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Izvestaj o geotehnickim istrazivanjima za potrebe realizacije projekta izgradnje
novog postrojenja za proizvodnju kre€a sa pratec¢im objektima i opremom
u industrijskom kompleksu Ogranka RBB Bor
SERBIA ZIJIN BOR COPPER DOO BOR

1. UVOD

Za potrebe realizacije projekta izgradnje novog postrojenja za proizvodnju kreCa sa
prate¢im objektima i opremom u industrijskom kompleksu Ogranka RBB u Boru,
izvedena su geotehniCka istraZzivanja terena. lzvestaj o rezultatima geotehnickih
istrazivanja izradio je Univerzitet u Beogradu, Rudarsko — geoloski fakultet iz
Beograda. lzveStaj je uraden na osnovu zahteva - Porudzbine Investitora
br: 17621-20.040 od 04.03.2020.god. i Ugovora zakljuenog izmedu SERBIA ZIJIN
BOR COPPER DOO BOR (ugovor br. 2348 od 06.04.2020.god.) i Rudarsko-geoloskog
fakulteta Beograd (ugovor br. 14/53-20 od 15.04.2020.god.).

GeotehniCka istrazivanja izvedena su na osnovu zahteva Investitora i projektnog
zadatka i dostavljene geodetske situacije. Istrazno busenje izvedeno je od strane
Investitora, dok su ostala terenska istrazivanja izvedena od strane Rudarsko-geoloskog
fakulteta.

Prvobitno je planirano da se na ovom prostoru, u okviru postrojenja za proizvodnju
kre€a izgrade objekti koji su prikazani na priloZzenoj situaciji sa izvedenim buSotinama
(prilog 2). Predstavnici investitora su odredili raspored i dubinu istraznh buSotina, tako
da se omogucéi sagledavanje inzenjerskogeoloskih svojstava terena i geotehnickih
uslova izgradnje tih objekata. Tokom izrade ovog izvestaja, medutim, doSlo je do
promene tehnologije postrojenja, a samim tim i planiranih objekata i njihovih pozicija u
okviru postrojenja.

Istrazno busenje izvedeno je krajem aprila 2020. godine a laboratorijska geomehanicka

ispitivanja izvedena su od strane odgovornih inzenjera iz Laboratorije za geomehaniku

Rudarskog instituta iz Zemuna, tokom maja 2020. U istrazivanjima i izradi lzveStaja

uCestvovali su:

- Prof. dr Gordana Hadzi-Nikovic¢, dipl.inz.geol.

- Prof. dr Miodrag BanjeSevi¢, dipl.inZ.geol. (Tehnicki fakultet u Boru)

- Doc. dr Du8an Berisavljevi¢, dipl. inZ. geol.

- Miroljub Zivanovi¢, dipl.inZ.geol.

- Slavica Jankovic,dipl.inZ.geol.

- Burad Simonovi¢, apsolvent SP Geotehnika (Rudarsko-geoloski fakultet, Univerzitet u
Beogradu)
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Na osnovu rezultata ovih istraZivanja i ispitivanja, utvrdena su osnovna
inZenjerskogeooloska svojstva terena, prostorna zastupljenost, debljine i medusobni
odnosi razliitih litoloSkih Clanova, prisustvo, prostorna rasprostranjenost i tvorevine
egzodinamickih procesa, kao i merodavne veli€ine fiziCko-mehani¢kih parametara tla
i stenskih masa u zoni o€ekivanih uticaja buducih objekata u okviru postrojenja.

lzveStaj o geotehniCkim istraZivanjima uraden je u skladu sa vazeCim propisima,
normativima i standardima propisanim za izradu ove vrste tehniCke dokumentacije:
Zakonom o rudarstvu i geoloSkim istrazivanjima (Sl. glasnik RS 101/2015 i 95/218),
Pravilnikom o sadrzini Projekta geoloskih istraZivanja i elaborata o rezultatima
geoloskih istrazivanja (Sl. glasnik RS 51/96), Pravilnikom o potrebnom stepenu
izuCenosti inzenjerskogeoloskih  svojstava terena za  potrebe  planiranja,
projektovanja i gradenja (Sl.glasnik RS 51/96), Zakonom o planiranju i izgradniji
objekata (Sl. glasnik RS br. 72/09, 81/09, 64/10, 24/11 w 121/12, 42/13, 50/13,
98/13, 132/14, 145/14, 83/18, 31/19, 37/19, 9/20), i drugim vazecim propisima za
izradu ove vrste dokumentacije.

Elaborat o rezultatima istrazivanja sastoji se od tekstualne i graficke dokumentacije.
Tekstualni deo Elaborata sadrzi:

- Obim, vrste i tehniCke uslove izvedenih istrazivanja i ispitivanja,

- Rezultate izvedenih istrazivanja, u okviru kojih se daju morfoloSka svojstva
terena, geoloSka grada, inZenjerskogeol$ka svojsta terena, veli€ine fiziCko-
mehanickih parametara izdvojenih litoloskih ¢lanova ili kompleksa,

- Analizu uslova fundiranja,

- Mere zastite Zivotne i geoloSke sredine.

Grafi¢ki deo elaborata sadrzi: Geolosku kartu Sireg prostora (izvod iz Lista Bor, L 34-
141, OGK; Savezni geoloSki zavod, Beograd, 1974), Situaciju terena sa polozajem
izvedenih istraznih radova, GeotehniCke preseke terena, InZenjersko-geoloske
profile istraznih buSotina, Tabelarni prikaz rezultata laboratorijskih geomehanickih
ispitivanja i rezultate pojedinacnih laboratorijskih ispitivanja.

2. OPSTI PODACI O ISTRAZNOM PROSTORU

Istrazni prostor pripada industrijiskom kompleksu Ogranka RBB u Boru, lokacij
Zagrade. Lokacija se nalazi = 10 km jugoistocno od grada Bora. Do lokacije se dolazi
drzavnim putevima 165 i 166.
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Na slici 1 prikazan je Siri prostor lokacije postrojenja za proizvodnju kre€a u
industrijskom kompleksa Ogranka RBB u Boru.

Slika 1. Orto foto $ireg prostora novog postrojenja za proizvodnju kre€a
u industrijskom kompleksu Ogranka RBB u Boru

3. VRSTE | OBIM IZVEDENIH GEOTEHNICKIH ISTRAZIVANJA

Radi definisanja geotehnickih uslova izgradnje objekata u zoni novog postrojenja za
proizvodnju kre€a, izvedena su terenska istraZivanja i laboratorijska ispitivanja:
- Istrazno buSenje sa detaljnim inZenjerskogeoloSkim kartiranjem
jezgra istrazniih busotina,
- Laboratorijska geomehanicka ispitivanja uzoraka tla i stenske mase.

3.1. Istrazno buSenje sa detaljnim inzenjerskogeolosSkim
kartiranjem jezgra istraznih buSotina i uzimanjem uzoraka za
laboratorijska geomehanicka ispitivanja

Za navedene objekte izvedene su 24 istrazne buSotine dubine 7.50 — 15.0 m,
ukupna duzine buSenja 258.5 m. Istrazno busSenje izvedeno je masinski, rotaciono,
sa kontinualnim jezgrovanjem. Spoljni pre¢nik busotine iznosi 122.6 mm, a jezgro je
pre¢nika 85 mm.
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U toku rada na istraznom buSenju, po zavrSetku svake istrazne busotine, izvrSeno je
detaljno inZzenjerskogeolo$ko kartiranje jezgra istraznih busotina. Da bi se kartiranje
uspesno obavilo, jezgro svake istrazne buSotine stavljano je u sanduke standardnih
dimenzija (slika 3).

Pored makroskopske identifikacije i klasifikacije litoloSkih ¢&lanova po dubini,
registrovana je primarna struktura i osnovni tip poroznosti i pojave sekundarne
poroznosti, kao i sekundarne primese u masi i u porama tla i fizicko-hemijske izmene
ispucalost, kompaktnost stenske mase, RQD.

RBB BOR 8
ZAGRADE

Slika 3. Sanduk sa jezgrom bus$otine B-12
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Slika 4. Uzorci jezgra iz buSotina B-13 i B-16

Prostorni polozaji (x, y, z koordinate) istraznih buSotina na terenu odredeni su i
dostavljeni od strane strucne sluzbe Investitora. Polozaji izvedenih istraznih buSotina
grafiCki su prikazani na Situaciji terena, 1:500 (prilog 2).

Podaci o buSotinama dati su u tabeli 1. Rezultati detaljnog inZzenjerskogeoloskog
kartiranja i fotografije jezgra istraZznih busotina, sa podacima o uzetim uzorcima iz
jezgra, prikazani su na pojedinacnim dokumentacionim listovima, inzZenjersko
geoloskim profilima istraznih busotina (graficki prikaz u razmeri 1:100), u prilozima
4.1-4.24, a koriSceni su pri izradi geotehnickih preseka 1-1' — 12-12’ (prilozi 3.1-3.4).

Tabela 1. Tehnicke karakteristike istraZznih busSotina

Koordinate Uzeti
Oznaka - . ¢
busotine Precnik Dubm_a uzorci u
X y z busenja | buSenja intervalu
(mm) (m) dubina (m)
B-1 7 598 148.14 4 876 942.83 201.69 122,6/85 13.0 6.00 - 6.30
B-2 7 598 164.25 4876 921.12 201.77 122,6/85 12.0 8.90-9.10
B-3 7 598 155.816 | 4 876 932.502 201.69 122,6/85 7.50 4.80-5.10
B-4 7598 136.562 | 4 876 934.180 201.45 122,6/85 10.0 8.00 - 8.30
B-5 7 598 143.825 | 4876 924.524 | 200.96 122,6/85 10.0 6.00 - 6.25
B-6 7 598 152.57 4876 912.477 201.37 122,6/85 9.0 7.40 -7.80
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B-7 7598 076.217 | 4876945.617 | 201.54 | 122,6/85 15.0 14.30 -14.50
B-8 7 598 051.93 4876 972.19 201.53 | 122,6/85 12.0 9.20-9.40
B-9 7598 062.258 | 4876981.677 | 201.88 | 122,6/85 13.0 11.90-12.10
B-10 7598 083.149 | 4876987.302 | 202.04 | 122,6/85 11.0 4.20 -.4.50
B-11 7598 125.953 | 4876993.758 | 208.34 | 122,6/85 13.0 11.50 -11.80
B-12 7 598 082.341 4 876 992.51 200.87 | 122,6/85 10.0 9.20-9.40
B-13 7598 077.566 | 4876997.747 | 201.68 | 122,6/85 10.5 4.20 - 4.50
B-14 7598 075.305 | 4877010.284 | 201.46 122,6/85 12.0 8.30 - 8.60
5.60 - 5.80
B-15 7598 077.139 | 4877 013.351 | 201.55 | 122,6/85 10.5 7.30 - 7.60
B-16 7598 087.122 | 4877 014.977 201.65 | 122,6/85 8.0 2.50-2.80
B-17 7598 089.298 | 4877 024.428 | 201.80 122,6/85 8.0 4.30 - 4.50
B-18 7598 098.636 | 4877015.435 | 201.69 | 122,6/85 10.0 7.30 - 7.50
B-19 7598 093.262 | 4877020.343 | 201.69 | 122,6/85 10.5 9.10-9.30
B-20 7598 101.691 | 4877011.470 | 201.69 | 122,6/85 7.5 5.60 - 5.90
B-21 7598 131.367 | 4877024.246 | 213.11 | 122,6/85 10.0 6.30 - 6.60
BN-1 7598 116.864 | 4876980.857 | 201.66 | 122,6/85 12.0 11.70 -11.90
BN-2 7598 110.586 | 4876975.127 | 200.51 | 122,6/85 12.0 9.60 - 9.90
BN-3 7598 104.308 | 4876969.396 | 200.93 | 122,6/85 12.0 5.20 - 5.50




