-1-1:2004, §7.3.2)
Minimum reinforcement areas As,min=kc-k-fct,eff  -Act/os (EC2 Eg.7.1)

b=0.700m, beff=0.700m, h=0.700m, d=0.630m, x=0.166m, @=l6mm

Ned=0.00kN, oc=(Ned/bh)=0.0N/mm2, os=fyd=435N/mm2

Act=(h-x) ‘b=(700-166)x700=373601 mm2

max (h,bl)=700mm, fctm=2.90N/mm2, Act=373601mm2, k=0.72, kc=0.40, kl1=1.50
Minimum reinforcement, As,min=0.40x0.72x2.90x373601/435=717mm2

8.6. Calculation of crack width (SLS), Span-1 (EC2 EN1992-1-1:2004, §7.3.3)
wk=sr,max - (esm-ecm) (EC2 Eqg.7.8)
esm-ecm=[os-kt - (fct,eff/peff) (l+oe -peff)]/Es >=0.6 os/Es (EC2 Eq.7.9)

0s=58N/mm2, short term loading:Es/Ec=6.06, kt=0.6, long term loading:Es/Ec=22.55, kt=0.4

2.5(h-d)=175 mm, (h-x)/3=178 mm, h/2=350 mm

Aceff=2.5(h-d)b=2.5x(700-630)x700=122500 mm2 (§7.3.2.3)
peff=As/Ac,eff=1206/122500=0.010

esm-ecm=[58-0.4x(2.9/0.010) (1+422.55x0.010)]1/200=-0.43% >= 0.6x58/200=0.18%

sr,max=k3 - (Cnom+gs)+kl k2 k4 -g/peff (EC2 Eg.7.11)
g=1l6mm, k1=0.8, k2=(el+e2)/2el1=0.5, k3=3.4, k4=0.425

sr,max=3.4x62.00+0.8x0.5x0.425%16/0.010=487.09 mm

wk=sr,max - (esm-ecm)=487.09x0.001x0.18=0.09 mm

wk=0.09mm<=0.30mm=wmax, Environmental class: XC3, Crack width under limit

9. Serviceability limit state (SLS), Cant-Left (EC2 EN1992-1-1:2004, §7)

L=1.500m, b=0.700m, h=0.700m, d=0.630m
Load (quasi-permanent combination) ged=g+y2-gq=138.25+0.30x0.00=138.25 kN/m
Leff=1.500m, Med=(138.25/186.64)x181.97=134.79 kNm, Med(SLS)=134.79 kNm

Final creep coefficient ¢©(w,to)=2.72 (EC2 §3.1.4, Annex B)
Total shrinkage strain ecs=-0.30%

yc=1.00, ys=1.00 (EC2 §2.4.2.4.2)
Modulus of elasticity of concrete Ecm=33.0GPa, Eceff=33.0/(1+2.72)=8.87GPa=8870MPa (EC2 Eqg.7.20)

Modulus of elasticity of steel Es=200GPa=200000MPa

Modular ratio Es/Ec=200/33.0=6.06, effective Es/Ec,eff=200/8.87=22.55

Tension reinforcement: ¢gl16 (12.06cm2), Compression reinforcement: @il (12.06cm2)
Reinforcement ratio p=Asl/ (b-d)=1206/(700x630)=0.0027, p'=As2/(b-d)=1206/(700x630)=0.0027

9.1. State I (uncracked section) (SLS), Cant-Left

Bending stiffness of uncracked section, EI=(200/22.55)x(0.001x25.223)=223712 kNm2

Ai=Ac+(n-1) (Asl+As2), e=(n-1) (Asl-yls-As2-y2s)/Ai, I=Ic+b-h-e2+(Asl - yls2+As2-y2s2) (n-1)
S=As.y2s=(0.001)2x1206x0.283=(0.001)x0.342 m3 , y2=353mm, y2s=y2-d2=353-70=283mm (EC2 Eqg.7.21)
Curvature due to moment 1/rM=134.79/223712=(0.001)x0.603 (1/m)

Curvature due to shrinkage 1/rcs=(0.001x0.30)x22.55x(0.342/25.223)=(0.001)%x0.092(1/m)

Total curvature 1/r=(0.001)x0.603+(0.001)x0.092=(0.001)x0.694(1/m)

Cracking moment, Mcr=fctm-(I/y2)=2.9x(25.223/0.353)=207.01 kNm
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9.2. State II (fully cracked section) (SLS), Cant-Left

p=0.0027, p'=0.0027, p'/p=1.000, n=ae=22.55, n-p=0.061, £=0.669, o=0.264, x=o-d=0.166m

Bending stiffness of fully cracked section, EI=f-Es As-d2=0.669%x200x1206x0.6302=64076 kNm2
y2=(l-a)d=464mm, es=y2 -M/EI=(0.001)x464x134.79/64076=0.98
S=As.y2=(0.001)2x1206x0.464=(0.001)x0.559 m3 (EC2 Eg.7.21)
Curvature due to moment 1/rM=134.79/64076=(0.001)x2.104 (1/m)

Curvature due to shrinkage 1/rcs=(0.001x0.30)x22.55x(0.559/7.224)=(0.001)x0.524(1/m)

Total curvature 1/r=(0.001)x2.104+(0.001)x0.524=(0.001)x2.627(1/m)

Med=134.79 kNm, ec/es=0.35/0.98, x=166mm, o0s=195 N/mm2

9.3. Checking deflections without calculation (SLS), Cant-Left (EC2 §7.4.2)
1/d=K[11+1.5~yfck (po/p)+3.2~fck(po/p-1) ¥21=18.38 (EC2 Eq.7.16a)
fck=30.00N/mm2, po=0.001x+30.00=0.0055, p=0.0027, p'=0.0014, p<=po, K=0.4
1/d=(310/0s)x(1/d), o0s=195 N/mm2, 1/d=(310/195)x18.38=29.21 (EC2 Egq.7.17)

leff/d=1.500/0.630=2.38 <= 29.21, Span/depth under limits

9.4. Checking deflections by calculation (SLS), Cant-Left (EC2 §7.4.3)
Med=134.79<0.70xMcr=0.70x207.01=144.91 kNm, (=0.00 (Eq.7.19)
Final curvature (1/r)=0.00x(0.001x2.627)+(1-0.00)x(0.001x0.694)=(0.001)x0.694(1/m) (Eq.7.18)

f=kLeff2-(1/r)=0.2500x1.5002x0.694=0.39 mm
£f=0.39mm <= 1000x1.500/250=6.00mm, Deflection under limits

9.5. Minimum reinforcement areas (SLS) (EC2 EN1992-1-1:2004, §7.3.2)

Minimum reinforcement areas As,min=kc-k-fct,eff  -Act/os (EC2 Eqg.7.1)
b=0.700m, beff=0.700m, h=0.700m, d=0.630m, x=0.166m, @=16mm

Ned=0.00kN, oc=(Ned/bh)=0.0N/mm2, os=fyd=435N/mm2

Act=(h-x) ‘b=(700-166)x700=373601 mm2

max (h,bl1)=700mm, fctm=2.90N/mm2, Act=373601mm2, k=0.72, kc=0.40, k1=1.50

Minimum reinforcement, As,min=0.40x0.72x2.90x373601/435=717mm2

9.6. Calculation of crack width (SLS), Cant-Left (EC2 EN1992-1-1:2004, §7.3.3)
wk=sr,max - (esm-ecm) (EC2 Eg.7.8)
esm-ecm=[os-kt - (fct,eff/peff) (1+ae ‘peff)]/Es >=0.6 os/Es (EC2 Eg.7.9)

