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2.4 Tehnic¢no porocilo

V sklopu ureditve obmocja grajske Bastije je predvidena sanacija in utrditev zidov
poruSenega Stolpa piskacev.
V tehni¢nem porocCilu so opisana predvidena dela in postopki vezani na sanacijo zidov, s

katero se bo zagotovila mehanska trdnost in odpornost objekta.

1. Kaskadni izkop zasutja; izkop se izvaja v globinskih segmentih e= 0,5 — 1,0.

Zagotoviti faznost kaskadnega izkopa od 0,5 m do 1 m (odvisno od stanja zidu), odkriti zid
se odisti, nato se izvede sistematiéno enostransko injektiranje. Se pred sistemati¢nim
injektiranjem se pozida in izravna zidove na viSino +65.35

Kamnite temelje in zidove Stolpa je treba injektirati s hidrofobno injekcijsko maso na
osnovi pucolanov, z izvedbo hidrofobne bariere na osnovi siloksanov. Hidrofobna bariera
prepreCi vlek vlage v zidove. Pri injektiranju zidov je treba najprej zidove enostransko
navrtati. Razmak med vrtinami mora znaS$ati priblizno 50 cm v obe smeri (okvirno 4 vrtine
na m? zidu), globoke pa morajo biti do dve tretjini debeline zidu. V vrtine se s hitro vezo&im
cementom vgradijo jekleni injekcijski nastavki (cevke). Izvrtine se pozicionirajo na spojnice
med kamni.

Zid je skozi injekcijske nastavke najprej treba namociti, glede na lokacijo zidu pri¢akujemo,
da bo zid dovolj namocen, lahko pa se vseeno izvede zamakanje z vodo, da prepre€imo
prehitro povezovanje injekcijske mase s kamni.

V primeru zidov Stolpa se injektiranje pri¢ne pri spodnjih vrtinah izkopanega globinskega
segmenta ter se nadaljuje proti zgornjim. Masa se v zidove tako naliva pod majhnim
pritiskom (zaradi lastne teZe masa dobro zaliva tudi niZje leZzeCe dele zidu). Injektiranje se
izvaja pod protiskom injkecijske mase 0,5 — do max 1,0 bara.

Ko je injektiranje na doloCenem globinskem segmentu zaklju€eno, se ponovno izvede
izkop ob zidu do globine -0,5 m do -1,0 m in se postopek CiS€enja in injektiranja ponovi.

Pri kaskadnem izkopu je treba biti pozoren na strukturo in stanje zidu, v primeru da je
stanje zidu slabo, se ne sme odkriti veC kot 0,5 m.

Po kon¢anem injektiranju se cevke odstranijo, rege med kamni pa se primerno prefugirajo.
V praksi je le redko kateri zid, ki je sprejel manj kot 50 kg suhe injekcijske mase na
kubi¢ni meter. Poraba se obiCajno giblje med 60 in 80 kg mase na kubiéni meter, v€asih pa

poraba preseze 100 kg mase na m?.



Injektirajo se vsi zidovi Stolpa piskacev, pri izkopih in injektiranju je treba biti pozoren na
zasute gotske portale in okna, ter ostale vgrajene elemente historicnega pomena.
Injektiranje se izvaja z injekcijsko maso MAPEI Antique ali maso s podobnimi tehni¢nimi

specifikacijami.

2. Ilzvedba armiranobetonske vezi na vrhu zidov, Izvedba vertikalnih sider v injektirane

zidove

Po =zakljucenem sistematiChem injektiranju zidov, se po vrhu zidu izvede
armiranobetonska vez dimenzije 50 cm / 40 cm, z izvedenim sredinskim utorom 20 cm /15
cm. Cez izvedeni utor se izvede vertikalno sidranje zidov s sidri DYWIDAG, premera 32
mm, dolzin L= 9,0 m; 8,0 m in 7,0 m, s sidrno dolzino ss= 5,0 m, na razmiku e= 3,5 m, N=
600 kN. V zid in kamnito podlago se uvrtajo izvrtine premera 90 — 120 mm, za zagotovitev
povezave z kamninsko osnovo in zagotovitev tesnosti in zmanjSanje premikov je
predvideno injektiranje z vezivom na cementni osnovi. Vgradnji in povezovanju s
cementno malto sledi napenjanje sidra do sile N = 600 kN, s imer se zagotovi optimalna
stabilnost zidovja. Na koncu se vgradi sidrna plos¢ica dimenzij 80 mm/ 20 mm, in matica
M32/ 20 mm. Za ploscico naj se uporabi nerjavece jeklo.

Zaradi dostopa mehanizacije, ki bo vgrajevala vertikalna sidra, je mozno izdelati zacasni
nasip na severni strani Stolpa Piskacev, ki se nato odstrani v sklopu kampadnega izkopa
na obmocju bodoc€e poti Kazematam. Pri izvedbi nasipa je treba zaradi pritiskov zemljine

severni zid podpreti z ustrezno podporno konstrukcijo.

3. Odpiranje kamnite zlozbe oziroma obloge kamnitih blokov na mestu zunanjega

gotskega portala

Sekundarna kamnita Ple¢nikova obloga je, grajena iz masivnih blokov. Predvideno je
odstranjevanje zemljine okoli sekundarne kamnite obloge, v tolikSni meri, da se lahko
izvedejo dela na portalu, saj zemljina Se vedno prevzema vlogo stabilizacije zidu. Po
konCanih delih, ki obsegajo prezidavo zgornjega dela zidu do kote +65.35 ter izrez

odprtine za prehod do gotskega portala, se izvede injektiranje zunanje kamnite obloge.

3.a Odpiranje kamnite obloge na obmocju zunanjega portala; odstranitev zazidane opeke

in kamnitih blokov s podpiranjem kamnitih blokov nad portalom.



Zaradi zahteve po prezentaciji gotskega portala, z zunanjimi dimenzij 3 m X 4 m je treba
odpreti povrSino sekundarne obloge v velikosti 4,2 m x 4,6 m oziroma do Sirine, ki
omogoca izvedbo podporne konstrukcije na ta nacin, da ta vizualno ne zastira pogleda na
obstojeci gotski portal.