Izvestaj o geotehnickim istrazivanjima za potrebe realizacije projekta izgradnje
novog postrojenja za proizvodnju kre€a sa pratec¢im objektima i opremom
u industrijskom kompleksu Ogranka RBB Bor
SERBIA ZIJIN BOR COPPER DOO BOR

3.2. Laboratorijska geomehanicka ispitivanja uzoraka tla i stenske mase

Iz istraznih buSotina odabrano je 25 uzoraka za laboratoriska geomehanicka
ispitivanja. Uzorci su pakovani u plasticne folije, a posle numeracije i oznaavanja
transportovani su u laboratoriju. Svi opiti, kao i pakovanje i transport, izvrSeni su
shodno vazeéim propisima i standardima. Ispitano je ukupno 25 uzoraka: 4 uzorka tla i
21 uzorak stenske mase.

Laboratorijska geomehanicka ispitivanja uzoraka tla

Na odabranim uzorcima tla, odredeni su:
- prirodna sadrzina vode — 4 opita (SRPS U.B1.012),
- granulometrijski sastav — 4 opita (SRPS U.B1.018),
- zapreminska masa tla — 2 opita (SRPS U.B1.016),
- Aterbergove granice consistencije — 2 opita (SRPS U.B1.020),
- parametri ¢vrstoce opitom direktnog smicanja — 2 opita
(SRPS U.B1.028.1996),
- edometarski moduli stisljivosti — 2 opita (SRPS U.B1.032).

Laboratorijska geomehaniCka ispitivanja uzoraka stenske mase

Laboratorijska geomehanicka ispitivanja obavljena su na odabranim uzorcima ¢vrste
stenske mase — laporca i peSCara, iz sredina razliCitog stepena ispucalosti i
izmenjenosti. Na uzorcima stenske mase, izvedena su sledeca ispitivanja:

- Zapreminska tezina sa porama i Supljinama — 21 opit (SRPS B.B8.032),

- Sadrzina vode — 21 opit (SRPS B.B8.032),

- Jednoaksijalna ¢vrstoc¢a na pritisak —20 opita (SRPS B.B7.126),

- Cvrstoéa na istezanje — 10 opita (SRPS B.B7.127),

- Brzina prostiranja poduznih i poprecnih elasti¢nih talasa — 13 opita (SRPS
B.B8.121),

- Dinamic¢ki modul elasti¢nosti i dinamicki Poisson-ov koeficijent - 13
uzoraka,

- Odredivanje ugla unutrasnjeg trenja i kohezije preko podataka za ¢vrstocu
na pritisak i ¢vrstoCu na istezanje (metoda Protodakonova) — 10 uzoraka,

- Ispitivanje pritisne ¢vrstoce — 1 opit.

Broj probnih tela koja su predstavljala jedan uzorak zavisio je od mogucnosti
iskoriS¢enja izdvojenog stenskog materijala, odnosno od stanja stenske mase u
terenu.
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Metodologija ispitivanja fiziCko-mehanickih
svojstava stenskog materijala

Prikaz metodologije ispitivanja fizicko-mehanickih svojstava stenskog materijala dat
je po pojedinim svojstvima.

Zapreminska tezina

Zapreminska teZina kreCnjaka odredena je metodom potapanja uzorka u vodu
(SRPS B.B8.032). Ova metoda se izvodi tako Sto se vaganjem uzorka nepravilnog
oblika odreduje njegova tezZina, a zatim potapanjem uzorka u sud sa vodom i
merenjem promene teZine suda sa vodom se odreduje se njegova zapremina.

Uzorak za ispitivanje se u prirodnom stanju vlaznosti obavije koncem i izmeri (odredi
teZina W). Izmeren uzorak se potapa u rastopljeni parafin dok se ne stvori sloj
parafina debljine 1 mm i tako parafinisan uzorak se izmeri (W1). Na vagu se postavlja
sud sa vodom i meri se tezina (W2), nakon toga se uzorak potapa u sud sa vodom,
tako da bude potpuno potopljen i izmeri se tezina uzorka potopljenog u vodu (W3).
Pri tome uzorak ne sme dodirivati sud sa vodom.

Zapreminska tezina uzorka se odreduje prema sledecem obrascu:

W w
g V-V, Wo-W, W W
Y 7

gde su:

yv— zapreminska teZina uzorka u prirodnom stanju vlaznosti (N/m?3),
W — tezina uzorka u prirodnom stanju vlaznosti (N),

W, — teZina parafinisanog uzorka (N),

W, — teZina suda sa vodom (N),

W3 — teZina suda sa potopljenim uzorkom (N),

7w - Zapreminska tezina vode (N/m3),

7p - zapreminska tezina parafina (N/m?3).

Sadrzina vode

Sadrzina vode je odredena metodom pomocu elektricne susnice (ISRM Suggested
Methods for Determining Water Content, Porosity, Density, Absorption and Related
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Properties and Swelling and Slake-Durability Index Properties). Ova metoda se
izvodi tako Sto se komadi¢ uzorka nepravilnog oblika susi u elektricnoj susnici. Pre i
nakon suSenja vrSi se merenje tezine uzorka. Na osnovu dobijenih podataka
odreduje se sadrzZina vode u uzorku.

Uzorak za ispitivanje se postavi na sahatno staklo. Sve zajedno se izmeri na
analitickoj vagi i odredi njegova tezina u vlaznom stanju W. Zatim, uzorak se
postavlja u elektricnu susnicu gde se susi na 105°C do stalnosti mase, tj. odredi
teZina suvog uzorka Ws.
Sadrzina vode uzorka se odreduje prema slede¢em obrascu:

=" 100,

S t

gde su:

@ — sadrzina vode uzorka (%),

W — teZina uzorka u prirodnom stanju vlaznosti sa sahatnim staklom (N),
Ws — teZina uzorka u suvom stanju sa sahatnim staklom (N),

W — teZina sahatnog stakla (N).

Jednoaksijalna ¢évrstoc¢a na pritisak

Jednoaksijalna ¢vrsto¢a na pritisak stenskog materijala odredena je na cilindri€nim
probnim telima (ISRM Suggested Methods for Determining UCS, Part 1). Odnos
dimenzija probnih tela (h:d) iznosio je od 1:1 do 2:1. Dimenzije probnih tela su
odredene pomocu kljunastog pomi¢nog merila sa preciznoséu od 0,1 mm. Ispitivanja
se izvedena na hidraulicnoj presi potrebnog kapaciteta 2000 kN. Prirastaj
opterecenja se kretao od 0,12 do 0,15 MPal/s.

Probna tela su postavljena centricno na presi i pritisak se postepeno povecavao,
slika br. 5.

U trenutku loma konstatovano je optereéenje koje je izazvalo lom. Cvrstoéa na
pritisak probnog tela sraCunava se prema obrascu:

gde su: F —ukupno opereterecenje u trenutku loma, N
A - povrSina poprec¢nog preseka probnog tela, m?.
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Slika 5. Ispitivanje jednoaksijalne ¢vrstoce na pritisak

U slucajevima kada, zbog slojevitosti ili ispucalosti stenskog materijala nije bilo
moguce obraditi probna tela sa odnosom visine i pre¢nika od 2:1 ispitivanja su
izvodena na probnim telima sa manjim visinama. Za probna tela kod kojih je ovaj
odnos bio manji od 2:1 rezultati ispitivanja ¢vrsto¢e su redukovani prema sledecoj

fomuli (ASTM, 1986):

O,

Oy = —d
0.88+O.24-H

gde su: 021 — redukovana vrednost ¢vrstoce na pritisak za probna tela sa odnosom
visine i pre¢nika od 2:1,
oc — Cvrstoéa na pritisak za probno telo sa visinom h i pre¢nikom d.

Cvrstoéa na istezanje

Cvrstoc¢a na istezanje stenskog materijala je odredena Brazilskom metodom (ISRM
Suggested Methods for Determining Tensile strength of Rock Materials, Part 2).
Odnos dimenzija probnih tela (h:d) iznosio je 1. Dimenzije probnih tela su odredene
pomoc¢u kljunastog pomi¢nog merila sa preciznos¢u od 0,1 mm. Probna tela su
ispitivana na hidrauli¢noj presi potrebnog kapaciteta 2000 kN. Prirastaj opterecenja
se kretao od 0,12 do 0,15 MPa/s.

Probna tela su postavljena bo¢no na presi i pritisak se postepeno povecavao, slika
br. 6. U trenutku loma konstatovano je opterec¢enje koje je izazvalo lom. Cvrsto¢a na
istezanje probnog tela sratunava se prema obrascu:
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gde su:
F — ukupno opterecenje u trenutku loma, N
d - pre¢nik probnog tela, m
| — duzina probnog tela, m.

Dinamicki Poisson-ov koeficijent (udyn) i dinami¢ki modul elasti¢nosti (Edyn)

Dinamicki Poisson-ov koeficijent i dinamiki modul elasti¢nosti utvrdeni su na osnovu
merenja brzine rasprostiranja elasti¢nih poduznih i poprecnih talasa u stenskom

Slika 6. Ispitivanje ¢vrstoce na istezanje

materijalu (SRPS B.B8.121). Odredivanje dinamickih parametara elasti¢nosti pripada
grupi metoda ispitivanja bez razaranja probnog tela. Za ova ispitivanju se koriste
prizmati¢na probna tela kod kojih je odnos visine i osnove 2:1. Za odredivanje brzine
prostiranja elasticnih talasa koristi se oprema koja se sastoji od osciloskopa,
generatora impulsa, davaca i primaca impulsa. Na ovaj nacin se odreduje vreme
koje je potrebno da elasti¢ni talas od davaca stigne do primaca.

Dinamicki Poisson-ov koeficijent se odreduje prema obrascu:

_2-a2—1
Mo =0 a? 2"

gde su:
a — faktor odnosa brzina prostiranja poduznih i poprecnih elasti¢nih talasa,
V, :tl— — brzina prostiranja poprecnih elasti¢nih talasa (m/s),

S

11
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Vv, =|— — brzina prostiranja poduznih elasti¢nih talasa (m/s),
tP
| — duzina probnog tela (m).