0s=195N/mm2, short term loading:Es/Ec=6.06, kt=0.6, long term loading:Es/Ec=22.55, kt=0.4

2.5(h-d)=175 mm, (h-x)/3=178 mm, h/2=350 mm

Aceff=2.5(h-d)b=2.5x(700-630)%x700=122500 mm2 (§7.3.2.3)
peff=As/Ac,eff=1206/122500=0.010

esm-ecm=[195-0.4x(2.9/0.010) (1+22.55x0.010)1/200=0.26% >= 0.6x195/200=0.59%

sr,max=k3 - (Cnom+@s)+kl k2 k4 -@/peff (EC2 Eq.7.11)
@g=l6mm, k1=0.8, k2=(el+e2)/2el=0.5, k3=3.4, k4=0.425

sr,max=3.4x62.00+0.8x0.5x0.425%x16/0.010=487.09 mm

wk=sr,max ' (esm-ecm)=487.09x0.001x0.59=0.29 mm

wk=0.29mm<=0.30mm=wmax, Environmental class: XC3, Crack width under limit
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1. Pilotna greda 50x50 PS-2

Continuous beam with distributed loads
(EC2 EN1992-1-1:2004, ECO EN1990:2002, )

C30/37 - S500

g=41.00 g=41.00 g=41.00 kN/m

q=0.00 g=0.00 q=0.00 kN/m

h=0.500 h=0.500 h=0.500

' 1.600 t 3.200 t 1.600 |
b i £C2
{ ¥
Reinforced concrete design Meq 4!(01
h d Neq Y
Concrete-Steel class: C30/37-S500 (EC2 §3) Veg
Environmental class : XC4 (EC2 §4.4.1) f Ast £s1 __?Q
Concrete cover : Cnom=50 mm (EC2 §4.4.1) (&m b
Concrete weight : 25.0 kN/m3
yc=1.50, vys=1.15 (EC2 Table 2.1N)
fcd=occ - fck/yc=1.00x30/1.50=20.00 MPa (EC2 §3.1.6)
fctd=act -fctk0.05/yc=1.00%2.0/1.50=1.33 MPa (EC2 §3.1.6)
fyd=fyk/ys=500/1.15=435 MPa (EC2 §3.2.7)
Modulus of elasticity of concrete Ecm=33.0 GPa
2. Dimensions and loads
Continuous beam (rectangular section), number of spans=1
Partial safety factors for actions : yG=1.35, y0=1.50 (ECO Annex Al)
Combination of variable actions : Yv0=0.70, Y1=0.60, ¢Y2=0.30
Effective depth of cross section d=h-dl, dl=Cnom+@s+0.5@=50+8+0.5x16=66mm
beam self weight = bw-hx25.0
Spans, widths, thickness, load on spans (g=self weight +dead, g=live)
Cant-1 L= 1.60m bw=0.500m beff=0.500m h=0.500m g=6.25+ 41.00= 47.25kN/m g= 0.00kN/m
Span-1 L= 3.20m bw=0.500m beff=0.500m h=0.500m g=6.25+ 41.00= 47.25kN/m g= 0.00kN/m
Cant-2 L= 1.60m bw=0.500m beff=0.500m h=0.500m g=6.25+ 41.00= 47.25kN/m g= 0.00kN/m
3. Ultimate limit state (ULS), design for bending (EC2 EN1992-1-1:2004, S$6.1, §9.3.1)

Load (STR) Span-1 ged=yG-'g+yQ -g=1.35g+1.50g=1.35x47.25+1.50x0.00=63.79 kN/m

Cross section values (area A, moment of inertia Iyy, centroid zc)

Cant-1 L= 1.600m, A=0.25000m2(2.50x10°mm2), Iyy=0.00521m?(5.21x10%m?*), 2c=0.000m (Omm)
Span-1 L= 3.200m, A=0.25000m2(2.50x10%mm2), Iyy=0.00521m*(5.21x10%m?*), 2c=0.000m (Omm)
Cant-2 L= 1.600m, A=0.25000m2(2.50x10%mm2), Iyy=0.00521m*(5.21x10%m?*), 2c=0.000m (Omm)
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4. Shearing forces and bending moments

Maximum bending moments at spans for load combinations 1.35g+1.509g
Cant-1, Med= -81.65 kNm, x0=1.600 m, x1=0.000m, x2=0.000m
Span-1, Med= 21.17 kNm, x0=1.600 m, x1=0.785m, x2=0.785m
Cant-2, Med= -81.65 kNm, x0=0.000 m, x1=0.000m, x2=0.000m

Maximum bending moments at supports for load combinations 1.35g+1.50qg
Support-0, Med= -81.65 kNm, x1=1.600 m, x2=0.000 m
Support-1, Med= -81.65 kNm, x1=3.200 m, x2=1.600 m le

Maximum shear forces for load combinations 1.35g+1.50qg

Cant-1, Ved,A= 0.00 kN, vVed,B=-102.06 kN
Span-1, Ved,A= 102.06 kN, Ved,B=-102.06 kN
Cant-2, Ved,A= 102.06 kN, vVed,B= 0.00 kN

Maximum reactions due to dead and live loads (Rg and Rq)
Support-0, Rg(x1.35)= 204.12 kN, Rg(x1.50)= 0.00 kN
Support-1, Rg(x1.35)= 204.12 kN, Rg(x1.50)= 0.00 kN

X1
gl

5. Design actions, shearing forces and bending moments

I
Xb(
(E

Design action values after moment redistribution by 0% \u
Reduction of support values to values at support faces (bsup=0.20 m)
Check for minimum values, (0.65gl2/8, 0.65gl2/12)

P

Maximum span bending moments and shear forces for load combinations 1.35g+1.50qg

Cant-1, Med= -71.44 kNm, Ved, A= 6.38 kN, Ved,B= -95.68 kN
Span-1, Med= 21.17 kNm, Ved,A= 95.68 kN, Ved,B= -95.68 kN
Cant-2, Med= -71.44 kNm, Ved,A= 95.68 kN, Ved,B= 6.38 kN

Maximum bending moments at supports for load combinations 1.35g+1.50qg
Support-0, Med= -71.44 kNm, x1=1.600 m, x2=0.000 m
Support-1, Med= -71.44 kNm, x1=3.200 m, x2=1.600 m

Maximum shear forces at distance d from support face 1.35g+1.50qg

Cant-1, b/2+d=0.534m, 1.359g+1.50g=63.79kN/m, VedA= 0.00kN, VedB= 68.00kN
Span-1, b/2+d=0.534m, 1.35g+1.509=63.79kN/m, VedA= 68.00kN, VedB= 68.00kN
Cant-2, b/2+d=0.534m, 1.35g+1.509=63.79kN/m, VedA= 68.00kN, VedB= 0.00kN
6. Ultimate limit state (ULS), design for bending (EC2 EN1992-1-1:2004, S§6.1, §9.2.1)
6.1. Span-1 Ultimate limit state (ULS), design for bending (EC2 §6.1, §9.2.1)

Effective depth of cross section dl=Cnom+gs+0.5@=50+8+0.5x16=66mm, d2=66mm, d=500-66=434mm
Reinforcement for bending (only tension reinforcement is needed)

Med= 21.17kNm bw=500mm d=434mm Kd= 6.67 x/d=0.04 e€c2/es1=-0.7/20.0 ks=2.33, Asl= 1.1l4cm2