Pred odstranitvijo kamnite obloge je treba pozicionirati to¢no lokacijo portala in dologiti
predvideno obmocje, ki se odpira. Pozicija se doloCi v €asu injektiranja zidov Stolpa na
notanji strani. Odstranjevanje kamnite obloge se izvede z odstranjevanjenjem kamnitih
blokov na obmocju novega preboja ali pa z odstranjevanjem kamnitih blokov, z izvedbo
delnega podpiranja. Po odstranitvi kamnite obloge je predvidena izvedba
armiranobetonskega okvirja z ab slopoma dimenzij 85/30 cm in armiranobetonsko
preklado dimenzij 85/ 50 cm, na katero se nalega kamnita obloga. AB konstrukcija se na
vidni strani prekrije s kamnom, z obdelavo - stanjSavo kamnitih blokov. Beton v Spaleti
izreza se obleCe v jekor. Stebri lezijo na to¢kovnih temeljih 120/120/50 cm. Betonski okvir
mora biti izveden tako da je zakrit s kamnito oblogo, zato je treba kamnite bloke na
zunanjem licu oblikovati tako, da prekrijejo betonske elemente. Predvidena je uporaba
armature BST 500 S in B 500 A, beton razred C 25/30.

Pod temelji je treba utrditi teren na Evd = 60 Kpa.

4. Sistematicno injektiranje zunanje kamnite obloge

Zaradi odstranitve vecjega dela hribine ob kamniti zlozbi je treba zagotoviti stabilnost zidu
katero zdaj prevzema hribina. To se izvede s sistematicnim injektiranjem zidu. Injektiranje
poteka od dna proti vrhu, izvajalec pa se drZzi standardnih navodil za izvedbo
sistematiCnega injektiranja, ki so opisani pod to¢ko 1. Opozoriti je treba, da bi bilo
priporocljivo izvesti injekturanje z injekcijsko maso na osnovi cementa, saj ni tako tekoca.
Prav tako bi bilo dobro injektiranti zid pod pritiskom 0,5 bara. To bi bilo primerno zato, je
za kamnito oblogo prisotno nasutje med zidovoma; poleg tega je treba paziti na odtekanje
injekcijske mase preko "praznega — zasutega - vmesnega obmocja” tudi na zgodovinske
arhitektune elemente, ki bodo prezentirani. Priporocljiva injekcijska masa je Stabilcem ali
kakSna druga masa s podobnimi karakteristikami. Pred priCetkom injektiranja naj se
spremlja odtekanje injekcijske mase v medprostor in na ta nacin predvidi nadaljnje

injektiranje



5. Obzidje bastije

Obzidje Bastije je masivna zidana konstrukcija v relativno dobrem stanju; sanacija
predvideva visokotlacno pranje, odstranitev vegetacije in CiSCenje obstojeCih ter ponovno
fugiranje zidu na zunaniji strani. Na notranji strani se izvede globinski izkop do predvidene
kote, nato se izvede Cis€enje povrsin zidov in fugiranje. Morebitni odpadli kamni se pred
fugiranjem ponovno vgradijo v zid.

Pri odpiranju pre¢nih opornih zidov je treba preveriti njihovo vpetost v obstojeci zid.

6. PreCna zidova pri plos¢adi (francoska)

Preko arheolo$kih zidov pri ploS¢adi je predvidena povezava med razgledno teraso pred
vinoteko in novo rekonstruirano potjo skozi Stolp piskacev.

Zunanji precni zid je v slabem razsutem stanju, zato ga je treba odstraniti in ponovno
pozidati. Notranji zid je kamnita zlozba vecjih kamnitih blokov, zanj e predvideno
sistematsko injektiranje, Se pred tem je treba zid ocistiti vegetacije, odstraniti fuge in ga
ponovno prefugirati. Pri izvajanju rezanja tega zidu (zaradi prehoda-podaljSka ceste in
stopnis¢a) se izvede podbetoniranje pod vogalom zidu v dolzini cca 200 cm ( glede na

izkopano obstojece stanje).

V Ljubljani dne, 28.04.2025. Sestavil:

Edvard Stok u.d.i.g.
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2.5 STATICNI IZRACUN
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Staticni izraCun prevrnitve

7.00 |

Vhodni podatki:
Visina zidu: h=8,5m
e Debelina zidu (Sirina osnove): b=1,8 m
e DolZina: L=10m
e TeZa zidu: W=y-V=22000-(1,8-8,5-10)=3 366 kN
e TeZiSCe zidu (pravokotni prerez): xc=b/ 2=0,9 m
Volumen zidu:
V=b-h-L=1,8-8,5-10= 153 m3
TeZa zidu
W=V -y=153-22000 N =3.366 kN
TeZiSCe zidu v srediScu preseka

x6=b/ 2=0,9 m
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Stabilizacijski moment (moment stabilnosti)

Ms =W -ds

pri Cemer je

W......teZa zidu

ds........vodoravna razdalja teZiSCa zidu do toCke vrtenja (sprednji rob)
ds=0,9m

Ms =3366000 - 0,9 = 3029400 Nm = 3029,4 kNm

Pogoj stabilnosti:

xg <b/3=1,8/3=0,6 m

Zid je stati¢no nestabilen proti prevrnitvi.
Prevrnitveni moment

Mprevrnitve >M stabilnosti

Mprevrnitve = 0

e Zid se prevrne, Ce je teZiSCe zunaj temelja — moment se spremeni iz stabilizacijskega v
prevrnitvenega

Mp=W-dp

pri Cemer je

dp...razdalja od teZiSCa do zadnjega roba temelja
dp=x -b =0,9-1,8 = -0,9 (negativen = stabilizira)
XG> b = dp >0 = prevrne se

Faktor varnosti proti prevrnitvi

FoS= Mp / Ms

FoS= razdalja od roba/ dejanska oddalenost teZiS¢a= b/2/b/3 = 0,9/ 0,6 0 1,5 m.
Dovoljen odmik od sredisca: +6/b = +0,3m
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SrediSce je pri b/2=0,9 m, torej srednja tretjina je od:
0,9+0,3=(0,6,1,2) m

Ker je naSe tezisce pri 0,9 m, se nahaja znotraj srednje tretjine.

FoS= razdalja od roba/ dejanska oddalenost tezZis¢a= b/2/b/3 = 0,9/ 0,6 = 1,5
To pomeni, da je na spodnji meji stabilnosti. Standardi (npr. Eurokod) zahtevajo FoS > 1,5-2,0.

Zid je na meji prevrnitve.