DinamiCki modul elasticnosti se odreduje prema obrascu:

Edn -V p(1+lud )(1_2luu ) ,
v p 1—,Ud

gde su:

p= A zapreminska masa stenskog materijala (t/m?3),

9.81
y— zapreminska tezina stene (kN/m?3).

Sva laboratorijska ispitivanja uzoraka obavljena su saglasno postojec¢im standardima
za ovu vrstu ispitivanja. Rezultati ispitivanja prikazani su u Prilogu 5.

4. PRIKAZ REZULTATA ISTRAZIVANJA

Na osnovu rezultata svih istrazivanja sagledana su:
- MorfoloSka svojstva terena,
- GeoloSka grada terena,

- InzenjerskogeoloSka svojstva terena i fizicko- mehanicki parametri
litoloSkih sredina i kompleksa.

4.1 MorfoloSka svojstva terena

Lokacija, na kojoj su vrSena geotehniCka istrazivanja za potrebe izgradnje novog
postrojenja za proizvodnju kre€a, nalazi se = 10 km jugoistocno od Bora neposredno
pored postojece stare fabrike kre€a Zagrade, do koje se dolazi drzavnim putevima 165
i 166.

Vedéi deo istraznog prostora predstavlja priblizno ravan teren sa kotama u rasponu =
200 — 202 mnm, osim u severoistocnom delu gde se nalaze istrazne busotine B-11, sa
kotom = 208 mnmn i B-21 sa kotom = 213 mnm. Na zapadnom delu istraznog prostora
vrSeni su zemljani radovi i tu nema vegetacije, dok je istoni deo obrastao niskom
vegetacijom (slika 2).

Neposredno pored planiranog novog postrojenja nalaze se objekti i postrojenja
postojeCe stare fabrike kreCa Zagrade, kao i pristupne saobracajnice u funkciji. U

12
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vreme terenskih istrazivanja deo istraznog prostora je bio nepristupacan, zbog ¢ega su
neke planirane istrazne buSotine pomerene, a neke nisu ni mogle da se izvedu.

Slika 7. 3D snimak istraznog prostora novog postrojenja za proizvodnju kre¢a

5.2 GeoloSka grada terena

U geoloSkoj gradi terena, do dubine istrazivanja = 15 m, uc€estvuju:
— savremene tvorevine (nasip), n,
— gornjo-kredne sedimentne stene - laporci i peSc€ari, tektonski dovedeni
medusobno u subvertikalni kontakt, K23L,P, povrsinski degradirani K23L,P*,

dublje relativno sveziji i kompaktni K23L,P.

GeoloSku osnovu ovog terena predstavljaju bazalni konglomerati koji leze na
donjokrednim sedimentima. Preko njih su turon-senonski laporci i peSéari K22 (prilog
1).

Preko njih su deponovane tehnogene naslage razli€itog sastava (heterogen,
neureden nasip od lomlienog kamena u glinovitoj osnovi, mestimicno sa
gradevinskim Sutom). Osnovna stenska masa gornjokrednih laporaca i pes€ara, do
dubine istrazivanja, uglavnom je povrSinski degradirana.

Stepen te degradacije je razli¢it — od potpune, kada stena ima skoro karakteristike
meke stene, do relativno Cvrste stene. Efekti degradacije su uslovljeni sastavom i
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strukturom same stene kao i njenom relativnom dubinom u odnosu na nekadasnju
prirodnu povrsinu terena.

5.3 InZenjerskogeoloska svojstva terena
I fiziCko-mehanicki parametri litoloskih sredina i kompleksa

Istraznim buSenjem 24 istrazne buSotine (tabela 1, Prilozi 4.1-4.24), dubine 7.5 m do
15 m, utvdeno je da se na istraznom prostoru, u zoni planiranih objekata za novo
postrojenje za proizvodnju kre¢a, osnovna stena — laporci i peScari K23, nalazi na
promenljivoj dubini od = 0.30 m (u B-18, B-19, B-20) do = 7.00 m (u BN-1), ispod
nasipa od lomljenog kamena u smedoj glinovito-prasinastoj osnovi, mestimi¢no sa
gradevinskim otpadom (Geotehnicki preseci 1-1' — 12-12").

Nasip,_n, heterogenog sastava, neureden i nesortiran, nasut radi nivelacije terena i
izgradnje objekata starog postrojenja i pristupnih saobracajnica, izgraduje povrsinu
terena u vidu kontinualnog sloja, od povrSine terena do dubine osnovne stene
kredne starosti - laporaca K28 L i peSc¢ara K2°P. Nasip je promenljive debljine: od =
0.30 m (u B-18, B-19, B-20) do = 7.00 m (u BN-1), u najvecem delu istraznog
prostora debljine = 5.0 do 6.0 m. U povrSinskom delu uglavnom je lomljeni kameni
agregat frakcija do 63 mm u smedoj prasinastoj osnovi (tabele 2 i 3). Ispod su smede
prasine sa retkim uklopcima gradevinskog Suta. PraSina je niske plasti¢nosti, CI,
polu-tvrde konzistencije (tabele 4 i 5).

Laboratorijskim ispitivanjem 2 uzorka rastresitog, nekoherentnog nasipa, B-13 (4.20-
4.50) i BN-3 (5.20-5.50), dobijene su karakteristike granulometrijskog sastava
prikazane u tabelama 2 i 3.

Tabela 2. Granulometrijski sastav uzorka B-13 (4.20-4.50) nevezanog nasipa, n

GRANULOMETRIJSKI PRIRODNA
SASTAV % VLAZNOST | deo dso dio Cu Cz
0.002 | 0:002- [ 0.06- [ 2.0-
<U. 0.06 2.0 | 60.0 w (%) mm mm mm deo/ d1o | d30?/ d1oX deo
1 3 96 1.69 22.3882 | 9.82082 | 5.32522 | 4.20 1.38

Tabela 3. Granulometrijski sastav uzoraka BN-3 (5.20-5.50) nevezanog nasipa n

GRANULOMETRIJSKI PRIRODNA
SASTAV % VLAZNOST |  deo dso dio Cu Cz
0.002 | 0:002- [ 0.06- [ 2.0-
< 0.06 2.0 | 60.0 w (%) mm mm mm deo/ d1o | d30%/ d1oX deo
1 3 15 | 81 4.49 11.877 | 2.054 | 0642 | 18.49 2.01
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Laboratorijskim ispitivanjem 2 uzorka koherentnog nasipa, B-10 (4.20-4.50) i B-16
(2.50-2.80), dobijene su vrednosti fizicko-mehanickih parametara, prikazane u

tabelama 4 i 5.

Tabela 4. Fizicko-mehaniCke karakteristike uzorka B-10 (4.20-4.50) glinovitog (koherentnog)

nasipa, n
GRUPNI
GRANULOMETRIJSKI SASTAV % PRIRODNA Kgl\'?SRIg"I\'AIEI;IrgIIJE SIMBOL
VLAZNOST (USCS/AASHTO)
0.002- | 0.06- w (%)
<0.002 0.06 50 | 20600 We | We | Ip Ic o
11 77 12 - 15.44 43 | 22 | 21 | 1.30
ZAPEEEZ'\;'#\];SKE C‘?’,"{,"'g#g& EDOMETARSKA STISLJIVOST
y Ya ® c Mv(MN/m2) Mv(MN/m2) Mv(MN/m2)
(kN/m3) | (kN/m3) | (°) | (KN/m?) (0=50-100) (0=100-200) (0=200-400)
16.43 14.18 21 24 9524 12903 18182

Slika 8. Uzorak nasipa iz busotine B-16

Tabela 5. Fizicko-mehani¢ke karakteristike uzorka B-16 (2.50-2.80) glinovitog nasipa, n

GRUPNI
GRANULOMETRIJSKI SASTAV % PRIRODNA K()P@SQEEEJS'JE SIMBOL
VLAZNOST (USCS/AASHTO)
0.002- | 0.06- w (%)
<0.002 0.06 5o | 20600 We | We | Ip e .
17 63 20 - 25.40 49 | 24 | 25 | 0.96
ZAPTREEZ'\;'ILI\];S i éf,'ggfg& EDOMETARSKA STISLJIVOST
Y Yd [0} o Mv(MN/m?) Mv(MN/m?) Mv(MN/m?)
(KN/m3) | (KN/m3) ©) (KN/m?) (0=50-100) (0=100-200) (0=200-400)
19.88 15.82 19 20 7692 8696 12500
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Neposredno ispod nasipa, do zavrSetka buSenja, nalazi se snovna stena, koju Cine
laporaci K23L i pe$céari K23P, u gornjem delu izmenjeni i procesima povrsinskog
raspadanja degradirani.

Osnovna stena se nalazi najplice u zoni busotina B-18, B-19 i B-20, na dubini =
0.30 m, i najdublje u BN-1 na dubini = 7.00 m, dok se u ostalom delu terena nalazi
na promenljivim dubinama = 5.0 do 6.0 m, ispod heterogenog nasipa.

Prema stepenu degradacije osnovne stene, usled procesa povrSinskog rapadanja,
po dubini se mogu izdvoijiti zone: izmenjenih, degradiranih, ispucalih laporaca K23L* i
pescara K23P* i relativno svezih, kompaktnih i évrstih laporaca K23L i pe$cara i K2°P.

Izmenjeni laporac K23L*, degradirani i ispucali, nalaze se neposredno ispod nasipa u
buSotinama B-7 do B-14 i u buSotinama B-17-B-20 i predstavljaju koru povrsinskog
raspadanja laporca, proseCne debljine = 1.0-2.0 m, a u zoni busotina B-18, B-19 i B-
20 debljine i do = 5.0 m (Geotehnicki preseci terena 1-1', 2-2', 3-3', 4-4', 6-6'i 8-8"). U
ovoj zoni stenska masa je razliCitog stepena raspadnutosti u odnosu na osnovnu
stenu. Masivne je teksture. Jezgro je mek3e i provlaZzenije u odnosu na osnovnu
stenu. Prisutne su tri familije pukotina od ¢ega su dve kose i medusobno zaklapaju
ugao od priblizno 45° &to je karakteristicno za pukotine smicanja, dok je tre¢a familija
subvertikalna. Duz zidova pukotina smicanja jasno se vide strije. Pukotine su na
rastojanju 0.1 do 0.3 m.