Minimum longitudinal tension reinf., As>=0.26bd- -fctm/fyk, (As,min= 3.27cm2) (EC2 §9.2.1.1.1)
Maximum tension or compression reinf., As<=0.04Ac , (As,max=100.0cm2) (EC2 §9.2.1.1.3)
Reinforcement for bending:4@ 14 ( 6.16cm2) (bottom), 4@14 ( 6.16cm2) (top)

Ultimate moment capacity of cross section (EC2 EN1992-1-1:2004, §6.1)

h——n
b=500mm, h=500mm, d=434mm, Asl=6l6mm2, As2=61l6mm2
€c2=-2.60%, €s1=20.00%, Asl/b-d=0.00393(0.393%)

x/d=gc2/ (ec2+e€s1)=2.60/(2.60+20.00)=0.115, x=49.9%mm h 9
ar=0.744, %ka=0.394, Fc=ar ‘b x-fcd=Fsl1=371.27kN, Asl=Fsl/fyd=853mm2

z=d-ka x=([1l-ka -ec2/ (ec2+esl)]d, z/d=1.0-0.394x0.115=0.955, z=414.3mm, I
Kd2=1/(0.744-0.115-0.955-20.00)=0.612 mm2/N, Kd=0.782 ;

Bending capacity Mr=b'd2/Kd2=[106}x5OOx4342/O.612=l54.OOkNm

= BETONexpress 2
software byRUNET (c) AC&Pd.o.o. 04/06/2024 14:59:41
:59:



Solski center NM 27/05/2024 Pg. 3

6.

2. Support-0 Ultimate limit state (ULS), design for bending (EC2 §6.1, §9.2.1)

Effective depth of cross section dl=Cnom+@s+0.5¢g=50+8+0.5x16=66mm, d2=66mm, d=500-66=434mm
Reinforcement for bending (only tension reinforcement is needed)

Med=-71.44kNm bw=500mm d=434mm Kd= 3.63 x/d=0.07 ec2/es1l=-1.5/20.0 ks=2.36, As2= 3.88cm2

Minimum longitudinal tension reinf., As>=0.26bd fctm/fyk, (As,min= 3.27cm2) (EC2 §9.2.1.1.1)
Maximum tension or compression reinf., As<=0.04Ac , (As,max=100.0cm2) (EC2 §9.2.1.1.3)
Reinforcement for bending:4@ 14 ( 6.16cm2) (top), 414 ( 6.16cm2) (bottom)

Ultimate moment capacity of cross section (EC2 EN1992-1-1:2004, §6.1)

6.

b=500mm, h=500mm, d=434mm, Asl=6l6mm2, As2=616mm2

€c2=-2.60%, €s1=20.00%, Asl/b-d=0.00393(0.393%)

x/d=ec2/ (gc2+es1)=2.60/(2.60+20.00)=0.115, x=49.9mm

ar=0.744, %ka=0.394, Fc=ar ‘b-'x- -fcd=Fsl=371.27kN, Asl=Fsl/fyd=853mm2
z=d-ka x=([l-ka - ec2/ (ec2+esl)]ld, z/d=1.0-0.394x0.115=0.955, z=414.3mm,
Kd2=1/(0.744-0.115-0.955-20.00)=0.612 mm2/N, Kd=0.782

Bending capacity Mr=b~d2/Kd2=[106}x500x4342/O.612=154.OOkNm

3. Support-1 Ultimate limit state (ULS), design for bending (EC2 §6.1, §9.2.1)

Effective depth of cross section dl=Cnom+@s+0.5@=50+8+0.5x16=66mm, d2=66mm, d=500-66=434mm
Reinforcement for bending (only tension reinforcement is needed)

Med=-71.44kNm bw=500mm d=434mm Kd= 3.63 x/d=0.07 e€c2/es1=-1.5/20.0 ks=2.36, As2= 3.88cm2
Minimum longitudinal tension reinf., As>=0.26bd -fctm/fyk, (As,min= 3.27cm2)

Maximum tension or compression reinf., As<=0.04Ac , (As,max=100.0cm2)

Reinforcement for bending:4@ 14 ( 6.16cm2) (top), 414 ( 6.16cm2) (bottom)

Ultimate moment capacity of cross section (EC2 EN1992-1-1:2004, §6.1)

b=500mm, h=500mm, d=434mm, Asl=61l6mm2, As2=61l6mm2

€c2=-2.60%, €s1=20.00%, Asl/b-d=0.00393(0.393%)

x/d=gc2/ (ec2+e€s1)=2.60/(2.60+20.00)=0.115, x=49.9%mm

ar=0.744, ka=0.394, Fc=ar 'b-x -fcd=Fsl1=371.27kN, Asl=Fsl/fyd=853mm2
z=d-ka ‘x=([1-ka -gc2/(gc2+esl)]d, z/d=1.0-0.394x0.115=0.955, z=414.3mm,
Kd2=1/(0.744-0.115-0.955-20.00)=0.612 mm2/N, Kd=0.782

Bending capacity Mr:b'd2/Kd2:[106]x500x4342/0.612:154.OOkNm

7. Ultimate limit state (ULS), Design for shear (EC2 EN1992-1-1:2004, §6.2, §9.2.2)
7.1. Span-0 right Ultimate limit state (ULS), Design for shear (EC2 §6.2, §9.2.2)
Shear capacity without shear reinforcement Vrdc (EC2 §6.2.2)
Vrdc=[Crdc "k (100pl -fck) %®+k1 ocp] ‘bw-d, Vrdc>=(vmin+kl -ocp) ‘bw-d (EC2 Eq.6.2.a,b)

Crdc=0.18/yc=0.18/1.50=0.120, fck=30MPa ,bw=500mm, d=434mm

k=1++(200/d)<=2, k=1.68, kl1=0.15

Vrd,c(min)=0.001x(0.42)x500x434=91.14kN, vmin:0.0350~k1m~Vfck = 0.42N/mm2, (EC2 Eg.6.3N)
pl=616/(500x434)=0.0028, Vrdc:0.001x[0.120x1.68x(0.28x30)Q%]x500x434:88.93, Vrdc=91.14kN
Ved=68.00 kN <= Vrdc=91.14 kN, Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax (EC2 §6.2.3 Eg.6.9)
Vrdmax=ocw ‘bw -z ‘vl -fcd/ (cotb+tan@), Ved/max (Vrdmax)=0.09, 6=21.8° cot6=2.50 tan6=0.40

acw=1.00 z=0.9d, fck=30.0<=60Mpa v1=0.6[1-fck/250]=0.6[1-30/250]=0.528, fcd=20.00Mpa
Vrdmax=0.001x1.00x500x0.9x434x0.528%x20.00/2.90=711.2 kN

Ved=95.7 kN < 711.2 kN =Vrdmax, the check is verified
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Minimum links for shear reinforcement

Minimum shear reinforcement ratio pw,min

ow,min=(0.08x (fck) %®/fyk, fck=30N/mm2, fyk=500N/mm2, opw,min=0.0009
min Asw/s=10x0.0009%x500xsin(90°)= 4.50cm2/m

Maximum longitudinal spacing of links slmax=0.75d (<=600mm)=325mm

Maximum transverse spacing of link legs stmax=0.75d (<=600mm)=325mm

Minimum shear reinforcement 2@ 8/32.5 (Asw/s= 6.19cm2/m)

Span-0 right Shear reinforcement: 2@ 8/32.5 (Asw/s= 6.19cm2/m)