Predvidimo vgradnjo vertikalnih sider z nosilnostjo sidra N= 600 kN
Na 10 m dolZine zidu vgradimo 3 sidra na razdalji 3,5 m.

Pri zidu dolZine 10 m to znaSa skupna sidrna sila Fskupno = 1800 kIN.
Delovanje sider na srediScu zidu

d=b/2=0,9m

Izracun movega stabilizacijskega momenta

Moment zidu brez sider

Ms =3366000 - 0,9 = 3029400 Nm = 3029,4 kNm
Ms,nov = 3029400+1620000 = 4649400 Nm = 4649,40 kN

Primerjava sorazmernega povecanja FoS.

Prejsnji FoS (geometrijsko mejni) ~ 1,5
Povecanje momenta:

Ms,nov/ Ms = 1,5353
kar pomeni da je novi FoS =~ 1,5-1,535=2.30

Z vgraditvijo sider z napetostjo N= 600 kN, faktor varnosti proti prevrnitvi naraste za vec¢ kot 50 %.

Zid je zelo stabilen in varen pred prevrnitvijo.
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Preverba potresne sile:

Parameter Vrednost
Visina zidu nad
h1=6,5m
terenom

Celotna viSina zidu h=8,5m

Dolzina zidu L=10m

Nova Sirina temelja ~ b=2,0m

TezZa zidu W=3366 000N

Potresni pospeSek A=0,275-9,81 =2,698 m/s2
Stevilo sider 3

lgiIgfélllnost vsakega 600 000 N

Skupna sila sider Fsidra=1 800 000 N

TeZisSCe zidu

x¢=b/2=2,0/2=1,0m

Ms - brez sider

M teza = W - xc =3366000 - 1,0 = 3366000 Nm = 3366 kNm

M sidra (N=600 kN)

Msidra = Fsidra - xc =1800000 - 1,0 = 1800000 Nm = 1800 kNm

Ms skupni = M teZa + M sidra = 3366000 + 1800000 = 5166000Nm = 5166 kNm
Prevrnitveni moment zaradi potresa Mp:

Masa zidu

m = 3366000/ 9,81 = 343000 kg

Potresna sila

Fe=m - a=343000 - 2,698 = 925000 N= 925 kN

Deluje na pribliZzno %4 viSine nad terenom (lahko tudi malo ve¢, odvisno od dinamicne lastnosti, a
za konservativno oceno vzamemo 2/3 viSine).
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Z=2/3 - h,=2/3-6,5=433m

Prevrnitveni moment zaradi potresa

Mp=Fe -z= 925000-4.33 ~ 4003000 Nm = 4003 kNm

Faktor varnosti proti prevrnitvi

Ms/ Mp = 1,3 - Zid je z vgraditvijo sider z napetostjo N= 600 kN stabilen pred prevrnitvijo v
primeru potresa
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Item: LG_ STOLP PISKACEV_NOSILEC 85_50 PODPORA KAMNITE OBLOGE NAD PREBOJEM

Continuous Beam DLT10 02/2022 (Frilo R-2022-2-x86)

Scale 1:25
0 0 00 00 0 0 0 0 A Y Y A A A A A RO R R R R
C25/30 b/h=85/50
i 3.60 !
20 | 3.467 | 20
’ 3.867 ’

Reinforced concrete girder C25/30 E = 31000 N/mm2 DIN EN 1992-1-1/NA/A1:2015-12

System length cross-section values

Span | (m) bt ht b0 hO bb hb
1 3.60 constant 85.0 50.0

Load type :  1=uniform over L 2=concentrated at a
(kN,m) 3=single moment at a 4=trapezoidal btw. a, a+b

S5=triangular over L 6=trapezoidal over L

Span Type AG G rgl/r g_l/r factor distanc e lengt h fromltem Phi
1 1 A 5.00 65.00 1.50 0

Dead load of girder is considered with Gamma = 25.0 kN/m3.

Actions:

No. Cl Name U]o] V1 w2 Y

A 1 CatA-domestic 0.70 050 030 1.50

Consequency class CC 2 acc. EN 1990 Tab. B1 -> K= 1.0 Tab. B3
In following tables the last cell the row is a reference to

the number of the related superposition ( see below).

In tables with internal forces multiplied by Gamma is additionally
a reference to the main action.

Results for 1-times loads

Span moments maximum (kNm, kN)
Span Mf M le M ri Ve Vri comb
1 x0 = 1.80 187.31 0.00 0.00 208.13 -208.13 2

x = 0.00 0.00 tensile stress V = 32.63 1
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Span moments Minimum (kNm, kN )
Span Mf M le M ri Ve V ri comb
1 x0 = 1.80 29.36 0.00 0.00 32.63 -32.63 1
x = 0.00 0.00 tensile stress V 32.63 1
Support moments maximum (kNm, kN )
Column M le M ri Ve Vri max F min F comb
1 0.00 0.00 0.00 208.12 208.13 32.63 2
2 0.00 0.00 -208.12 0.00 208.13 32.63 2
Support moments Minimum (kNm, kN )
Column M le M ri Ve V ri F comb
1 0.00 0.00 0.00 32.62 32.63 1
2 0.00 0.00 -32.62 0.00 32.63 1
Support moments total load (kNm, kN)
Column M le M ri Ve Vri F comb
1 0.00 0.00 0.00 208.13 208.13
2 0.00 0.00 -208.13 0.00 208.13
Support moments dead load (kNm, kN )
Column M le M ri Ve Vri F comb
1 0.00 0.00 0.00 32.63 32.63 1
2 0.00 0.00 -32.63 0.00 32.63 1
Moment boundary diagram
x/L=.0 1 2 3 4 .5 7 .9 1.0
Span
1 000 106 188 247 282 294 282 247 188 10.6 0.00
1 000 674 120 157 180 187 180 157 120 67.4 0.00
Support reactions (kN)
Column by g max q min q Fulload max min
1 32.63 175.50 0.00 208.13 208.13 32.63
2 32.63 175.50 0.00 208.13 208.13 32.63
Total: 65.25 351.00 0.00 416.25 416.25 65.25
Support reactions (kN)
Column 1 Column 2
CA max min max min
g 32.6 32.6 32.6 32.6
A 175.5 0.0 175.5 0.0
tot 208.1 32.6 208.1 32.6
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Deflections calculated according to uncracked concrete!