Slika 9. Izmenjeni, provlaZeni, tamno-sivi laporac iz buSotine B-13

Iz ove zone bilo je teSko dobiti neporemecen i kvalitatan uzorak dovoljne veli€ine za
laboratorijska ispitivanja tako da su ispitivanjem jednog uzorka B-17 (4.30-4.50)
izmenjenog laporca K23L* dobijene vrednosti fizicko-mehanickih parametara:

Zapreminska tezina y (kN/m?3): 22.72 kKN/m3
Vlaznost w (%): 7.03 %
Indeks Cvrstoce (PLT) Is s0) (MPa): 0.20
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Laporac K23L, svetlo sivi, nalazi se neposredno ispod izmenjenih i degradiranih
laporaca zone povrSinskog raspadanja. Masivne je teksture. Prisutne su tri familije
pukotina od Cega su dve kose i medusobno zaklapaju ugao od priblizno 45° $to je
karakteristicno za pukotine smicanja, dok je tre¢a familija subvertikalna. Duz povrsi-
zidova pukotina smicanja jasno se vide strije. U delu oko pukotina jezgro je mekse
sa veCim stepenom raspadnutosti u odnosu na ostalu stenu. Pukotine su na
rastojanju 0.2 do 0.4 m.

Na ispitivanim uzocima sivih laporaca K23L dobijene su vrednosti fizicko-mehanickih
parametara:

Zapreminska tezina y (KN/m?3): 22.10 - 23.52 kN/m?3
Vlaznost w (%): 4.64-13.82%
Jednoaksijalna ¢vrsto¢a na pritisak cc (MN/m?): 0.8 — 7.9 MN/m?
Cvrstoéa na istezanje ot (MN/m2): 0.27— 0.79 MN/m?
Brzina prostiranja poduznih talasa Vp (m/s): 810 - 1620 m/s
Brzina prostiranja poprec¢nih talasa Vs (m/s): 400 - 870 m/s
Poisonov koeficijent payn: 0.30-0.34

Modul elasti¢nosti Eayn: 1009 — 4489 MPa
Kohezija ¢ (MN/m?): 0.60 - 0.90 MN/m?
Ugao unutrasnjeg trenja ¢ (°): 38.5 - 58°

Izmenjeni pescéari K22P*, degradirani i ispucali, nalaze se neposredno ispod nasipa u
buSotinama B-1 do B-6 i u buSotinama B-15, B-16, BN-1, BN-2 i BN-3 i predstavljaju
koru povrsinskog raspadanja pe$cara K22P, prosecne debljine = 1.0 -2.0 m, najviSe
=~ 3.0 m u buSotini B-2 (Gt presek 11-11’). PovrSinski delovi peS¢ara su, usled
povrSinskog raspadanja, izlozeni procesima intenzivnih fizi€ko-hemijskih izmena
strukture i sastava osnovne stene. KarakteriSu se Cestim pukotinama i prslinama,
mekani su, trosni i intenzivno provlazeni, lako drobivi, limonitisani, uglavhom sivo
zute do svetlo smede boje, mestimi¢no crvenkasti.

Jezgro se lomi rukom, a mestimiCno se drobi prstima. lzraZzen je proces
limonitizacije. Zrna peska su poluzaobljena, uglavhom kvarcna, ali su prisutna i zrna
izgradena od stena razliitog petrografskog sastava. Jezgro je mehanicki izdeljeno
usled procesa busSenja, dok se na kompaktnijim delovima uoCavaju tri familije
pukotina, od ¢ega su dve kose i medusobno zaklapaju ugao od priblizno 45°, dok je
tre¢a familija subvertikalna. U okolini pukotina jezgro je znatno vise fiziCki izmenjeno.
Ceste su prsline nasumi¢no rasporedene duz jezgra.
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Na ispitivanim uzocima izmenjenih degradiranih peScara K23P* dobijene su
vrednosti fiziCko-mehanickih parametara:

Zapreminska tezina y (kN/m?3): 23.08 - 23.20 kN/m?3
Vlaznost w (%): 7.08 - 7.30 %
Jednoaksijalna ¢vrstoc¢a na pritisak oc (MN/m?): 2.70 — 11.50 MN/m?
Cvrstoéa na istezanje ot (MN/m?): 2.42 MN/m?

Brzina prostiranja poduznih talasa Vp (m/s): 1810 m/s

Brzina prostiranja poprec¢nih talasa Vs (m/s): 910 m/s

Poisonov koeficijent payn: 0.33

Modul elasti¢nosti Eayn: 5132 MPa

Kohezija ¢ (MN/m?): 2.90 MN/m?

Ugao unutrasnjeg trenja ¢ (°): 38.5°

Pescar K2°P, svetlo sivi tankoslojeviti, nalazi se neposredno ispod izmenjenih i
degradiranih peSCara zone povrSinskog raspadanja.Tekstura je izrazena u vidu
gradacione slojevitosti. Zrna su sitnozrna do srednjezrna, poluzaobljena, vezana
glinovito-prasinastim vezivom, uglavnhom su monomineralna izgradena od kvarca, ali
su prisutna i zrna stena razliCitog petrografskog sastava. Mestimi¢no se uocavaju
nagomilanja sericita kada se jezgro deli na lamine i veoma tanke slojeve.

Od mehanickih diskontinuiteta prisutne su tri familije pukotina, od ¢ega su dve kose i
medusobno zaklapaju ugao od priblizno 45° Sto je karakteristicno za pukotine
smicanja, dok je treca familija subvertikalna. Duz povrsi-zidova pukotina smicanja
jasno se vide strije. Subvertikalne pukotine uglavnom su zapunjene tankom
glinovitom ispunom, a u dubljim delovima kalcitom. Pukotine su na rastojanju 0.2 do
0.4 m.

Ispitivanjem uzoraka relativno svezih pes$cara K23P dobijene su vrednosti fizicko-
mehanickih parametara:

Zapreminska tezina y (kN/m?3): 21.26 - 24.62 kN/m?3
Vlaznost w (%): 1.94-8.21%
Jednoaksijalna ¢vrsto¢a na pritisak oc (MN/m?): 5.4 — 37.4 MN/m?
Cvrstoca na istezanje ot (MN/m?): 1.14 — 4.46 MN/m?
Brzina prostiranja poduznih talasa Vp (m/s): 1020 - 3650 m/s
Brzina prostiranja poprec¢nih talasa Vs (m/s): 510 - 1920 m/s
Poisonov koeficijent payn: 0.30-0.33

Modul elasti¢nosti Edyn: 1651 — 23724 MPa
Kohezija ¢ (MN/m?): 1.40 - 6.50 MN/m?
Ugao unutrasnjeg trenja ¢ (°): 37 - 59°
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Tokom istraZivanja u terenu nije osmatrana podzemna voda.

5. ANALIZA USLOVA FUNDIRANJA OBJEKATA

Za analizu uslova fundiranja objekata neophodno je sagledati tehnike karakteristike
objekata i usvojene fizicko-mehanicke parametre tla/stene koji ¢e biti u sadejsvu sa

objektima.

5.1 Tehni¢ki podaci o objektima

TehniCki podaci o objektima i opremi u okviru novog postrojenja za proizvodnju kre€a
dobijeni su od investitora (List of Engineering Geological Survey Buildings) i
prikazani su u tabeli 6.

Tabela 6. Objekti i oprema u okviru novog postrojenja za proizvodnju kreca, i njihove
karakteristike

Dimenzije | Ukupna Dubina Dimenzi
3 u osnovi visina i ukopavanja | je AB | Opterecenje
Objekat/oprema LxB H Konstrukcija ) temelja q (kPa)
(m x m) (m) (m)
Pe¢ — .
: : - 40 elicna -3.50 200
Kiln foundation
Upravna zgrada
: ; Basket
Comprehensive office 24x 14 12 frame -2.0 2x2 150
building
Postrojenje za mlevenje . .
o 20x 18 15 Celi¢na 150
Grinding workshop -2.0 3x3
Calcium Oxid 30 x 24 15 Celicna 20 3x3 150
Ca (OH)z magacin 30x 14 15 Celic 150
X elicna
Ca (OH)2 warehouse -2.0 3x3
Silos pored peci o
: 16.5x5.5 11 Celi¢na 150
Silo next to thefurnace -2.0 3x3
Gotov proizvod 113x43 | 11 Celiéna 20 3% 3 150
Finished product '
Silos za punjenje uglja 3535 1 el 150
5x3. elicna
Coal loading silo -2.0 2x2
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S obzirom da u vreme izrade ovog lzveStaja nisu bili poznate kote poda
objekata/postrojenja, kao ni kote uredenog terena, pri analizi uslova fundiranja
objekata prikazani su:

- usvojeni parametri svojstava tla/stene koji ¢e biti u sadejstvu sa objektom,

- veliine dozvoljene nosivosti ga za fundiranje objekata u steni.

5.2 Usvojeni parametri terena u sadejstvu sa objektom

Prema rezultatima istraZivanja, geotehni¢kim presecima i podacima o objektima (List
of Engineering Geological Survey Buildings), dobijenim od investitora i prikazanim u
tabeli 6, planirani objekti i oprema novog postrojenja za proizvodnju kreca, vecim
delom bi trebalo da budu fundirani u nasipu, a manjim delom na osnovnoj steni —
laporcima, K23L i pescarima, K2°P (u zoni busotina B-17, B-18, B-19 i B-20,
geotehnicki preseci terena 4-4' i 8-8').

Imajuéi u vidu izrazitu heterogenost i nedovoljno poznavanje mehanickih
karakteristika nesortiranog i nekontrolisano nasutog materijala na povrsini terena, ne
preporucuje se neposredno fundiranje objekata i opreme u neuredenom nasipu, bez
dodatnih ispitivanja njegovih mehanickih karakteristika.

Za manje debljine nasipa, preporucuje se njegovo uklanjanje i fundiranje objekata na
osnhovnoj steni — laporcu i peS€aru. Za vece debljine nasipa, preporucuje se
geotehnicki nadzor tokom izvodenja iskopa i odredivanje mehanickih karakteristika
nasipa terenskim ispitivanjima na dubini fundiranja. Preporucuje se provera modula
deformacije probnom plo¢om (static plate load test) ili plo€om sa padaju¢im tegom
(dynamic plate load test). U zavisnosti od veli¢ine dopunskog opterecenja, i uslova u
terenu, po potrebi se moZze izvrsiti zbijanje i/ili zamena materijala ispod temelja uz
zbijanje do postizanja odgovarajuéih parametara, o ¢emu odluku donosi vrSilac
geotehnic¢kog nadzora u saradnji sa investitorom.

Takode, ne preporuCuje se fundiranje susednih temelja objekta u tlu/steni izrazito
razli¢itih deformabilnih svojstava. Zbog neujednacenih parametara deformabilnosti
moze doc¢i do nastanka nedozvoljenih diferencijalnih sleganja. Ako se fundiranje
susednih temelja objekta u razliCitim sredinama ne moZze izbeci, preporuCuje se
izrada tampona od istog materijala poznatih karakteristika, pod istim uslovima
zbijanja, do postizanja modula stisljvosti tampona M = 20 MPa, ispod svakog
temelja. Na ovaj naCin mozZe da se postigne uniformnost deformabilnosti materijala
ispod temelja, a samim tim smanjenje moguénosti nastanka nedozvoljenih
diferencijalnih sleganja.
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Osnovna stenska masa — laporci K2°L i pescéari, K23P, ispod nasipa, izmenjena
je, manje ili viSe, procesima povrSinskog raspadanja i u njoj se mogu izdvojiti zone
razliCite ispucalosti i razliCitog stepena degradacije. U steni se ¢esto smenjuju tvrdi i
meksSi delovi, usled Cega fiziCko-mehani¢ki parametri variraju, Sto je potvrdeno
dobijenimrezultatima laboratorijskih ispitivanja uzoraka, ali generalno povoljnih je
fiziCko-mehanickih karakteristika sa aspekta uslova izgradnje objekta.