7.2. Span-1 left Ultimate limit state (ULS), Design for shear

Shear capacity without shear reinforcement Vrdc

Vrde=[Crdc -k - (100pl -fck) "B+k1 -ocp) ‘bw-d, Vrde>=(vmin+kl -ocp) -bw-d
Crdc=0.18/yc=0.18/1.50=0.120, fck=30MPa ,bw=500mm, d=434mm
k=1++(200/d)<=2, k=1.68, k1=0.15

Vrd, c(min)=0.001x(0.42)x500x434=91.14kN, vmin=0.0350 k" yfck = 0.42N/mm2,

(EC2 §9.2.2)
(EC2 Eq.9.5N)

(EC2 §9.2.2.6, Eg.9.6N)
(§9.2.2.8, Eg.9.8N)

(EC2 §6.2, §9.2.2)

(EC2 §6.2.2)
(EC2 Eg.6.2.a,b)

(EC2 Eq.6.3N)

pl=616/(500x434)=0.0028, Vrdc:O.001x[O.120xl.68x(0.28x30)0%]x500x434:88.93, Vrdc=91.14kN
Ved=68.00 kN <= Vrdc=91.14 kN, Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax

Vrdmax=acw ‘bw -z vl -fcd/ (cot6+tan®), Ved/max (Vrdmax)=0.09, ©=21.8°
acw=1.00 z=0.9d, fck=30.0<=60Mpa v1=0.6[1-fck/250]=0.6[1-30/250]=0.528,

Vrdmax=0.001x1.00x500x0.9x434x0.528x20.00/2.90=711.2 kN
Ved=95.7 kN < 711.2 kN =Vrdmax, the check is verified

Minimum links for shear reinforcement

Minimum shear reinforcement ratio pw,min

pw,min:(O.OSX(fck)05/fyk, fck=30N/mm2, fyk=500N/mm2, pw,min=0.0009
min Asw/s=10x0.0009%x500xsin(90°)= 4.50cm2/m

Maximum longitudinal spacing of links slmax=0.75d (<=600mm)=325mm

Maximum transverse spacing of link legs stmax=0.75d (<=600mm)=325mm

Minimum shear reinforcement 2@ 8/32.5 (Asw/s= 6.19cm2/m)

Span-1 left Shear reinforcement: 2@ 8/32.5 (Asw/s= 6.19cm2/m)

7.3. Span-1 right Ultimate limit state (ULS), Design for shear

Shear capacity without shear reinforcement Vrdc

Vrde=[Crdc -k - (100pl -fck) "B+k1 -ocp] ‘bw-d, Vrdc>=(vmin+kl -ocp) -bw-d
Crdc=0.18/yc=0.18/1.50=0.120, fck=30MPa ,bw=500mm, d=434mm
k=1++(200/d)<=2, k=1.68, kl1=0.15

Vrd, c(min)=0.001x(0.42)x500x434=91.14kN, vmin=0.0350 k"0 \fck = 0.42N/mm2,

(EC2 §6.2.3 Eg.6.9)

cotB=2.50 tan6=0.40
fcd=20.00Mpa

(EC2 §9.2.2)
(EC2 Eq.9.5N)

(EC2 §9.2.2.6, Eg.9.6N)
(§9.2.2.8, Eg.9.8N)

(EC2 §6.2, §9.2.2)

(EC2 §6.2.2)
(EC2 Eq.6.2.a,b)

(EC2 Eqg.6.3N)

pl=616/(500x434)=0.0028, Vrdc=0.001x[0.120x1.68x(0.28x30)Q%]x500x434=88.93, Vrdc=91.14kN
Ved=68.00 kN <= Vrdc=91.14 kN, Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax

Vrdmax=ocw ‘bw -z vl -fcd/ (cot6+tan®), Ved/max (Vrdmax)=0.09, 6=21.8°
acw=1.00 z=0.9d, fck=30.0<=60Mpa v1=0.6[1-fck/250]=0.6[1-30/250]=0.528,

Vrdmax=0.001x1.00x500x0.9x434x0.528x20.00/2.90=711.2 kN
Ved=95.7 kN < 711.2 kN =Vrdmax, the check is verified

Minimum links for shear reinforcement

Minimum shear reinforcement ratio pw,min

pw,min:(O.OSX(fck)05/fyk, fck=30N/mm2, fyk=500N/mm2, pw,min=0.0009
min Asw/s=10x0.0009x500xsin(90°)= 4.50cm2/m

Maximum longitudinal spacing of links slmax=0.75d (<=600mm)=325mm

Maximum transverse spacing of link legs stmax=0.75d (<=600mm)=325mm

Minimum shear reinforcement 2@ 8/32.5 (Asw/s= 6.19cm2/m)

Span-1 right Shear reinforcement: 2@ 8/32.5 (Asw/s= 6.19cm2/m)

(EC2 §6.2.3 Eg.6.9)

cotB=2.50 tan6=0.40
fcd=20.00Mpa

(EC2 §9.2.2)
(EC2 Eq.9.5N)

(EC2 §9.2.2.6, Eg.9.6N)
(§9.2.2.8, Eg.9.8N)
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7.4. Span-2 left Ultimate limit state (ULS), Design for shear (EC2 §6.2, §9.2.2)
Shear capacity without shear reinforcement Vrdc (EC2 §6.2.2)
Vrdc=[Crdc "k (100pl -fck) °®+k1 ocp] ‘bw-d, Vrdc>=(vmin+kl -ocp) ‘bw-d (EC2 Eq.6.2.a,b)

Crdc=0.18/yc=0.18/1.50=0.120, fck=30MPa ,bw=500mm, d=434mm

k=1++(200/d)<=2, k=1.68, kl1=0.15

Vrd,c(min)=0.001x(0.42)x500x434=91.14kN, vmin:0.0350~ktm-Vfck = 0.42N/mm2, (EC2 Eg.6.3N)
pl=616/(500x434)=0.0028, Vrdc:O.Ole[O.lZOXI.68x(0.28x30)Q%]x500x434:88.93, Vrdc=91.14kN
Ved=68.00 kN <= Vrdc=91.14 kN, Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax (EC2 §6.2.3 Eg.6.9)
Vrdmax=ocw ‘bw -z vl -fcd/ (cot6+tan®), Ved/max (Vrdmax)=0.09, 6=21.8° cot6=2.50 tan6=0.40

acw=1.00 z=0.9d, fck=30.0<=60Mpa v1=0.6[1-fck/250]=0.6[1-30/250]=0.528, fcd=20.00Mpa
Vrdmax=0.001x1.00x500x0.9x434x0.528%x20.00/2.90=711.2 kN

Ved=95.7 kN < 711.2 kN =Vrdmax, the check is verified

Minimum links for shear reinforcement (EC2 §9.2.2)

Minimum shear reinforcement ratio pw,min (EC2 Eg.9.5N)
ow,min=(0.08x (fck) %®/fyk, fck=30N/mm2, fyk=500N/mm2, opw,min=0.0009

min Asw/s=10x0.0009%x500xsin(90°)= 4.50cm2/m

Maximum longitudinal spacing of links slmax=0.75d (<=600mm)=325mm (EC2 §9.2.2.6, Eg.9.6N)
Maximum transverse spacing of link legs stmax=0.75d (<=600mm)=325mm (§9.2.2.8, Eg.9.8N)

Minimum shear reinforcement 2@ 8/32.5 (Asw/s= 6.19cm2/m)

Span-2 left Shear reinforcement: 2@ 8/32.5 (Asw/s= 6.19cm2/m)