Deflections maximum minimum
Span No. X (m) f (cm) comb X (m) f(cm) comb
1 1.80 0.09 2 3.60 0.00 0
0.00 0.00 2 0.00 0.00 0

Results fory-times loads
Partial safety factoryG * Kg = 1.35 constant over whole girder length

Span moments maximum (kNm, kN)
Span Mfd Mdle Mdri Ve V ri comb
1 x0 = 1.80 276.56 0.00 0.00 307.29  -307.29 A 2
x = 0.00 0.00 tensile stress V = 44.04 1
Span moments Minimum (kNm, kN )
Span Mfd Mdle Mdri Ve Vri comb
1 x0 = 1.80 29.36 0.00 0.00 32.63 -32.63 1
x = 0.00 0.00 tensile stress V = 44.04 1
Support moments maximum (kNm, kN )
Support Mdle Mdri Vdle Vdri max F min F  comb
1 0.00 0.00 0.00 307.29 307.29 32.63 A 2
2 0.00 0.00 -307.29 0.00 307.29 32.63 A 2
Support moments Minimum (kNm, kN)
Support Mdle Mdri Vvdle Vdri F comb
1 0.00 0.00 0.00 32.62 32.63 1
2 0.00 0.00 -32.62 0.00 32.63 1
Moment boundary diagram
x/L=.0 1 2 3 4 .5 .6 i .8 £ 1.0

Span
1 000 106 188 247 282 294 282 247 188 10.6 0.00
1 0.00 99.6 177 232 266 277 266 232 177 99.6 0.00

Internal forces at x

span 1 x0 = 0.00 mmaxMyd = 0.00 kNm tensile stress Vz = 44 (
min Myd = 0.00 kNm corresp.Vz = 44.04 kN
max Vzd = 307.29 kN corresp. My = 0.00
min Vzd = 32.63 kN corresp. My = 0.00
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Scale 1:50

Myd [kNm]

Design DIN EN 1992-1-1/NA/A1:2015-12
FLBemBn.DLL: Version 9.0.1.142
C25/30 B500B highly ductil

Concrete cover: cv = 3.0 cm >= req.cv
Reinforcement location: dt = 45 cm dB=8 dS= 14
Db= 44 cm dB=8 dS= 16

Span reinforcement is not curtailed.
The ductility reinforcement by 9.2.1.1 is contained in the required reinforcement.

Creep factor ¢ =2.90ecs =0.40 %0 h0=22.50cm

All supports identical:Brickwork b =20.0 cm

Minimum reinforcement EN2 9.2.1.1 (9.1) fctm = 2.56 N/mm?2

Q.No. min Mb req As min Mo req As
(kNm) (cm2) (kNm) (cm2)
1 90.84 4.43 -90.84 4.44 85.0/50.0

Span reinforcement

Span X Myd min Myd d kx Asb  Ast
No. (m) (kNm) (kNm) (cm) (cm2) comb
1 1.80 276.6 45.6 0.15 14.3 0.0 A2

On first support are at least 10.2 cm2 to be anchored.
On last support are at least 10.2 cm?2 to be anchored.
Shear force VK-support is with F = V,Ed * Cot(Theta) / 2 considered.
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shear force reinforcement B500B DIN EN 1992-1-1/NA/A1:2015-12 6.2

column dist kz VEd (€] VRd,c VRd,maxa_max asw
No. (m) (kN) () (kN) (kN) (cm) (cm2/m) comb
1 ri 0.52 0.85 218.1 18.4 1454 1051.2 30.0 7.0~ A2
1 * 0.98 0.85 140.2 18.4 145.4 1051.2 30.0 7.0~ A2
2 le 052 085 -218.1 18.4 145.4 1051.2 30.0 7.0~ A2
2 X 0.98 0.85 -140.2 18.4 145.4 1051.2 30.0 7.0~ A2

~ at the end of line: Minimum stirrup reinforcement

max distance of stirrups will with @ >= 40° investigated (paper DAfStb 525).

Calculation with modified eff. Stiffness (Zeta-method)

Tensile strength and fracture moment with fctm = 2.6 N/mm?2
Serviceability - Deflection (cm) ¢ = 2.90ecs = 0.40 %0
quasi-permanent combination

Span X fEI fEld fElmep fEll,g fEII fEllp  fElimep f
1 1.80 0.04 0.11 0.14 0.01 0.04 0.12 0.15 0.15

Exist. longitudinal bars

Sect. req_As,el As,pl exist_As
1 14.27 16.08 8®d16
Column
1 0.00 6.16 4014
2 0.00 6.16 4014

Exist.shear reinforcement

Span reqAsSti exist.AsSti d e s
1 left 7.0 7.2 8 28.0 4
mid 7.2 8 280 4
right 7.0 7.2 8 28.0 4
Scale 1:50

Scale 1:50
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At the following table the loads are specified by their internal numeration.
The following table of calculated combinations referenced.
to these numbers

Load type :  1l=uniform over L 2=concentrated at a
(kN,m) 3=single moment at a 4=trapezoidal btw. a, a+b
S5=triangular over L 6=trapezoidal over L
No. span Type Grp gl ql g2 g2 factor distance length
1 1 1 A1l 5.00 65.00 1.50

Calculated combinations from 1 Loads

Ic K1 K2
g g
1 . X

The combinations above will be managed as followed :

Calculating ULS the dead loads will be exceeded

all at once alternating by GammaG = 1,00/1,35.

If in one combination live-loads from different actions

exists , then will be investigated, which action is

the dominating one.