Na osnhovu analize dobijenih rezultata i uzimajuci u obzir efekat razmere, kojim se
definiSe zavisnost izmedu veli€ine uzorka i stenskog masiva, za objekte koji ¢e biti
fundirani u laporcima, K23L i peS¢arima, K2°P, predlazu se vrednosti parametara
prikazane u tabeli 7.

Tabela 7. Usvojene veli¢ine parametara fizicko-mehanickih svojstava laporaca K2°L i
pesdara K2°P

Jednoaksijalna

Zapreminska SRR évrs;%frsnni?crzian'a elal\élt(i)gnu(isti
Stena/Parametar tezina y pritisak RQD SE : -
(kN/m3) (uzorak)2
oc (MN/m®) ckPa) o ()| E(Mpa)
Izmenjeni laporac Ko3L* 22.0 2.0 35-50 78 24.7 78
Laporac K23L 225 39 > 80 291 31 557
lzmenjeni ped&ar Ko3P* 23.0 7.0 35-50 115 44.4 430
& X 3 235 18.0 > 85 4041
Pescéar K2 P 697 52.7

5.3 Nosivost i sleganje temeljnog tla

Nosivost stena Cesto se odreduje na osnovu drobljenja uzorka jezgra pri ispitivanju.
Uzorci koji se ispituju u laboratoriji trebalo bi da budu bez pukotina i oStecenja.

Dozvoljena nosivost ga odredena je na osnovu:

- RQD (Rock Quality Designation) - (Peck et al,1974),

- Eurokoda 7 — Geotehnicko projektovanje, EUROPEAN STANDARD EN 1997-
1:2004.
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| Peck, Hansen & Thornburn, 1974.

U stenama u kojima postoje povrsine slojevitosti, ispucalosti ili druga ostecenja,
uobiCajeno je da se stena ocenjuje prema parametru RQD (Rock Quality
Designation). U tabeli 8 daje se klasifikacija stena prema RQD. Pek i saradnici,
(1974) su uspostavili zavisnost izmedu RQD i dozvoljene nosivosti qa, Sto je
prikazano u tabeli 9.

Pri tome, RQD treba da oznaCava proseCnu vrednost unutar dubine, ispod kote
temelja, jednake Sirini temelja, pod uslovom da je kvalitet stene, tj. RQD ujednacen
unutar te dubine. Ako je, neposredno ispod temelja, do dubine od oko B/4, stena
loSijeg kvaliteta, tada treba koristiti tu vrednost RQD (Murthy, 2003).

Autori navode da ukoliko se projektovanje temelja bazira na ovome, onda ce
maksimalno sleganje biti manje od 12.7 mm (Corié, 2006).

Tabela 8. Zavisnost izmedu RQD i ocenjenog kvaliteta stene na terenu
(Peck et al,1974)

RQD % Kvalitet stene
90 - 100 Odli¢an
75-90 Dobar
50 - 75 Srednji
25-50 Los
0-25 Vema los

Tabela 9. Dozvoljena nosivost ga za ispucale stene (Peck et al,1974)

RQD 0a (Ton/ft?) ga (MPa)
100 300 29
90 200 19
75 120 12
50 65 6.25
25 30 3
0 10 0.95
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Il Eurocod 7 razmatra ,procenjenu nosivost stene”, tj. dozvolijeno opterecenje
stenske mase ispucalih stena ga, koje se procenjuje tako Sto se uzima u obzir: tip
stene (tabela 10), jednoaksijalna ¢vrstoca na pritisak qu i razmak pukotina s (mm)
(slika 10). Procenjena nosivost se odnosi na temelje samce kvadratne osnove
fundirane na steni, za uslov da dozvoljena sleganja objekta nisu ve¢a od 0.5% od
Sirine temelja (EN 1997-1:2004).

Tabela 10. Grupe stena (EN 1997-1:2004)

Grupa

Vrsta stene

Cisti kre¢naci i dolomiti

Karbonatni peSc¢ari male poroznosti

Magmatske stene

Oolitski i laporoviti kre¢njaci
Cvrsto vezani pes&ari
Cvrsti laporci

Metamorfne stene uklju€ujuéi skrilice (sa
subhorizontalnim klivazom / foliacijom)

Veoma laporoviti kre¢njaci
Slabo vezani pe&cari
Listasti Skriljci (sa kosim klivazom / folijacijom)

Glinoviti laporci i Skriljci

Prema svemu navedenom, veliine dozvoljene nosivosti ga, za objekte koji se
fundiraju u osnovnoj steni - laporcima, K23L ili pe$¢arima, K2°P, prikazane su u tabeli

11.

Za usvojene veli€ine, preporucuju se one dobijene po Eurocod 7.
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Slika 10. Procenjena nosivost temelja samaca kvadratne osnove fundirane na steni, za
uslov da dozvoljena sleganja objekta nisu veca od 0.5% od Sirine temelja (EN 1997-1:2004)

Legenda za sliku 10:

Abscisa: qu (MPa) — jednoaksijalna ¢vrsto¢a na pritisak, Ordinata: ds (mm) — razmak izmedu pukotina,

2 - Grupa stena, (tabela 10),

5 - Dozvoljena nosivost ne moze da premasi jednoaksijalnu &vrstocu na pritisak, ako su pukotine

stisnute ili 50 % ove veli€ine ako su pukotine otvorene,

6 - Dozvoljena nosivost: a) veoma meka stena, b) meka stea c) umereno meka stena
d) umereno &vrsta stena, e) ¢vrsta stena,

Rastojanje izmedu pukotina: f) malo rastojanje izmedu pukotina g) srednje rastojanje izmedu pukotina
h) veliko rastojanje izmedu pukotina h)

Tabela 11. Veli¢ine dozvoljene noivosti ga za temelje u laporcimai peséarima, K2°L,P

Peck, Hansen &
Stena / Postupak odredivanja ga Thornburn Eurocod 7
da (MPa) Ja (MPa)
Izmenjeni laporac K3L* 3.0 1.0
Laporac Kz°L > 10 2.0
Izmenjeni pescar K°P* 4.00 2.5
Pes¢ar i K2°P > 10 10

Za usvojene veli€ine, preporucuju se one dobijene po Eurocod 7.
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6. MERE ZASTITE ZIVOTNE SREDINE

Prilikom izgradnje i eksploatacije objekata na prostoru novog postrojenja za
proizvodnju kre€a, moraju da se poStuju sve mere zastite Zivotne sredine u
saglasnosti sa pozitivnim propisima koji su za te mere doneti u Republici Srbiji.
Saglasno tome i zbog velike vodopropustljivosti povrsinskih slojeva, mora se sprediti
zagadenje tla. Sva sredstva, oprema i postrojenja u kojima se Cuvaju ili koriste
eventualno zagaduju¢e materije moraju da budu posebno obezbedena zastitnim
nepropusnim materijalima.

Takode, sve otpadne vode moraju se kontrolisano prikupljati i odvoditi bez
mogucnosti njihovog direktnog upustanja u teren.

Svi radovi tokom izgradnje objekata treba da budi izvedeni tako da se ne pogorsaju
prirodni inZzenjerskogeoloski uslovi u terenu. U tom smislu treba da se obezbed
stabilnost svih iskopa tokom gradnje.

Ovlasceno lice:

/Ooqa#a (}d:g (/ /4

Topaana .
apn-Huxos#
MILL ALY 9 l\‘(:l -

Prof.dr Gordana Hadzi-Nikovi¢, dipl.inz.geol.
Broj licence: 391 L357 15

25



lzvestaj o geotehni€kim istrazivanjima za potrebe realizacije projekta izgradnje
novog postrojenja za proizvodnju kreca sa prate¢im objektima i opremom
u industrijskom kompleksu Ogranka RBB Bor
SERBIA ZIJIN BOR COPPER DOO BOR

7. DOPUNA ANALIZI USLOVA FUNDIRANJA OBJEKATA

Prema rezultatima istrazivanja, geotehni¢kim presecima i podacima o temeljima
objekata u okviru postrojenja, dobijenim od investitora i projektanta (LUDAN
Engineering d.o.o., april 2022.godine), planirani objekti i oprema novog postrojenja
za proizvodnju krec€a, bi¢e fundirani u nasipu.

Imajuéi u vidu izrazitu heterogenost i nedovoljno poznavanje mehanickih
karakteristika nesortiranog i nekontrolisano nasutog nasipa, ne preporucuje se
neposredno fundiranje objekata i opreme u ovom materijalu.

Analiza uslova fundiranja je pokazala da je zona uticaja opterecenja na teren veca
od debljine postojeceg nekontrolisano deponovanog nasipa za sve temelje osim za
temelje objekta 0117.

Zbog toga se preporucuje geotehni¢ki nadzor tokom izvodenja iskopa i zbijanje i/ili
zamena materijala ispod temelja do dubine uticaja (do izmenjenih laporaca i
pesSCara, osim za objekat 0117, gde je dubina zone uticaja manja) uz zbijanje do
postizanja odgovaraju¢ih modula deformabilnosti, o ¢emu odluku donosi vrsilac
geotehnic¢kog nadzora u saradnji sa investitorom.

Preporuka je da se nasipanje do zahtevane kote izvede od krupnozrnog materijala
(8ljunak, drobljeni kameni agregat ili neki drugi granularni materijal) koji nije osetljiv
na promenu vlaznosti tokom zbijanja. Materijal mora imati odgovaraju¢i udeo
razliCitin frakcija. Najpogodniji je drobljeni kameni agregat razliite granulacije, sa
stepenom neravnomernosti Cu>15, koji se mehaniCkom stabilizacijom uspesno
nabija do zahtevane zbijenosti.

Nasipanje treba izvoditi u slojevima uz zbijanje svakog sloja pogodnim mehani¢kim
sredstvima do zahtevane zbijenosti. Zbijenost svakog sloja nakon zbijanja mora se
proveriti, ispitati, a sledeci sloj se nanosi samo ako je prethodni dao zadovoljavajuée
rezultate.

Nakon izbora sredstava za zbijanje i tehnologije odreduje se debljina slojeva za
zbijanje; u ovom slucaju preporucuje se 30 cm =10 cm.

Zbijanje materijala se obavlja odgovarajuéom mehanizacijom, od ivica ka sredini
nasipa i uz objekte.
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Za uslove fundiranja objekata u novom, kontrolisano nasutom i zbijenom nasipu,
proracuni nosivosti i sleganja uradeni su u programskom paketu Geo5. Rezultati
proracuna prikazani su u tabeli 1. Ovde prikazana sleganja su sleganja centriCnih
taCaka temelja. U proracunima u prilogu daju se sleganja i centricnih i ivicnih taCaka
za sve temelje.