8. Serviceability limit state (SLS), Span-1 (EC2 EN1992-1-1:2004, §7)

L=3.200m, b=0.500m, h=0.500m, d=0.434m
Load (quasi-permanent combination) ged=g+y2 :-g=47.25+0.30x0.00=47.25 kN/m
Leff=3.200m, Med=(47.25/63.79)x21.17=15.68 kNm, Med(SLS)=15.68 kNm

Final creep coefficient ¢(w,to)=2.50 (EC2 §3.1.4, Annex B)
Total shrinkage strain ecs=-0.30%

yc=1.00, ys=1.00 (EC2 §2.4.2.4.2)
Modulus of elasticity of concrete Ecm=33.0GPa, Eceff=33.0/(1+2.50)=9.43GPa=9430MPa (EC2 Eqg.7.20)

Modulus of elasticity of steel Es=200GPa=200000MPa

Modular ratio Es/Ec=200/33.0=6.06, effective Es/Ec,eff=200/9.43=21.21

Tension reinforcement: 414 ( 6.16cm2), Compression reinforcement: 4¢i14 ( 6.1l6cm2)
Reinforcement ratio p=Asl/(b-d)=616/(500x434)=0.0028, p'=As2/(b-d)=616/(500x434)=0.0028

8.1. State I (uncracked section) (SLS), Span-1

Bending stiffness of uncracked section, EI=(200/21.21)x(0.001x6.405)=60400 kNm2

Ai=Ac+(n-1) (Asl+As2), e=(n-1) (Asl yls-As2-y2s)/Ai, I=Ic+b-h-e2+ (Asl yls2+As2-y2s2) (n-1)
S=As.y2s=(0.001)2x616x0.187=(0.001)x0.115 m3 , y2=253mm, y2s=y2-d2=253-66=187mm (EC2 Eqg.7.21)
Curvature due to moment 1/rM=15.68/60400=(0.001)x0.260 (1/m)

Curvature due to shrinkage 1/rcs=(0.001x0.30)x21.21x(0.115/6.405)=(0.001)x0.114(1/m)

Total curvature 1/r=(0.001)x0.260+(0.001)x0.114=(0.001)x0.374(1/m)

Cracking moment, Mcr=fctm-(I/y2)=2.9%x(6.405/0.253)=73.43 kNm

8.2. State II (fully cracked section) (SLS), Span-1

p=0.0028, p'=0.0028, p'/p=1.000, n=ce=21.21, n-p=0.059, £=0.672, a=0.262, x=0'd=0.114m

Bending stiffness of fully cracked section, EI=¢‘'Es-As -d2=0.672x200x616x0.4342=15590 kNm2
y2=(l-a)d=320mm, es=y2 M/EI=(0.001)x320x15.68/15590=0.32

S=As.y2=(0.001)2x616x0.320=(0.001)x0.197 m3 (EC2 Eqgq.7.21)
Curvature due to moment 1/rM=15.68/15590=(0.001)x1.006 (1/m)

Curvature due to shrinkage 1/rcs=(0.001x0.30)x21.21x(0.197/1.653)=(0.001)x0.760(1/m)

Total curvature 1/r=(0.001)x1.006+(0.001)x0.760=(0.001)x1.765(1/m)

Med=15.68 kNm, ec/es=0.11/0.32, x=114mm, os=64 N/mm2
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8.3. Checking deflections without calculation (SLS), Span-1 (EC2 §7.4.2)
1/d=K[11+1.5+fck (po/p)+3.2~fck (po/p-1) ¥1=65.19 (EC2 Eqg.7.16a)
fck=30.00N/mm2, po=0.001x+/30.00=0.0055, p=0.0028, p'=0.0014, p<=po, K=1.5
1/d=(310/0s)x(1/d), os=64 N/mm2, 1/d=(310/64)x65.19=313.53 (EC2 Eq.7.17)

leff/d=3.200/0.434=7.37 <= 313.53, Span/depth under limits

8.4. Checking deflections by calculation (SLS), Span-1 (EC2 §7.4.3)
Med=15.68<0.70xMcr=0.70x73.43=51.40 kNm, (=0.00 (Eq.7.19)
Final curvature (1/r)=0.00x(0.001x1.765)+(1-0.00)x(0.001x0.374)=(0.001)x0.374(1/m) (Eq.7.18)

B=(Ma+Mb) /Mc=(71.44+71.44)/21.17=6.75, k=0.104(1-6.75/10)=0.0338
f=k-Leff2-(1/r)=0.0338x3.2002x0.374=0.13 mm
f=0.13mm <= 1000x3.200/250=12.80mm, Deflection under limits

8.5. Minimum reinforcement areas (SLS) (EC2 EN1992-1-1:2004, §7.3.2)

Minimum reinforcement areas As,min=kc-k-fct,eff  -Act/os (EC2 Eg.7.1)
b=0.500m, beff=0.500m, h=0.500m, d=0.434m, x=0.114m, @=14mm

Ned=0.00kN, oc=(Ned/bh)=0.0N/mm2, os=fyd=435N/mm2

Act=(h-x) ‘b=(500-114)x500=193211 mm2

max (h,bl)=500mm, fctm=2.90N/mm2, Act=193211mm2, k=0.86, kc=0.40, kl1=1.50

Minimum reinforcement, As,min=0.40x0.86x2.90x193211/435=443mm2

8.6. Calculation of crack width (SLS), Span-1 (EC2 EN1992-1-1:2004, §7.3.3)
wk=sr,max - (esm-ecm) (EC2 Eqg.7.8)
esm-ecm=[os-kt - (fct,eff/peff) (l+oe -peff)]/Es >=0.6 os/Es (EC2 Eq.7.9)

0s=64N/mm2, short term loading:Es/Ec=6.06, kt=0.6, long term loading:Es/Ec=21.21, kt=0.4

2.5(h-d)=165 mm, (h-x)/3=129 mm, h/2=250 mm

Aceff=0.333(h-x)b=0.333x(500-114)x500=64339 mm2 (§7.3.2.3)
peff=As/Ac,eff=616/64339=0.010

esm-ecm=[64-0.4%x(2.9/0.010) (1+21.21x0.010)1/200=-0.41% >= 0.6x64/200=0.19%

sr,max=k3 - (Cnom+gs)+kl k2 k4 -g/peff (EC2 Eg.7.11)
@g=14mm, k1=0.8, k2=(el+e2)/2el1=0.5, k3=3.4, k4=0.425

sr,max=3.4x58.00+0.8x0.5x0.425%x14/0.010=445.78 mm

wk=sr,max - (esm-ecm)=445.78x0.001x0.19=0.09 mm

wk=0.09mm<=0.30mm=wmax, Environmental class: XC4, Crack width under limit

9. Serviceability limit state (SLS), Cant-Left (EC2 EN1992-1-1:2004, §7)

L=1.600m, b=0.500m, h=0.500m, d=0.434m

Load (quasi-permanent combination) ged=g+y2 - -gq=47.25+0.30x0.00=47.25 kN/m

Leff=1.600m, Med=(47.25/63.79)x71.44=52.92 kNm, Med(SLS)=52.92 kNm

Final creep coefficient ¢©(w,to)=2.50 (EC2 §3.1.4, Annex B)
Total shrinkage strain ecs=-0.30%

yc=1.00, ys=1.00 (EC2 §2.4.2.4.2)
Modulus of elasticity of concrete Ecm=33.0GPa, Eceff=33.0/(1+2.50)=9.43GPa=9430MPa (EC2 Eqg.7.20)
Modulus of elasticity of steel Es=200GPa=200000MPa