The effect of the duration of action will be checked too.
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Calculated combinations from 1 Loads

Ic K1 K2
Scale 1:25
| aq |
i 1 |
| [2]4714 £ = 3.74
L | |
1 | 1
| ; 332 L |
! [8]2#1378/27.7 i
| |
| C25/30 b/H+85/5 |
| |
: |
‘ 1
| |
, 3.60 ]
) 1
20 | 3.467 | 2o
- 3.867 il
S [fls16 L = 3.98 B
+ 374 1
Section A - A
T h1j8
L] L] L] o
o <
[Te) <t
L] L] L] L] L] L] L] L]

- 53

| 85 |




Euflager 1 Durchlauftriager Pos NOSILEC 50_50 PODPORZ VRATOM

SIMPLY SUPPORTED COLUMM, Rectangle, Z2-axial strained

Calculation kase: DIN EM 15%2-1-1/MASR]1:2015-12

Material: C 25730 B5O0B Creep coef. = 2.58
E = 31000 N/mm2
p = 2500 kg/m3
Beinf. is distributed along perimeter.
System = h=4.20m by = 30.0 cm d= = 100.0 cm
Bl = 4.0 cm B2 = 4.0 cm
1 Mery = 128 .25 kENm Merz = 38.47 kNm
Begquirements durakility:
attack on concrete 0
attack on reinforc. HC1
min. concrete class C 1&/20
stirrup p,1 = 2 mm
long. reinforcement ¢ ,m = 14 mm
allowance in design Acg. = 10 mm
stirrup Ceim, I = 10 mm
concrete coverage Corscan, I = 20 mm
longitudinal bars Crin,m = 14 mm *5
concrete coverage Coren,m = 28 mm *1
laying dist. link c, = 20 mm
all. crack width Winex = 0.40 mm
*l:with cmin, 1l
*5: bond decisiwve
Modulus of creep and degree of shrinkage (user—-defined)
modulus of creep o ilta, ) = 2.58
shrinkage strain E . (L) = —-0.45 %
WODES - LOADS -
LeNo . Elo. v ey ez by bz My Mz act con alt
{kIT) cm) {cm) (X1 (a0 p] { kMm) { kNm)
1 2 13.50 1.0 g
175.50 1.0 ) 1 o0p
2 2 22 .50 1.0 . g
31.50 { dead load )
Load no. 1 From: NOSILEC 50_50 PODPOR

Load no. 2 From: NOSILEC 50 50 PODEOR



BUCELING LENGETH, slenderness, not wanted - and creep — eccentr.
Le—  bar sky skz Ly L= +-eiy +-ei= Qpeff
Comb No. {m) {m} {cm) {om)

1 1 420 4.20 2a.1 14.5 ] ] ]
ilim: EN 1%52-1-1 123.2 1z23.2
Safety against buckling is not necessary A< hin
INTERMAL FORCES and design for bending with N: without ea, Th.1.0.
Lo— height Nd Myd M=d P reqg As exist.As
Comb  (m) (kM) { ENm) { kMm) %) {cm2 ) {cm2)

1 4200 -382.7 -0a -3.12 0.02¢ 1.32%

1 3.500 -382.7 -0a -2.60 0.02¢ 1.32%

1 2.800 -382.7 -0a -2.08 0.02¢ 1.32%

1 2.100 -382.7 ] -1.5¢ 0.02¢ 1.32%

1 1.400 -382.7 -0a -1.04 0.02¢ 1.32%

1 ] -382.7 -0a -.52 0.02¢ 1.32%

1 -000 -382.7 -0a 00 0.02¢ 1.32%

¥ Hinimum reinforcement acc. to 5.5.2

i2)

Serviceability: Deflections guasi-permanent combination (cm)
Combination: Max Th.1.0. Th.2.0.
L— height fEIi fEIig fEIeff fEIeffQ
Comb  (m) £y = £y = fy f= £y f=
1 4.20 -0aa -0aao -0aa -0aa -00a -00a -00a -0a0a0
1 32.50 -ooo -0oo0 -—-.001 S [uu] -0oa 000 -.001 .00o
1 Z.g0 ] -0oo0 —.001 S [uu] -00o 000 -.001 .000
1 z.la ] 000 —.001 .0aa .00oa L0002 -.001 .00
1 1.40 -0aa 000 —-.001 -0aa -00a 000 —-.001 -0a0a0
1 .70 -ooo -0aa S [uly] S [uu] -0oa -0oa -00o .00o
1 ] ] -0aa S [uy] S [uu] -00o -00o -00o .000
Serviceability: deflection rare combination
Combination: Max State II Th.2.0. without @
Lo— height " My M= £y f=
Comb (m) (4B { kHm) {kHm) {cm)
1 4200 -2€4.0 -0a -2.11 ] ]
1 3.500 -Z€4.0 ] -1.7¢ ] .00
1 2.800 -2€4.0 -0a -1.41 ] ]
1 2.100 -2€4.0 -0a -1.0& ] .00
1 1.400 -2€4.0 -0a -.71 ] .00
1 -700 -Z€4.0 ] -.35 ] .00
1 -00a -2€4.0 -0a ] ] ]



Botions:
Ho. Cl Name wia Wl w2 T

2 1 Cat B - domestic .70 0.50 0.320 1.50

Further design fundamentals:

Bccuracy Gkn = 0.00e+0

Number of sub-element per member section: &
Stress-strain-curve of concr. for deform. analy. EN 1%%2-1-1 3.1.5
Calc. of compr. force in concr.without deduction of reinf.

Ifn » -0.10 : eff ETI acc.toENZ 7.4.2 (7.1%)

Creep effects are considered by modified stress—-strain-

CUEWE .

geff = @0 * MO/Med (MO By permanent combination with ei)

The eff. stiffness was by factor 0.14 Beduced.

consegquency class acc. EN 15%5%0 tab b.1CC2 —->= EFi = 1.0 (Tak B.3)

FLEemBn .DLL: wersionS.0.1.142

BUCELING LEMETH, slenderness, not wanted — and creep - eccentr.

Le—  bar sky skz Ly L= +-eiy +-ei= Qpeff
Comb HNo. {m) {m) {cm) {om)
1 1 4_20 4_20 43 .4 14.5 -aa -aa -aa
Alim: EN 15%2-1-1 1a%.3 10%.3
Safety against buckling is not necessary S R AT
INTERNAL FORCES and design for bending with N: without ea, Th.1.0.
Le- height Nd Myd M=d P reqg BAs exist.As
Combk (m) (kM) { kMm) { kMm) %) {cm2) {cm2)
1 4_200 -354 .4 -aa -3.12 0.041 1.22% 12._.32
1 3.500 -354 .4 -aa -2.c50 0.041 l1.22%* 2.32
1 2.8300 -354.4 -aa -2.08 0.041 l1.22%* 12.32
1 2.1a00 -354 .4 -aa -1.5¢ 0.041 1.22% 12_32
1 1.400 -354 .4 -aa -1.04 0.041 1.2 12._.32
1 .7aa -354 .4 -aa -.52 0.041 1 2.32
1 -aaa -354.4 -aa .00 o0.041 l1.22%* 12.32

* Minimum reinforcement acc. to 5.5.2 (2)