Tabela 1. Rezultati analize uslova fundiranja za temelje objekata u okviru postrojenja za
proizvodnju kre¢a Zagrade

; Napon od Zahtevani Faktor
Temelj Dubina objekta modul sigurnosti u .
: . - ; " Sleganje
Objekat | dimenzije fun-nia materijala pogledu
l (¢ ot s (mm)
(m) max nosivosti
Df (m) (kPa) Mv
Fs

0108 12 x 22 2.3 600 40 MPa >>2.5 62.6

0110 9 x15.5 2.0 222 30/20 MPa >>2.5 40.1

0111 3.5x16.5 3.0 149 20 MPa >>2.5 16.1

0111 1.6x1.6 15 141 20 MPa >>2.5 8.0

0112 3.2x3.2 1.5 153 20 MPa >>2.5 17.2

0114 14.5x 34.6 5.0 307 30/20 MPa >>2.5 26.4
0116 8.3x12.3 1.8 43 20 MPa >>2.5 8.5
0116-C D=4.9 0.8 93.7 20 MPa >>2.5 14.8
0116-T 6 x6 35 148.3 20 MPa >>2.5 17.4

0117 1.2x15 2.0 138 20 MPa >>2.5 6.3

0202 2x2 2.0 151 20 MPa >>2.5 10.6

0203 25x25 2.0 230 20 MPa >>2.5 18.8
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u industrijskom kompleksu Ogranka RBB Bor
SERBIA ZIJIN BOR COPPER DOO BOR

Rezultati proraCuna pokazuju da su svi temelji stabilni u pogledu nosivosti i sleganja.
Dozvoljena nosivost krupnozrnog materijala (novog nasipa) je velika, kao i
dozvoljena nosivost za temeljne ploCe kod kojih se, zbog njihovih dimenzija, u obzir
uzima i uticaj ¢vrséih slojeva ispod nasipa. Ovo je potvrdeno velikim vrednostima
faktora sigurnosti u pogledu nosivosti, koji su znacajno veci od potrebnih, Fs >> 2.5.
Zbijanjem i/ili zamenom materijala ispod temelja postignuto je da sleganja budu u
granicama dozvoljenih.

Nasip ispod temelja vecine objekata treba zbijati do modula stisljivosti Mv>20 MPa.
Zavrsni sloj nasipa neposredno ispod temeljnih plo€a objekata 0110 i 0114 treba da
bude tampon sloj od materijala zbijenog do modula sti$ljivosti Mv>30 MPa, a za
temeljnu plo¢u objekta 0108 nasip ispod temelja treba bude zbijen do modula
stisljivosti Mv>40 MPa.

U praksi se kontrola zbijenosti slojeva nasipa na terenu sprovodi standardizovanim
opitima za ispitivanje deformabilnosti. NajCeSce je to opit kruznom ploCom sa
statickim optere¢enjem u skladu sa standardom SRPS U.B.1.047 ili opit pomocu
uredaja sa lakim padajucim tegom.
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Spread footing verification

Input data

Project

Task : 0108
Descript. : 12x22m
Date : 18.4.2022
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 32,00 0,00 20,00 11,00
3 izmenjen laporac >0 © 24,70 78,00 22,00 13,00
4 laporac © O © ] 3100 291,00 22,50 13,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : Pef = 32,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus : Egqef = 30,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
izmenjen laporac

Unit weight : y = 22,00 kN/m3
Angle of internal friction : Qe = 24,70°
Cohesion of soil : Cef = 78,00 kPa
Deformation modulus : Egqef = 78,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
laporac

Unit weight : y = 22,50 kN/m3
Angle of internal friction : oef = 31,00°
Cohesion of soil : Cef = 291,00 kPa
Deformation modulus : Egqef = 557,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
Foundation

Foundation type: centric spread footing

Depth from original ground surface h, = 2,30 m
Depth of footing bottom d =230 m
Foundation thickness t =150 m
Incl. of finished grade sy = 0,00 °
Incl. of footing bottom sp = 0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Material of structure

Unit weight y = 24,00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength fok = 30,00 MPa
Tensile strength foo = 2,90 MPa
Elasticity modulus Ecm = 33000,00 MPa
Longitudinal steel : B500

Yield strength fyk = 500,00 MPa

Transverse steel: B500
Yield strength fyk = 500,00 MPa

Geological profile and assigned soils

L
No. ayer Assigned soil Pattern
[m]
1 2,30 nasip 1
2 3,70 nasip 2 m
3 2,00 izmenjen laporac >0 ©
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Layer

No. (]

Assigned soil

Pattern

12,00 laporac

5 laporac

o<

%

Incompressible subsoil
Incompressible subsoil is at a depth of 8,00 m from the original terrain.

Global settings
Analysis type : analysis for drained conditions

Settings of the stage of construction
Design situation : permanent

Verification No. 1
Load case verification

ey ey Ry

[m] [m] [kPa] [kPa]

Utilization
[%]

(¢}
Name

Is satisfied

Load No. 1 0,00 0,00 600,00 11251,88 13,33

Yes

Analysis carried out with automatic selection of the most unfavourable load cases.

Computed weight of spread footing G
Computed weight of overburden  Z

9504,00 kN
3225,60 kN

Vertical bearing capacity check

Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)

Parameters of slip surface below foundation:
Depth of slip surface zgp, = 19,44 m

Length of slip surface Isp = 59,36 m

11251,88 kPa
600,00 kPa

Design bearing capacity of found.soil Ry
Extreme contact stress

(¢

Factor of safety = 18,75 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY

Horizontal bearing capacity check

Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq

Friction angle foundation-footing bottom
Cohesion foundation-footing bottom a
Horizontal bearing capacity Rqn, = 99439,41 kN
Extreme horizontal force H 0,00 kN

= 460,35 kN
32,00 °
0,00 kPa

Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is SATISFACTORY
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Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k4 (influence of foundation depth).
Analysis carried out with accounting for coefficient k5, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

Computed weight of spread footing G
Computed weight of overburden  Z

9504,00 kN
3225,60 kN

Settlement and rotation of foundation - partial results

Layer Origin End Thickness Edef Cor Ao, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm]
1 2,30 2,35 0,05 30,00 41,90 597,73 0,74
2 2,35 2,40 0,05 30,00 42,90 597,72 0,74
3 2,40 2,45 0,05 30,00 43,90 597,72 0,74
4 2,45 2,50 0,05 30,00 44,90 597,70 0,74
5 2,50 2,55 0,05 30,00 45,90 597,67 0,74
6 2,55 2,60 0,05 30,00 46,90 597,63 0,74
7 2,60 2,70 0,10 30,00 48,40 597,53 1,48
8 2,70 2,80 0,10 30,00 50,40 597,32 1,48
9 2,80 2,90 0,10 30,00 52,40 597,02 1,48
10 2,90 3,00 0,10 30,00 54,40 596,59 1,48
11 3,00 3,10 0,10 30,00 56,40 596,04 1,48
12 3,10 3,20 0,10 30,00 58,40 595,35 1,47
13 3,20 3,45 0,25 30,00 61,90 593,69 3,68
14 3,45 3,70 0,25 30,00 66,90 590,66 3,66
15 3,70 3,95 0,25 30,00 71,90 586,76 3,63
16 3,95 4,20 0,25 30,00 76,90 582,08 3,60
17 4,20 4,45 0,25 30,00 81,90 576,80 3,57
18 4,45 4,70 0,25 30,00 86,90 571,09 3,54
19 4,70 5,20 0,50 30,00 94,40 562,01 6,96
20 5,20 5,70 0,50 30,00 104,40 549,75 6,81
21 5,70 6,00 0,30 30,00 112,40 540,07 4,01
22 6,00 6,20 0,20 78,00 117,60 534,17 1,02
23 6,20 6,70 0,50 78,00 125,30 526,22 2,51
24 6,70 7,20 0,50 78,00 136,30 515,41 2,45
25 7,20 7,70 0,50 78,00 147,30 505,28 2,41
26 7,70 8,00 0,30 78,00 156,10 497,72 1,42
Settlement of mid point of edge x-1 = 31,4 mm
Settlement of mid point of edge x-2 = 31,4 mm
Settlement of mid point of edgey-1 = 32,5 mm
Settlement of mid point of edge y-2 = 32,5 mm
Settlement of foundation centre point = 62,6 mm
Settlement of characteristic point =494 mm

(1-max.compressed edge; 2-min.compressed edge)

Settlement and rotation of foundation - results

Foundation stiffness:
Computed weighted average modulus of deformation Egye = 45,64 MPa

I 4]
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Foundation in the longitudinal direction is rigid (k=1,41)
Foundation in the direction of width is deformable (k=0,23)

Overall settlement and rotation of foundation:
Foundation settlement 62,6 mm
Depth of influence zone = 5,70 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)

[GeoStructural Analysis - Spread Footing | version 5.16.11.0 | Copyright © 2013 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
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Name: |Soils Stage : 1

OG FG

nasip 1 W nasip 2

7 2 Y izmenjen laporac ¥ 2% laporac
o © o < o © o «
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Name : |Settlement

Stage : 1; Analysis: 1

G FG

Settlement and rotation of foundation - results

Foundation stiffness:

Average modulus of deformation Eget = 45,64 MPa
Foundation in the longitudinal direction is rigid (k=1,41)
Foundation in the direction of width is deformable (k=0,23)

Overall settlement and rotation of foundation:
Foundation settlement 62,6 mm
Depth of influence zone = 5,70 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)

11

a,z
ma,or
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Spread footing verification

Input data

Project

Task : 0110
Descript. : 9x15.5m
Date : 18.4.2022
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen laporac >0 © 24,70 78,00 22,00 13,00
4 laporac © O © ] 3100 291,00 22,50 13,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus : Egef = 22,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
izmenjen laporac

Unit weight : y = 22,00 kN/m3
Angle of internal friction : Qe = 24,70°
Cohesion of soil : Cef = 78,00 kPa
Deformation modulus : Egqef = 78,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
laporac

Unit weight : y = 22,50 kN/m3
Angle of internal friction : oef = 31,00°
Cohesion of soil : Cef = 291,00 kPa
Deformation modulus : Egqef = 557,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
Foundation

Foundation type: centric spread footing

Depth from original ground surface h, = 2,00 m
Depth of footing bottom d =200 m
Foundation thickness t =100 m
Incl. of finished grade sy = 0,00 °
Incl. of footing bottom sp = 0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Material of structure

Unit weight y = 24,00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength fok = 30,00 MPa
Tensile strength foo = 2,90 MPa
Elasticity modulus Ecm = 33000,00 MPa
Longitudinal steel : B500

Yield strength fyk = 500,00 MPa

Transverse steel: B500
Yield strength fyk = 500,00 MPa

Geological profile and assigned soils

L
No. ayer Assigned soil Pattern
[m]
1 2,00 nasip 1
2 1,00 nasip 2 %%
3 3,00 nasip 1
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Layer

No. (]

Assigned soil

Pattern

4 2,00 izmenjen laporac

5 - laporac

> o O

DAY
D

Incompressible subsoil
Incompressible subsoil is at a depth of 8,00 m from the original terrain.