Modular ratio Es/Ec=200/33.0=6.06, effective Es/Ec,eff=200/9.43=21.21

Tension reinforcement: 4@14 ( 6.16cm2), Compression reinforcement: 4¢i14 ( 6.16cm2)

Reinforcement ratio p=Asl/(b-d)=616/(500x434)=0.0028, p'=As2/(b-d)=616/(500x434)=0.0028

9.1. State I (uncracked section) (SLS), Cant-Left

Bending stiffness of uncracked section, EI=(200/21.21)x(0.001x6.405)=60400 kNm2

Ai=Ac+(n-1) (Asl+As2), e=(n-1) (Asl-yls-As2-y2s)/Ai, I=Ic+b-h-e2+(Asl - yls2+As2-y2s2) (n-1)
S=As.y2s=(0.001)2x616x0.187=(0.001)x0.115 m3 , y2=253mm, y2s=y2-d2=253-66=187mm (EC2 Eg.7.21)
Curvature due to moment 1/rM=52.92/60400=(0.001)x0.876 (1/m)

Curvature due to shrinkage 1/rcs=(0.001x0.30)x21.21x(0.115/6.405)=(0.001)x0.114(1/m)

Total curvature 1/r=(0.001)x0.876+(0.001)x0.114=(0.001)x0.991(1/m)

Cracking moment, Mcr=fctm-(I/y2)=2.9%x(6.405/0.253)=73.43 kNm
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9.2. State II (fully cracked section) (SLS), Cant-Left

p=0.0028, p'=0.0028, p'/p=1.000, n=ae=21.21, n-p=0.059, £=0.672, o=0.262, x=0-d=0.114m

Bending stiffness of fully cracked section, EI=¢‘'Es-As-d2=0.672x200x616x0.4342=15590 kNm2
y2=(l-a)d=320mm, es=y2 -M/EI=(0.001)x320x52.92/15590=1.09

S=As.y2=(0.001)2x616x0.320=(0.001)x0.197 m3 (EC2 Eg.7.21)
Curvature due to moment 1/rM=52.92/15590=(0.001)x3.394 (1/m)

Curvature due to shrinkage 1/rcs=(0.001x0.30)x21.21x(0.197/1.653)=(0.001)x0.760(1/m)

Total curvature 1/r=(0.001)x3.394+(0.001)x0.760=(0.001)x4.154(1/m)

Med=52.92 kNm, ec/es=0.39/1.09, x=114mm, 0s=218 N/mm2

9.3. Checking deflections without calculation (SLS), Cant-Left (EC2 §7.4.2)
1/d=K[11+1.5~fck (po/p)+3.2~fck(po/p-1) ¥21=17.38 (EC2 Eq.7.16a)
fck=30.00N/mm2, po=0.001x+30.00=0.0055, p=0.0028, p'=0.0014, p<=po, K=0.4
1/d=(310/0s)x(1/d), o0s=218 N/mm2, 1/d=(310/218)x17.38=24.77 (EC2 Egq.7.17)

leff/d=1.600/0.434=3.69 <= 24.77, Span/depth under limits

9.4. Checking deflections by calculation (SLS), Cant-Left (EC2 §7.4.3)
(=1-0.50 " (Mcr/Med)2=1-0.50x(73.43/52.92)2=0.04 (Eq.7.19)
Final curvature (1/r)=0.04x(0.001x4.154)+(1-0.04)x(0.001x0.991)=(0.001)x1.109(1/m) (Eq.7.18)

f=kLeff2-(1/r)=0.2500x1.6002x1.109=0.71 mm
f=0.71lmm <= 1000x1.600/250=6.40mm, Deflection under limits

9.5. Minimum reinforcement areas (SLS) (EC2 EN1992-1-1:2004, §7.3.2)

Minimum reinforcement areas As,min=kc-k-fct,eff  -Act/os (EC2 Eqg.7.1)
b=0.500m, beff=0.500m, h=0.500m, d=0.434m, x=0.114m, @=14mm

Ned=0.00kN, oc=(Ned/bh)=0.0N/mm2, os=fyd=435N/mm2

Act=(h-x) ‘b=(500-114)x500=193211 mm2

max (h,bl1)=500mm, fctm=2.90N/mm2, Act=193211mm2, k=0.86, kc=0.40, k1=1.50

Minimum reinforcement, As,min=0.40x0.86x2.90x193211/435=443mm2

9.6. Calculation of crack width (SLS), Cant-Left (EC2 EN1992-1-1:2004, §7.3.3)
wk=sr,max - (esm-ecm) (EC2 Eg.7.8)
esm-ecm=[os-kt - (fct,eff/peff) (1+ae ‘peff)]/Es >=0.6 os/Es (EC2 Eg.7.9)

0s=218N/mm2, short term loading:Es/Ec=6.06, kt=0.6, long term loading:Es/Ec=21.21, kt=0.4

2.5(h-d)=165 mm, (h-x)/3=129 mm, h/2=250 mm

Aceff=0.333(h-x)b=0.333x(500-114)x500=64339 mm2 (§7.3.2.3)

peff=As/Ac,eff=616/64339=0.010

esm-ecm=[218-0.4x(2.9/0.010) (1+421.21x0.010)]1/200=0.36% >= 0.6x218/200=0.65%

sr,max=k3 - (Cnom+@s)+kl k2 k4 -@/peff (EC2 Eq.7.11)
@g=14mm, k1=0.8, k2=(el+e2)/2el=0.5, k3=3.4, k4=0.425

sr,max=3.4x58.00+0.8x0.5x0.425%x14/0.010=445.78 mm

wk=sr,max - (esm-ecm)=445.78x0.001x0.65=0.29 mm

wk=0.29mm<=0.30mm=wmax, Environmental class: XC4, Crack width under limit
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OPCIJSKA KONZOLNA PILOTNA STENA
— pred izvedbo preveriti temeljna tla objekta
Sportna dvorana Leona Stuklja

tamel jill PR: 195.95
Ell &
ls sfls i
e efle 3HE o3z
e sle iz iz | )
3.00 } 3.00 | 3.00 } 3.00 ) 3.00 | 3.00
o S8 89 S10 S14S15$16817S1851é $215122523 S24 525
4
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—— Dno gradpene jame,
odmik od objekta = 1,75m, 192.10
— kota dna =1192,170 m n.v dP
=
\
N
o
o
o
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Cradbis¢na cesta, s=4m,
vzdolZni naklon=20%

L=8.50m, piloti #0.5m /1.0m, AB GREDA 0.7x0.7m

05 04 03 02 01

423024425026 427 12829430431

N
2J33J34J35J36J37 J38J39 J40 J41 N

temelji: 190.02
M J

temelji K:194.13
4N J

®
5.20 |} 3.20 | 5.20 } 3.20 | 5.20 |} 5.20 } 5.20 |} 5.20 } 35.20
, 34.0D .
! temelji PR:197.63 !
SIDRANA PILOTNA BTENA PS—2
L=34.00m, piloti #0.4m /0.8n, AB GREDA 0.5x0.5m,
IBO PASIVNA SIDRA 93P /250, L=12.0m
piloti izvedeni nad dnom gradbene jame in sidrani z
IBO PASIVNA SIDRA 23

2 /250, L=6.0m

Sportna dvorana - Solski center Novo mesto

02 GRADBENA SITUACIJA

Gradbena situacija zaSCite gradbene jame

merilo: 1:250

Dispozicija sider:
POZICIJA L prosti L vezni Tip sidra Naklon
[m] [m]