INTEBMAL FORCES and design for shear: without ea, Th.1.0.
Le— height Nd Ved, v Vrd, c Vrd, max a asSWY
Comb (m) (X)) (1) (XIT) (k) (Erad) {cm2 /m)
1 4200 -354 .4 0.7 125.2 T725.2 13.4 o.ad
1 3.500 -354 .4 0.7 125.2 725.2 15.4 0.0
1 Z.800 —-354 .4 .7 l125.2 725.2 12.4 0.0
1 Z2.100 —-354 .4 0.7 125.2 725.2 1a.4 o.ad
1 1.400 -354 .4 0.7 125.2 T725.2 13.4 o.ad
1 .70a -354 .4 0.7 125.2 725.2 15.4 0.0
1 .0o0a —-354 .4 .7 l125.2 725.2 12.4 0.0
Minimim shear reinforcement for beam is not considered
INTERMAL FORCES and design for shear: without ea, Th.1.0.
Le— height Nd Ved, = Ved, c Vrd, max a asSWEZ
Comk (m) (kM) (k) (I (k) ({Grad) {cms /m)
1 4200 —-354 .4 0.0
1 3.500 -354 .4 0.0
1 2.800 -354.4 0.0
1 2.100a —-354 .4 0.a
1 1.400 -354 .4 0.0
1 .700a -354 .4 0.0
1 il -354.4 0.0
Minimim shear reinforcement for beam is not considered
Model column method:
Design for separate directions is not permitted.
Serviceability: Deflections guasi-permanent combination (cm)
Combination: Max Th.l.0. Th.2.0.
Le- height fETi £fETig fEIeff fEIeffQ
Comb (m) £y = fy = fy f= fy f=
1l 4.20 i} La00 ujuinl ujuinl pujuiul pujuiul il i}
1 3.50 -.001 .a0a —-.003 .00a 001 .00g -.003 .0aa
1 2.80 —-.001 .oog —-.004 .00a .00l .0og -.005 .0oa
1 2Z.10 -.001 .oog —-.004 .00a .00l .0og —-.005 .0oa
1l 1.40 —-.001 LooQ =, 003 ujuinl .00l LooQ —-.004 i}
1 .70 —.001 .00 —-.002 .00a 001 .00g -.002 .0aa
1 .o -0aa .aoa .0oa .00a .0oa .0oa .0o0a .0oa



Model column method:
Design for separate directions is not permitted.

Serviceability: Deflections guasi-permanent combination (cm)
Combination: Max Th.1.0. Th.Z.
Lo- height fETi fEIiqQ fEIeff fEIeffg
Comb  (m) £y f= £y = fy f= £y f=
1 4_.Z0 -0oa -0aa .00a .00a .00a .00a .0oa .0o0a
1 3.50 =-.001 .0og -.003 .00a .00l .00a .003 .0oa
1 2.80 —-.001 .0oo -.004 .0oa .00l .00a .00s -0oa
1 z.10 —-.001 .00a  -.004 .0oa .001 .0oa .00s5 .0o0a
1 1.40 —-.001 .gog -.003 .00a .00l .00a 004 .0o0a
1 70 =001 .gog -.002 .00a .00l .00a .00z .0oa
1 .aa -0oa -0aa .oaa .0oa .00a .00a .00a -0oa
Serviceability: deflection rare combination
Combination: Max State II Th.2.0. without @
Lo— height " My M= fy f=
Comb  (m) (I { kMm) { kNm) {cm)
1 4.200 -243.0 .00 -2.12 ] ]
1 3.500 -243.0 -0a -1.77 .aa .aad
1 2.800 -243.0 -0a -1.42 .o .aa
1 2.100 -243.0 -0a =1.0a7 .aa .aad
1 1.400 -243.0 .00 -.71 ] ]
1 .70a -243.0 -0a -.3€ .aa .aad
1 .0oa -243.0 -0a .aa .o .aa
Serviceability: deflection rare combination
Combination: Max State II Th.2.0. with @
Lc— height " My M= £y f=
Comk (m) (k1) { kNm) { kMm) {cm)
1 4.200 -243.0 -0a -2.11 .o .aa
1 3.500 -243.0 -0a =-1.78 .01 .aad
1 2.800 -243.0 .00 -1l.44 L0l ]
1 2.100 -243.0 -0a -1.0% .01 .aad
1 1.400 -243.0 -0a -.73 .01 .aa
1 .70a -243.0 -0a -.37 .01 .aad
1 pujuiul -243.0 .00 L ] ]



Usability: deformations fregqg combination
Combination: Max State II Th.2.0. without @

Le- height " My M= £y f=
Comb (m) (k) {kHm) {kNm;) fem)
1 4200 -155.2 .aa -1.24 .0 .aa
1 3.500 -155.2 -aa =-1.03 .0a .0
1 2.800 -155.3 .aa -.83 .aa .aa
1 2.100 -155.3 .aa -.E2 .aad .aa
1 1.400 -155.3 .aa —-.41 .0 .aa
1 700 -155.3 -aa —-.21 .0a .0
1 .0oa -155.3 .aa .aa .aa .aa
Usability: deformations freqg combination
Combination: Max State II Th.2.0. with ¢
Le- height " My M= fy =
Comb (m) (X1 | ENm) { kKIm) {cm)
1 4.200 -155.2 .aa -1.24 .aa .aa
1 3.500 -155.2 .aa -1.04 .aad .aa
1 2.800 -155.3 .aa -.584 -.01 .aa
1 2.100 -155.3 L -.63 -.01 .
1 1.400 -155.3 .aa —-.42 -.01 .aa
1 700 -155.3 .aa -.21 .aa .aa
1 .00a -155.3 .aa .o .aad .aa
Usakility: stress at perm combination
DIN EN 1552-1-1/HA/R1:2015-12 7.2 (3) Rdm.0C = 0.45 * fck = 11 H/mm2
Combination: Max State II Th.2.0. without @
Le- height " My M= £l £S5 ol a5 mn
Comb (m) (I { kNm) { kMm) {ofoo) (H/mmZ )
1 4.200 -120.1 | -.5 -.01 -.01 -.4 -2 04
1 3.500 -120.1 | -.7 -.01 -.01 -.4 -2 04
1 Z2.800 -120.2 n] -.€ -.01 -.01 -.4 -2 04
1 2.100 -120.2 .0 -.4 -.01 -.01 -.4 -2 04
1 1.400 -120.2 | -.3 -.01 -.01 -.4 -2 04
1 700 -120.2 | -.1 -.01 -.01 -.4 -2 04
1 000 -120.2 n] n] -.01 -.01 -.4 -2 04