Global settings
Analysis type : analysis for drained conditions

Settings of the stage of construction
Design situation : permanent

Verification No. 1
Load case verification

ey ey ) R4 Utilization
[m] [m] [kPa] [kPa] [%]

Name

Is satisfied

Load No. 1 0,00 0,00 222,00 9120,88 6,08

Yes

Analysis carried out with automatic selection of the most unfavourable load cases.

Computed weight of spread footing G
Computed weight of overburden  Z

Vertical bearing capacity check

Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)

3348,00 kN
2007,00 kN

Parameters of slip surface below foundation:
Depth of slip surface zgp, = 14,27 m

Length of slip surface Isp = 43,14 m

9120,88 kPa
222,00 kPa

Design bearing capacity of found.soil Ry
Extreme contact stress c

Factor of safety = 41,09 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY

Horizontal bearing capacity check

Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq = 209,25 kN

Friction angle foundation-footing bottom 30,00 °
Cohesion foundation-footing bottom a 0,00 kPa
Horizontal bearing capacity Rqp, = 18089,21 kN

Extreme horizontal force H 0,00 kN

Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is SATISFACTORY
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Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k4 (influence of foundation depth).
Analysis carried out with accounting for coefficient k5, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

3348,00 kN
2007,00 kN

Settlement and rotation of foundation - partial results

Computed weight of spread footing G
Computed weight of overburden  Z

Layer Origin End Thickness Edef Cor Ao, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm]
1 2,00 2,05 0,05 22,00 36,50 221,74 0,37
2 2,05 2,10 0,05 22,00 37,50 221,74 0,37
3 2,10 2,15 0,05 22,00 38,50 221,73 0,37
4 2,15 2,20 0,05 22,00 39,50 221,72 0,37
5 2,20 2,25 0,05 22,00 40,50 221,69 0,37
6 2,25 2,30 0,05 22,00 41,50 221,66 0,37
7 2,30 2,40 0,10 22,00 43,00 221,57 0,75
8 2,40 2,50 0,10 22,00 45,00 221,39 0,75
9 2,50 2,60 0,10 22,00 47,00 221,12 0,75
10 2,60 2,70 0,10 22,00 49,00 220,76 0,75
11 2,70 2,80 0,10 22,00 51,00 220,30 0,74
12 2,80 2,90 0,10 22,00 53,00 219,73 0,74
13 2,90 3,00 0,10 22,00 55,00 219,01 0,74
14 3,00 3,15 0,15 15,00 57,35 217,98 1,62
15 3,15 3,40 0,25 15,00 60,95 216,03 2,67
16 3,40 3,65 0,25 15,00 65,45 213,08 2,64
17 3,65 3,90 0,25 15,00 69,95 209,68 2,60
18 3,90 4,15 0,25 15,00 74,45 205,96 2,55
19 4,15 4,40 0,25 15,00 78,95 202,06 2,50
20 4,40 4,90 0,50 15,00 85,70 196,12 4,86
21 4,90 5,40 0,50 15,00 94,70 188,37 4,66
22 5,40 5,90 0,50 15,00 103,70 181,08 4,48
23 5,90 6,00 0,10 15,00 109,10 176,93 0,88
24 6,00 6,40 0,40 78,00 114,40 173,73 0,66
25 6,40 6,90 0,50 78,00 124,30 168,25 0,80
26 6,90 7,40 0,50 78,00 135,30 162,67 0,77
27 7,40 8,00 0,60 78,00 147,40 157,22 0,90
Settlement of mid point of edge x-1 = 20,3 mm
Settlement of mid point of edge x -2 = 20,3 mm
Settlement of mid pointofedgey-1 = 21,5 mm
Settlement of mid pointofedgey-2 = 21,5 mm
Settlement of foundation centre point = 40,1 mm
Settlement of characteristic point = 29,1 mm

(1-max.compressed edge; 2-min.compressed edge)

Settlement and rotation of foundation - results

Foundation stiffness:

I 4]
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Computed weighted average modulus of deformation Egef = 34,47 MPa

Foundation in the longitudinal direction is rigid (k=1,31)
Foundation in the direction of width is deformable (k=0,26)

Overall settlement and rotation of foundation:
Foundation settlement = 40,1 mm
Depth of influence zone = 6,00 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Name: |Soils Stage : 1

OG FG.

nasip 1 W nasip 2

7 2 Y izmenjen laporac ¥ 2% laporac
o © o < o © o «
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Name : |Settlement

Stage : 1; Analysis: 1

OG FG

/ 225 Samae

Settlement and rotation of foundation - results

Foundation stiffness:

Average modulus of deformation Eqef = 34,47 MPa

Foundation in the longitudinal direction is rigid (k=1,31)
Foundation in the direction of width is deformable (k=0,26)

Overall settlement and rotation of foundation:

Foundation settlement
Depth of influence zone

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Spread footing verification

Input data

Project

Task : 0111
Descript. : 3.5x16.5m
Date : 18.4.2022
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen pescar 4440 115,00 23,00 14,00
4  pescar ', 5270 697,00 23,50 14,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus :
Poisson's ratio :
Saturated unit weight :

izmenjen pescar

Unit weight :

Angle of internal friction :
Cohesion of soil :
Deformation modulus :
Poisson's ratio :
Saturated unit weight :

pescar
Unit weight :

Angle of internal friction :
Cohesion of sail :
Deformation modulus :
Poisson's ratio :
Saturated unit weight :

Foundation

Egef

Vsat

Pef
Cef
Edef

Vsat

Pef
Cef
Edef

Vsat

Foundation type: strip footing
Depth from original ground surface h, =
d

Depth of footing bottom
Foundation thickness
Incl. of finished grade

Incl. of footing bottom

t

$1
S2

15,00 MPa
0,30
21,00 kN/m3

23,00 kN/m3
44,40 °
115,00 kPa
430,00 MPa
0,30
24,00 kN/m3

23,50 kN/m3
52,70 °
697,00 kPa
4041,00 MPa
0,30
24,00 kN/m3

3,00 m
3,00 m
0,50 m
0,00 °
0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Geometry of structure

Foundation type: strip footing

Overall strip footing length

Strip footing width (x)

Column width in the direction of x

Volume of strip footing

6
3
0
1

50 m
50 m
50 m

,75 m3/m

Inserted loading is considered per unit length of continuous footing span.

Material of structure

Unit weight y = 24,00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength

Tensile strength
Elasticity modulus

Longitudinal steel : B500
Yield strength

Transverse steel: B500
Yield strength

fa = 30,00 MPa
f = 2,90 MPa
Eem = 33000,00 MPa

fyk = 500,00 MPa

fyk = 500,00 MPa
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Geological profile and assigned soils

No. Layer Assigned soil Pattern
[m]
1 3,00 nasip 1
2 3,00 nasip 2 %%
3 2,00 izmenjen pescar

Incompressible subsoil
Incompressible subsoil is at a depth of 8,00 m from the original terrain.

Global settings
Analysis type : analysis for drained conditions

Settings of the stage of construction
Design situation : permanent

Verification No. 1
Load case verification

S S = —
Name * Y ° d Utilization Is satisfied
[m] [m] [kPa] [kPa] [%]
Load No. 1 0,00 0,00 149,00 99240,26 0,38 Yes

Analysis carried out with automatic selection of the most unfavourable load cases.

42,00 kN/m
135,00 kN/m

Computed self weight of strip foundation G
Computed weight of overburden Z

Vertical bearing capacity check

Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)

Parameters of slip surface below foundation:
Depth of slip surface zg, = 10,48 m

Length of slip surface Isp = 42,26 m

99240,26 kPa
149,00 kPa

Design bearing capacity of found.soil Ry
Extreme contact stress c

Factor of safety = 666,04 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY

Horizontal bearing capacity check

Most severe load case No. 1. (Load No. 1)

Earth resistance: at rest

Design magnitude of earth resistance ~ Spq = 12,38 kN
Friction angle foundation-footing bottom = 30,00 °
Cohesion foundation-footing bottom a 0,00 kPa

Horizontal bearing capacity Rqp, = 313,46 kN
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Extreme horizontal force H = 0,00 kN

Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is SATISFACTORY

Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k4 (influence of foundation depth).
Analysis carried out with accounting for coefficient « (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

Computed self weight of strip foundation G = 42,00 kN/m
Computed weight of overburden Z = 135,00 kN/m
Settlement and rotation of foundation - partial results
Layer  Origin End Thickness Edef Oor Ac, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm)]
1 3,00 3,05 0,05 15,00 54,50 148,85 0,37
2 3,05 3,10 0,05 15,00 55,50 148,81 0,37
3 3,10 3,15 0,05 15,00 56,50 148,68 0,37
4 3,15 3,20 0,05 15,00 57,50 148,40 0,37
5 3,20 3,25 0,05 15,00 58,50 147,95 0,37
6 3,25 3,30 0,05 15,00 59,50 147,30 0,36
7 3,30 3,40 0,10 15,00 61,00 145,85 0,72
8 3,40 3,50 0,10 15,00 63,00 143,31 0,71
9 3,50 3,60 0,10 15,00 65,00 140,06 0,69
10 3,60 3,70 0,10 15,00 67,00 136,29 0,67
11 3,70 3,80 0,10 15,00 69,00 132,17 0,65
12 3,80 3,90 0,10 15,00 71,00 127,88 0,63
13 3,90 4,15 0,25 15,00 74,50 120,42 1,49
14 4,15 4,40 0,25 15,00 79,50 110,38 1,37
15 4,40 4,65 0,25 15,00 84,50 101,56 1,26
16 4,65 4,90 0,25 15,00 89,50 94,08 1,16
17 4,90 5,15 0,25 15,00 94,50 87,81 1,09
18 5,15 5,40 0,25 15,00 99,50 82,56 1,02
19 5,40 5,90 0,50 15,00 107,00 76,41 1,89
20 5,90 6,00 0,10 15,00 113,00 72,10 0,36
21 6,00 6,40 0,40 430,00 118,60 69,32 0,05
22 6,40 6,90 0,50 430,00 128,95 64,94 0,06
23 6,90 7,40 0,50 430,00 140,45 61,08 0,05
24 7,40 7,90 0,50 430,00 151,95 57,96 0,05
25 7,90 8,00 0,10 430,00 158,85 56,31 0,01
Settlement of mid point of longitudinal edge = 8,1 mm
Settlement of mid point of transverse edge 1 = 10,1 mm
Settlement of mid point of transverse edge 2 = 10,1 mm

(1-max.compressed edge; 2-min.compressed edge)

Settlement and rotation of foundation - results
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Foundation stiffness:

Computed weighted average modulus of deformation Egef = 131,37 MPa
Foundation in the longitudinal direction is deformable (k=0,73)
Foundation in the direction of width is rigid (k=31,40)