S1 6.00 6.00 Trivrvno 3x6"/251 kN 358
S2 6.00 6.00 Trivrvno 3x6"/251 kN 35°
S3 6.00 7.00 Trivivno 3x6"/251 kN 35°
S4 6.00 7.00 Trivrvno 3x6"/251 kN 35°
S5 6.00 8.00 Trivivno 3x6"/251 kN 35°
S6 6.00 8.00 Trivrvno 3x6"/251 kN 35°
S7 6.00 9.00 Trivivno 3x6"/251 kN 35°

B

MINISTRSTVO ZA VZGOJO IN IZOBRAZEVANJE,
MASARYKOVA CESTA 16, 1000 LJUBLJANA

AC&P inZenirski biro d.o.o. (@
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izdelal: ANDREJ BRICMAN, dipl.inz.geol. (UN)
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vrsta projekta: Pzl
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Gradbena situacija zasCite gradbene jame
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0.211m2

0.570 x 0.371

Lv= 6.0m
Lp= 6.0m

Lv=6.0m

Lp= 6.0m
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Sportna dvorana - Solski center Novo mesto

06 ZAKOLICBENA SITUACIJA
Zakoli¢bena situacija

merilo: 1:250

Zakolitha konstrukcij:

POZICIUA X Y VA

1 512329.5222 72856.1566 193.91

2 512304.0224 72856.0375 196.46

3 512303.6044 72828.3868 196.84

4 512307.3798 72803.8231 197.25

5 512339.8719 72803.9627 194.44

6 512350.1338 72810.4141 193.57

It 512344.3857 72810.3875 193.57

8 512344.3728 72813.1374 193.57

B 512344.1692 72847.34108

B2 512344.3192 72823.92329

Zakolicba izkopov in gradbene jame:
POZICIJA X Y POZICIJA X Y

T1 512331.809 72855.8233 T18 512303.7263 72807.13007
T2 512331.7978 72858.21288 T19 512306.785 72812.94456
T3 512340.0089 72855.86206 720 512303.3728 72812.92847
T4 512340.0023 72857.2793 T21 512306.6119 72818.75367
T5 512342.0186 72853.71115 722 512303.5535 72818.72939
T6 512343 4711 72853.718 723 512306.4394 72824.54306
T7 512342.046 7284791122 T24 512303.736 72824.53031
T8 512343.9549 72847.92022 125 512306.2666 72830.34231
T9 512342.1831 72818.91154 726 512303.3434 72830.26597
T10 512344.6835 72818.92333 T27 512306.0939 72836.14156
T11 512342.2105 72813.11161 728 512302.847 72836.12625
T12 512344.7218 72813.12345 729 512305.9211 72841.94081
13 512347.2041 72807.33509 T30 512302.3722 72841.92407
T14 512353.1723 72807.36323 T31 512308.8118 72847.7545
T15 512340.2482 72805.12853 732 512302.3611 7284772409
T16 512340.2551 72803.65586 733 512308.7845 72853.55444
T17 512306.9575 72807.15517 T34 512303.4037 72853.52907

B
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0.297 m2

1.000 x 0.297

OBJEKT SCNM
kota temeljev = cca. 195,95 m n.v.

SIDRANA PILOTNA STENA

L=32.40m, piloti 0.4m/0.8m, AB GREDA 0.5x0.5m,
IBO PASIVNA SIDRA ©32/250, L=12.0m

piloti izvedeni nad dnom gradbene jame in sidrani z
IBO PASIVNA SIDRA 932 /250, L=6.0m

J21

1197.25
N

Sidra IBO R32,/250 | |Sidra IBO R32,/250
L=12.00 m, B=3.20 m L=6.00 m, B=1.00 m

S1
1964

HPiloti #40/80 cm|

Zacasni izkopi v naklonu 1:1,
v hribini 5:1

Dno gradbene jemek

Meja kompaktne
hribinske podlage

L=6.06

OBJEKT DELAVNICE
kota temeljev = cca 195,95 m n.v.

SIDRANA PILOTNA STENA PSI1
L=25.50m, piloti 80.5m /1.0m,
AB GREDA 0.7x0.7m,
GEOTEHNICNA SIDRA 3x6” /25TkN

Piloti #50,/100cm|

Geotehni¢na sidra

3x6" /251kN

Sportna dvorana - Solski center Novo mesto

32 PRECNI PREREZI
Precni prerez gradbene jame

merilo: 1:100/100

B
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0.220 m2

0.740 x 0.297

Pilotna stena PS2 Sportna dvorana - Solski center Novo mesto
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Vzdolzni profili pilotnih sten
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Sidra IBO R32/250, L=6.00 m, B=1.00 m
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\ } 1 i i L(cnj ‘ izdelal: ANDREJ BRICMAN, dipl.inZ.geol. (UN)
|
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I | 1l ~
} . < vrsta projekta: Pzl
Il 192.10
A4 vrsta naérta: 2.1 Natrt zas¢ite gradbene jame
|
i naziv objekta: Sportna dvorana - Solski center Novo mesto
|

webinarsoe: 42 \/ZDOLZN| PROFIL
Vzdolzni profili pilotnih sten

datum: §t. projekta: §t. nacrta: merilo: §t. risbe:

I
| |
| | | 05.2024 028-23 028-23-21 1:100/100 G.4




Seznam palic - oblika krivljenja

Sportna dvorana - Solski center Novo mesto

ARMATURNE RISBE
PILOTI fi50

MINISTRSTVO ZA VZGOJO IN IZOBRAZEVANJE,

Masarykova cesta 16,
1000 Ljubljana

AC&P inZenirski biro d.o.o.¥:{e]
podjetje za geotehniko, infrastrukturo in raziskave &
Tovarniska cesta 26, 5270 ajdovicina | +386(0)5 8500740 | info@acap.si P

U Poz. |Kosov| Fi Posam. Kotirana oblika krivljenja
=Q<@3 dolZina (ni v merilu)
s )\
14 mm m
6 fmm] [ [m]
1 1 12 Tek.m
H—()s 016
= 6 )4 012
HEN-®ev 2| 2| 12 172 “
BN~ 1012 . |
|\ )4012 W
isl 3 8 12 0.30
[T 30
i 4 2 12 0.92
§ 32
] £
i 5 8 10 0.58 18
H /N
i =+
ini 4010 6 4 12 4.90
H 490
e 2 )1912
3;: \@4012
i 7 8 16 5.55
4)2012 555
A t A t Al t A t
AB PILOT % dolZina L | Armatura rma l;ra rma l;ra rma :ra rma l;ra Armatura | Armatura
st. poz. poz. poz. poz.
D50cm m oz. 1 (m 0z. 6 (m) |poz. 7 (m
(m) poz-1(m) ) (kos) (kos) (kos) | P°o% ©(m)|poz.7(m]
1 1 4.0 35.82 2 8 2 8 15.60 45.50
2 2 4.5 81.88 4 16 4 16 35.20 101.00
3 6 5.0 272.04 12 48 12 48 117.60 333.00
4 6 5.5 298.44 12 48 12 48 129.60 363.00
5 6 6.0 324.90 12 48 12 48 141.60 393.00
6 4 6.5 234.20 8 32 8 32 102.40 282.00
skupaj 25 1247.28 50.00 200.00 50.00 200.00 542.00 1517.50
teza (kg/m) 0.92 0.92 0.92 0.92 0.65 0.92 1.64
skupna teZa (kg) 1147.50 79.12 55.20 42.32 75.40 498.64 2488.70
Skupaj (kg)| 4386.88

vodja projekta: MATEJ SOMRAK, univ.dipl.inZ.arh. ZAPS A-1746
pooblaséeni inZenir: ANDRAZ CEKET, univ.dipl.inZ.grad. IZS P1 G-2435
izdelal: NIKO ROVTAR
investitor: Ministrstvo za vzgojo in izobraZevanje, Masarykova cesta 16, 1000 Ljubljana
vrsta projekta: PZI
vrsta naérta: 2 Nacrt gradbenistva - Nagért varovanja gradbene jame

naziv objekta: Sportna dvorana - Solski center Novo mesto

wenarie ARMATURNE RISBE
PILOTI fi50
datum: §t. projekta: §t. nacrta: merilo: §t. risbe:
05.2024 028-23 028-23-21 1:50 G.5
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Placed Image