Combination: Max State II Th.2.0. with @

Le- height " My M= El ES ol a5 mn

Comlk (m) (kM) { kMm) { kMm) lofoo) (HM/mm2 )
1 4_.200 -120.1 ] -.5 -.05 -—.04 -.4 -3 .04
1 3.500 -120.1 ] -.7 -.05 -—-.04 -.4 -2 .04
1 2.800 -120.2 a -.E -.05 -.04 -.4 -2 .04
1 2.100 -120.2 ] -.4 -.05 -—.04 -.4 -2 .03
1 1.400 -120.2 ] -.3 -.04 -—.04 -.4 -3 .03
1 700 -1z20.2 ] -.2 -.04 -—_.04 -.4 -2 .03
1 .00 -120.2 a a -.04 -_04 -.4 -2 .03

Serviceakility: stresses rare combination

DIN EN 155%2-1-1/HMR/R1:2015-12 7.2 (2) Rdm.OC = 0.€ * fok = 15 N/mm2

DIN EN 1552-1-1/HA/R1:2015-12 7.2 (5) Rdm.G5 = 0.8 * fyk = 400 N/mm2

Combination: Max State II Th.2.0. without @

Le- height i My M= El ES ol a5 n

Comlx (m) (kM) { kMm) { kMm) {ofoo) (H/mm2 )
1 4200 -243.0 ] -2.1 -.03 -—.02 -.58 - .0E
1 3.500 -243.0 .0 -1.8 -.03 -—-.02 -.59 -5 S0E
1 2.800 -243.0 .0 -1.4 -.03 -—-.02 -.5 -5 .0g
1 2.100 -243.0 .a -1.1 -.03 -—-.02 -.5 -5 ag
1 1.400 -243.0 ] -.7 -.03 -—.02 -.8 -5 .0E
1 700 -243.0 .0 -.4 -.03 -—-.02 -.8 -5 .05
1 .00a -243.0 .0 .0 -.03 -—-.02 -.8 -5 .05

Combination: Max State II Th.2.0. with @

Leo- height " My M= El ES o a5 n

Combk {(m) [acp] { kHm) { kHm) lofoo) (M mm2 )
1 4200 -243.0 .0 -2.1 -.1a -.07 -.59 -15 ag
1 3.500 -243.0 .0 -1.8 -.1a -.08 -.8 -15 og
1 2.800 -243.0 .a -1.4 -.1a -.08 -.8 -1& ag
1 2.100 -243.0 ] -1.1 -.0% -—.08 -.8 -1l& as
1 1.400 -243.0 .0 -.7 -.05% -—_08 -.8 -1l& as
1 700 -243.0 .0 -.4 -.05% -—.08 -.8 -17 .05
1 000 -243.0 .a .a -.0% -—-.08 -.8 -17 .05
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Item: (New item)
Isolated Foundation (x64) FO+ 02/20228 (FRILO R-2022-2)
System
Plan view
+M:,-
Hy
=9
ol
—rHx +Mx
=1
=
| 045 [030] 045 |
| 050 | | 1.20
Isometric
EI
=
Foundation acc. to DIN EN 1992-1-1/MNAfA1:2015-12 and DIN EN 1997-1/NA:2010-12
Member
Member Concrete Steel Width (=) Width (y) Height (z)
m m m
Foundation C 25/30 BSOOA 1.20 120 0.50
Column C 25/30 BSOOA 0.30 1.00 0.00

Embedment depth of the foundation in the sub=oil 0.50 m. Without groundwater Design value of the bearing pressure

resistance ond =350.00 kM /m2.

Characteristic values
Durabil ity
Requirements durability:

top bottom
attack on concrete WF X0
attack on reinforc. MC2 KC2
min. concrete class C16/20 C16/20
long. reinforcement dm = 14 mm &m = 14 mm
allowance in design Acdey = 15 mm  Acder = 15 mm
reduced cmin ==C 16,20 ==C 16,20
longitudinal bars Cmingn = 15 MM Grinem = 15 mm
concrete coverage Crom,m = 30 mm  Cnemm = 30 mm
laying dist. link cl = 30 mm cl = 30 mm
all. crack width Wmae = 030 mm  Wpa = 0.30 mm
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Loads
Actions [Act)
Act |Name o (1T} Yz |simultaneocus load cases
A |Cat. A: domestic, residental areas 070 | 050 | 030 (2
g |Permanent loads 1.00 1.00 100 |1
Column loads - characteristic
Mo. Act  |Description N M My Ha Hy 5IM ALT
kM kM m kNm kM kM
1 g Load case 1 354.0 0.00 0.00 o 0.0 o o
2 A Load case 2 0.0 000 0.00 0.0 00 1] o

Self-weight is taken into account in the proofs. Density Concrete - y = 25.00 kN/m3. Total Foundation without socket resp.

column 0.720 m3 / 18.00 kN. Torsion from horizontal loads is not considered.

Load Case Graphics

Load case 1 - Permanent loads

354.0

Load case 2 - Cat. A: domestic, residental areas
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Superposition
No. D5 Superposiion
1 P O%resp. 1.1x(1)
2 P 0.95 resp. 1.05 = (1)
3 ] 1.0x (1)
4 P 135x%(1)+ L5x(2)
5 P 10x (1)
& ] 1.35x(1)
0%: design situstion P- Permanent
The load case numbers are listed in parentheses.
Results
Preview Checks
Check Superposition n
Gaping joint only permanent loads 3 000
Gaping joint permanent and variable loads 3 0.00
Stahility 1 0.00
Simplified method 4 1.00
Punching ved v« & 011
Punching ved/vad.max & oos
P review Reinforcement
Type Superposition min2
Bending As.y 4 620
Bending Asyu 4 648
Connection Reinforcement Asca B 165
Stahility to DIN 1054:2021 Superposition
No. at M £, st MEd 51 n
m kM m kM m
1 X = 0.60 d 00 200.88 0.00
1 x = -0.60 0.00 20088 0.00
1 ¥ = .60 0.00 200 88 0.00
1 Y = -0.60 0.00 200.88 Q.00

Stahility: Stabilizing and destabilizing moments around cuteredges

The particial safety factors of the superpositions are constant in loadcases.
The vertical component of earth pressure by anchoring depth is not considered.