AB PILOT 40, L=3,0-5,0m, kd 59

o
=)

Palice - specifikacija

Sportna dvorana - Solski center Novo mesto

ARMATURNE RISBE
PILOTI fi40

MINISTRSTVO ZA VZGOJO IN IZOBRAZEVANJE,

Masarykova cesta 16,
1000 Ljubljana

Tovarnidka cesta 26, 5270 ajdovi¢ina | +386(0)5 8500740 | info@acap.si|

AC&P inZenirski biro d.o.o.
podjetje za geotehniko, infrastrukturo in raziskave &P

F—F
3 ozn oblika in mere (]
[cm]
< { @ 4214 TH AB pilot 40
z; 1 |24 8
H|
T | |
z; §' 2 L pilota 16
@ 414 | ]
z; 3 21 ]m
i& £
<’> B
<:> g 4 24
LT S|
[ © 5 290 - 490 12
= @ 4p14 z} g 20
iEY ® 6 o ﬁ 10
z§> 15 15
@ 4214 zE:
® ap12| [
@ ax2@16 | H1
@ 4214 <§: {L
. & 4 ®) 20910 - 4kd ob poz. 3
L0,
A t A t A t
AB PILOT %t dolzina L | Armatura rma L;ra Armatura rma L:‘ra rma L;ra Armatura
®40cm st (m) poz. 1 (m) poz. poz. 3 (m) poz. poz. poz. 6 (m)
(kos) (kos) (kos)
1 2 2.0 20.14 43 ] 4 23 3.88
2 9 3.5 158.31 252 12 17 122 39.96
3 13 4.0 261.20 416 17 25 203 57.72
4 12 4.5 271.32 432 24 a5 211 79.92
5 5 5.0 125.65 200 10 14 98 33.30
skupaj 41 846.72 1,348 65.31 95.04 657.60 219.78
teza (kg/m) 0.41 1.64 1.25 1.25 0.92 0.65
skupna teia (kg) 347.16 3,802.44 24.49 109.20 350.90 142.86
Skupaj (kg)| 4777.13

vodja projekta: MATEJ SOMRAK, univ.dipl.inZ.arh. ZAPS A-1746
pooblaséeni inZenir: ANDRAZ CEKET, univ.dipl.inZ.grad. IZS P1 G-2435
izdelal: NIKO ROVTAR
investitor: Ministrstvo za vzgojo in izobraZevanje, Masarykova cesta 16, 1000 Ljubljana
vrsta projekta: PZI
vrsta naérta: 2 Nacrt gradbenistva - Nagért varovanja gradbene jame

naziv objekta: Sportna dvorana - Solski center Novo mesto

wenarie ARMATURNE RISBE
PILOTI fi40
datum: §t. projekta: §t. nacrta: merilo: §t. risbe:
05.2024 028-23 028-23-21 1:50 G.6
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AC&P

ARM_ greda.dwg

= 0169 m2

0570 x 0.297

AB GREDA 50x50cm, kampada L=6.10m

PREREZ

@%@16

50
7 (1) 41@10/15cm

L1 1 |
(2 +4016

50

Detajl dilatacije $=2cm

EPS nizke
tlacne trdnosti

trajno
elastiéni kit

AB GREDA 50x50cm s sidrisci, kampada L=6.10m

PREREZ

50
7 (1) 41@10/150m

@ 2016

(2) +4016

50

3016 3) 3010/sidrisce

3016 =

50

22

Sidris¢e na osnem razmaku 1,60m (3% na kampado)
Palico poz. 2 rezati na licu mesta, zaradi sidriSc !

Dilatacija:

* armaturna palica fi20 dolzine 150cm - moznik
* polovica palice v PVC cevi, polovica pa v betonu

* 4x £i20 / dilatacijo

Sportna dvorana - Solski center Novo mesto

71 ARMATURNE RISBE
Armaturna risba grede 50x50

merilo: 1:50

Armaturna greda 50x50
ARMATURNI IZVLECEK
iy DolZina |5t. Teiana |Skupaj
poz. [mm] |[m] kosov |m [kg/m] |[kg]
40
1 55
jﬂ ] 10 2.20 | 170.7| 0.630 252.68
2 800
16 6.00 a7 1.640 560.88
s
3 ]
) 10 2.06 51.3 0.650 b6E.69
4 150
16 1.50 | 45.6 1.640 112.18
Skupaij: 994.43
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MASARYKOVA CESTA 16, 1000 LJUBLJANA
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Armaturna risba grede 50x50

datum: §t. projekta: §t. nacrta: merilo:

05.2024 028-23 028-23-21 1:50

§t. risbe:

G.7



andrejg
Placed Image


AC&P

ARM_ greda.dwg

= 0169 m2

0570 x 0.297

AB GREDA 70x70cm, kampada L=6.10m
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Sidri¢e na osnem razmaku 1,00m (5% na kampado)
Palici poz. 2 rezati na licu mesta, zaradi sidriS¢ !

Dilatacija:

* armaturna palica fi20 dolzine 150cm - moznik

* polovica palice v PVC cevi, polovica pa v betonu
* 4x fi20 / dilatacijo

merilo: 1:

Sportna dvorana - Solski center Novo mesto

71 ARMATURNE RISBE
Armaturna risba grede 70x70

Armaturna greda 70x70
ARMATURNI IZVLECEK
iy DolZina |5t. Teiana |Skupaj
poz. [mm] {[m] kosowv [m [kg/m] |[kg]
B0
11
13 )
c; ' 10 3.22 | 106.3 0.650 222 38
2 800
16 6.00 76.5 1.640 752.76
3
10 3.06 | 63.75 0.650 126.80
a0
4 H“ H
=0 10 2.02 340 0.650 446.42
5 100
16 1.00 42.5 1.640 69.70
Skupaj: 1,618.06

MINISTRSTVO ZA VZGOJO IN IZOBRAZEVANJE,
MASARYKOVA CESTA 16, 1000 LJUBLJANA

AC&P inZenirski biro d.o.o. [:\(@®;
podjetje za geotehniko, infrastrukturo in raziskave &P
tovarniska c. 26, 5270 ajdovicina | +386(0)5 8500740 | info@acap.si

vodja projekta: MATEJ SOMRAK, univ.dipl.inZ.arh. ZAPS A-1746
pooblaséen inenir: ANDRAZ CEKET, univ.dipl.inZ.grad. 1ZS Pl G-2435
izdelal: ANDREJ BRICMAN, dipl.inz.geol. (UN)
investitor: Ministrstvo za vzgojo in izobrazevanje, Masarykova cesta 16, 1000 Ljubljana
vrsta projekta: Pzl
vrsta nadrta: 2.1 Nacrt zasCite gradbene jame
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