Uplift check
U plifting check not required.

Gaping joint
Graphics only permanent loads

258.33 258.33

4

256,331 a9 258,33

1,20
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Simplified method

Superposition

34875 kN/m?

Design value of the bearing pressure resistance opga = 350 00 kN/m:

ord = 350,00 kM /m?. The design value of bearing pressure resistance has been specified directhy.

Simplified method Superposition

Mo, M d a b' o4 [u [ n
kM m m kM/m2 kM/m2
4 502.2 120 1.20 34875 350.00 1.00

The bearing pressure is influenced by partial safety factors.

safety against sliding to DIN 1054:2021 Superposition

Check not done.

Ground failure

Check not done.

Settlement

Check not done.

Bending

Design Superpositions

Sup. My £d ¥, M o £a Mo £ Pis Ay A v A yn
kNm kN m kNm kN m mm2 mm2 mma2 mm 2
4 53.76 1195 000 .00 620% 648% o )
*: Minimal reinforcement by DIN EN 1992-1-1/NA/AL: 2015129211 (1)

Layer of reinforce ment Reintorcement in x-direction d1,x = 40 mm. Layer of reinforcement Reinforcement in y-direction di,y
= 60 mm. Rounded bending moment from the axis of the column. 20% transverse reinforcement was taken into account.

Minimum reinforcement to ensure shear tapacity accto DIN EN 1992-1-1/MNA, NCl zu 6.4.5

Min. moments Mymin = fx ¥ vid ¥ bDafiy = Q125* 3783 %120 = 5675 kNm
Min. reinforcement  Asxmin = = = 274 mm?
Min. moments Mumin = My ¥ vid ¥ betix = 0125* 3783 *0.62 = 2908 kNm
Min. reinforcement  Asymin = = = 147 mm?
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Superposition Bending design in x-direction
4775

Superposition Bending design in y-direction

Reinforcement in x-direction bottom [m,mm2]

348.75 kN/m?

477.9

kMyfm®

348.75 kN/m?

from -600 -300 300
to -300 300 800
Width 300 600 300
req. As 154 308 154
req.as/m 513 513 513
Concrete cover bottom: 30 mm Concrete cover on the side: 0 mm Concrete cover above: 0 mm

The peak values nf the distribution according to Bulletin 240 of the German Committee for Reinforced Concrete will be

covered. Therefore the here required reinforcement may be higher than the required reinforcement.

Reinforcement in y-direction bottom {m, mmz2)}

from -600 -300 300
to -300 300 &00
Width 300 600 300
req. As 162 324 162
req.as/m 540 540 540
Concrete cover bottom: 30 mm Concrete cover on the side: 0 mm Concrete cover above: 0 mm

The peak values of the distribution according to Bulletin 240 of the German Committee for Reinforced Concrete will be
covered. Therefore, the here required reinforcement may be higher than the required reinforcement.

Bending design without reinforcement

Bending reinforcement is required in the lower layer of steal.



Soil Mechanics

Bearing Pressure

Soil properties D | simplified check
Ground Failure Check direct speciication -

Bearing resistance  oR.d | kNAm] 350.00 477.9
Friction angle o [ 30.00

First soil layer o

Density v | kN 18.50

Density by buoyaney v [kN/m?] 11.00

Friction angle o [ 300

Cohesion ¢ | Nim?] 0.00

Soil layers

Terrain [ ]

Anchoring Depth [m] 0.50

Ground water [ ]

Ground water existing O]

348.73 kN/m*




Load case 1 Permanent loads

Automatic EU.;[_ETJGJi-ti-,Gﬁ with dead weight .
DIN EN 18921275 " =540
Concrete C 23/30 - Steel B300A
Punching: Column type automatically / no punching reinfarcement
Durability with XC2/50

Soil engineering: Simplified method

Bearing Resistance 350.00 kN/m® existing 348,75 kMN/m*

10.50

0.50
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Objekt: Ljubljanski grad, sanacija Stolpa piskacev in obrambnega zidu Bastije

OCENA INVESTICIJE; injektiranje,
fugiranje, armiranobetonski elementi,
vertikalna sidra

Datum: april 2025

|0pis

kolicina

V tej oceni NI upostevano:

- izdelava dodatnega nasipa, zaradi izvedbe
vertikalnih sider na severni strani zidov Stolpa
Piskacev

- kampadni izkop na obmocju stolpa in na dvori§¢u
obzidja (obmocje poti)

- odstranitev brezine na strani novega preboja
-izdelava in podpiranje preboja ¢ez kamnito
oblogo, pred vgradnjo ab okvirja

- odstranitev in ponovna pozidava kamnitega zidu
stolpa in zunanje obloge do kote + 65,35

- odstranitev zunanjega zidu pri plos¢adi in
pozidava in Zaganje notranjega zidu

- jekor obloga okoli armiranobetonskega okvirja

-razni ostali posegi,ki bi jih bilo potrebno izvesti
zaradi izvedbe sanacije, pa niso spodaj navedeni

- izdelava dodatnega nasipa, zaradi izvedbe
vertikalnih sider na severni strani zidov Stolpa
Piskacev

- podpiranje zidu na notraniji strani stolpa zaradi
postavitve nasipa med izvedbo vertikalnih sider

- postavitve odrov, organizacije gradbi$¢a, odvoz
in dovoz materiala, postavljanje opaza in armiranje

Sistematsko injektiranje zidov Stolpa piskacev in
zunanje kamnite obloge cca 460 m3

Prefugiranje zidov obzidja in notranjega zidu cca
900 m2

Vertikalna sidra Dywidag fi 32 mm dolzina cca 117

m

Beton za ab vez, nosilec, stebra, temelje ter
podbetoniranje notranjega zidu cca 23,00 m3

Ocena vgrajene armature ( za ab vez, nosilec,
stebre in temelje) cca 1.330,00 kg

ralkanitiilariia

460 m?®

900 m?

M"M7m

23 m?

1.330,00 kg

1nd
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8.

Razna dela 10% 0,00
SKUPAJ brez DDV: 0,00
+DDV 9,5% 0,00
Skupaj z DDV 0,00

ralkanitiilacriia 2nd
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- kampadni izkop na obmocdju stolpa in na dvoris¢u
obzidja (obmocgje poti)

ralkanitiilariia 2And R
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