Overall settlement and rotation of foundation:
Foundation settlement 16,1 mm
Depth of influence zone = 5,00 m

Rotation in direction of width = 0,000 (tan*1000)
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Name : |Settlement

Stage : 1; Analysis: 1

OG FG

Settlement and rotation of foundation - results

Foundation stiffness:

Average modulus of deformation Eqef = 131,37 MPa
Foundation in the longitudinal direction is deformable (k=0,73)
Foundation in the direction of width is rigid (k=31,40)

Overall settlement and rotation of foundation:
Foundation settlement 16,1 mm
Depth of influence zone = 5,00 m

Rot. in direction of width = 0,000 (tan*1000)

—  Sigma,z

Sigma,or
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Spread footing verification

Input data

Project

Task : 0112
Descript. : 3.2x3.2m
Date : 18.4.2022
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen laporac >0 © 24,70 78,00 22,00 13,00
4 laporac © O © ] 3100 291,00 22,50 13,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
izmenjen laporac

Unit weight : y = 22,00 kN/m3
Angle of internal friction : Qe = 24,70°
Cohesion of soil : Cef = 78,00 kPa
Deformation modulus : Egqef = 78,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
laporac

Unit weight : y = 22,50 kN/m3
Angle of internal friction : oef = 31,00°
Cohesion of soil : Cef = 291,00 kPa
Deformation modulus : Egqef = 557,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
Foundation

Foundation type: centric spread footing

Depth from original ground surface h, = 1,50 m
Depth of footing bottom d =1,50 m
Foundation thickness t =020 m
Incl. of finished grade sy = 0,00 °
Incl. of footing bottom sp = 0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Material of structure

Unit weight y = 24,00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength fok = 30,00 MPa
Tensile strength foo = 2,90 MPa
Elasticity modulus Ecm = 33000,00 MPa
Longitudinal steel : B500

Yield strength fyk = 500,00 MPa

Transverse steel: B500
Yield strength fyk = 500,00 MPa

Geological profile and assigned soils

L
No. ayer Assigned soil Pattern
[m]
1 1,50 nasip 1
2 4,50 nasip 2 %%
3 2,50 izmenjen laporac >0 ©
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No. Layer Assigned soil Pattern
[m]
B
4 - laporac LY 2
Incompressible subsoil
Incompressible subsoil is at a depth of 8,50 m from the original terrain.
Global settings
Analysis type : analysis for drained conditions
Settings of the stage of construction
Design situation : permanent
Verification No. 1
Load case verification
e e R ilizati
Name * Y ° d Utilization Is satisfied
[m] [m] [kPa] [kPa] [%]
Load No. 1 0,00 0,00 153,00 1394,15 27,44 Yes
Analysis carried out with automatic selection of the most unfavourable load cases.
Computed weight of spread footing G = 49,15 kN
Computed weight of overburden  Z = 233,77 kN
Vertical bearing capacity check
Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)
Parameters of slip surface below foundation:
Depth of slip surface zg, = 4,95 m
Length of slip surface Isp = 14,80 m
Design bearing capacity of found.soil Ry = 1394,15 kPa
Extreme contact stress o = 153,00 kPa
Factor of safety = 9,11 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY
Horizontal bearing capacity check
Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq = 8,06 kN
Friction angle foundation-footing bottom = 30,00 °
Cohesion foundation-footing bottom a = 0,00 kPa
Horizontal bearing capacity Rqp, = 912,61 kN
Extreme horizontal force H = 0,00 kN
Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY
Bearing capacity of foundation is SATISFACTORY
I 3

[GeoStructural Analysis - Spread Footing | version 5.16.11.0 | Copyright © 2013 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]



0112

Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k4 (influence of foundation depth).
Analysis carried out with accounting for coefficient «, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

49,15 kN
233,77 kN

Settlement and rotation of foundation - partial results

Computed weight of spread footing G
Computed weight of overburden  Z

Layer  Origin End Thickness Edef Sor Ac, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm)]
1 1,50 1,55 0,05 15,00 27,50 152,48 0,38
2 1,55 1,60 0,05 15,00 28,50 152,43 0,38
3 1,60 1,65 0,05 15,00 29,50 152,27 0,38
4 1,65 1,70 0,05 15,00 30,50 151,95 0,38
5 1,70 1,75 0,05 15,00 31,50 151,41 0,37
6 1,75 1,80 0,05 15,00 32,50 150,62 0,37
7 1,80 1,90 0,10 15,00 34,00 148,82 0,74
8 1,90 2,00 0,10 15,00 36,00 145,62 0,72
9 2,00 2,10 0,10 15,00 38,00 141,43 0,70
10 2,10 2,20 0,10 15,00 40,00 136,46 0,68
11 2,20 2,30 0,10 15,00 42,00 130,91 0,65
12 2,30 2,40 0,10 15,00 44,00 125,02 0,62
13 2,40 2,65 0,25 15,00 47,50 114,51 1,42
14 2,65 2,90 0,25 15,00 52,50 100,12 1,24
15 2,90 3,15 0,25 15,00 57,50 87,25 1,08
16 3,15 3,40 0,25 15,00 62,50 76,24 0,94
17 3,40 3,65 0,25 15,00 67,50 67,03 0,83
18 3,65 3,90 0,25 15,00 72,50 59,38 0,74
19 3,90 4,40 0,50 15,00 80,00 50,62 1,25
20 4,40 4,90 0,50 15,00 90,00 41,60 1,03
21 4,90 5,40 0,50 15,00 100,00 35,14 0,87
22 5,40 5,90 0,50 15,00 110,00 30,37 0,75
23 5,90 6,00 0,10 15,00 116,00 28,00 0,14
24 6,00 6,40 0,40 78,00 121,40 26,42 0,10
25 6,40 6,90 0,50 78,00 131,30 23,91 0,11
26 6,90 7,90 1,00 78,00 147,80 20,81 0,20
27 7,90 8,50 0,60 78,00 165,40 18,19 0,10
Settlement of mid point of edge x-1 = 10,5 mm
Settlement of mid point of edge x-2 = 10,5 mm
Settlement of mid point of edgey-1 = 10,5 mm
Settlement of mid point of edgey-2 = 10,5 mm
Settlement of foundation centre point = 17,2 mm
Settlement of characteristic point = 12,0 mm

(1-max.compressed edge; 2-min.compressed edge)

Settlement and rotation of foundation - results

Foundation stiffness:
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Computed weighted average modulus of deformation Egef = 23,75 MPa

Foundation in the longitudinal direction is deformable (k=0,34)
Foundation in the direction of width is deformable (k=0,34)

Overall settlement and rotation of foundation:
Foundation settlement = 17,2 mm
Depth of influence zone = 7,00 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Name : |Settlement

Stage : 1; Analysis: 1

OG FG

Settlement and rotation of foundation - results

Foundation stiffness:

Average modulus of deformation Eqef = 23,75 MPa
Foundation in the longitudinal direction is deformable (k=0,34)
Foundation in the direction of width is deformable (k=0,34)

Overall settlement and rotation of foundation:
Foundation settlement 17,2 mm
Depth of influence zone = 7,00 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)

Sigma, z
Sigma,or
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Spread footing verification

Input data

Project

Task : 0114
Descript. : 14.5x34.6 m
Date : 18.4.2022
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen pescar 4440 115,00 23,00 14,00
4  pescar ', 5270 697,00 23,50 14,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus :
Poisson's ratio :
Saturated unit weight :

izmenjen pescar

Unit weight :

Angle of internal friction :
Cohesion of soil :
Deformation modulus :
Poisson's ratio :
Saturated unit weight :

pescar
Unit weight :

Angle of internal friction :
Cohesion of sail :
Deformation modulus :
Poisson's ratio :
Saturated unit weight :

Foundation

Egef

Vsat

Pef
Cef
Edef

Vsat

Pef
Cef
Edef

Vsat

22,00 MPa
0,30
21,00 kN/m3

23,00 kN/m3
44,40 °
115,00 kPa
430,00 MPa
0,30
24,00 kN/m3

23,50 kN/m3
52,70 °
697,00 kPa
4041,00 MPa
0,30
24,00 kN/m3

Foundation type: centric spread footing
Depth from original ground surface h,
d

Depth of footing bottom
Foundation thickness
Incl. of finished grade

Incl. of footing bottom

t

$1
S2

5,00 m
5,00 m
3,00 m
0,00 °
0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Geometry of structure

Foundation type: centric spread footing

Spread footing length
Spread footing width

Column width in the direction of x ¢y

X

Column width in the direction of y ¢, =
= 1505,10 m3

Spread footing volume
Material of structure

Unit weight y = 24,00 kN/m3

14,50
34,60

8,00
25,00

3333

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength

Tensile strength
Elasticity modulus

Longitudinal steel : B500
Yield strength

Transverse steel: B500
Yield strength

fa = 30,00 MPa
f = 2,90 MPa
Eem = 33000,00 MPa

fyk = 500,00 MPa

500,00 MPa

fyk
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Geological profile and assigned soils
No. L[a;;r Assigned soil Pattern
1 5,00 nasip 1
2 1,00 nasip 2 %%
3 1,00 nasip 1
4 2,00 izmenjen pescar
5 - pescar H

Incompressible subsoil
Incompressible subsoil is at a depth of 9,00 m from the original terrain.

Global settings
Analysis type : analysis for drained conditions

Settings of the stage of construction
Design situation : permanent

Verification No. 1
Load case verification

B B R S
Name x y o d UL Is satisfied
[m] [m] [kPa] [kPa] [%]
Load No. 1 0,00 0,00 307,00 429598,76 0,18 Yes

Analysis carried out with automatic selection of the most unfavourable load cases.

Computed weight of spread footing G
Computed weight of overburden  Z

Vertical bearing capacity check

Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)

36122,40 kN
10861,20 kN

Parameters of slip surface below foundation:
Depth of slip surface zg, = 43,41 m

Length of slip surface Isp = 175,06 m

Design bearing capacity of found.soil Ry
Extreme contact stress c

429598,76 kPa
307,00 kPa

Factor of safety = 1399,36 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY

Horizontal bearing capacity check

Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq = 3269,70 kN

Friction angle foundation-footing bottom 30,00 °
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Cohesion foundation-footing bottom a = 0,00 kPa

Horizontal bearing capacity Rgqn = 92193,53 kN
Extreme horizontal force H 0,00 kN

Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is SATISFACTORY

Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient x4 (influence of foundation depth).
Analysis carried out with accounting for coefficient k, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

Computed weight of spread footing G = 36122,40 kN
Computed weight of overburden  Z = 10861,20 kN

Settlement and rotation of foundation - partial results

Layer Origin End Thickness Edef Cor Aoy, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm]
1 5,00 5,05 0,05 22,00 90,50 306,62 0,52
2 5,05 5,10 0,05 22,00 91,50 306,62 0,52
3 5,10 5,15 0,05 22,00 92,50 306,62 0,52
4 5,15 5,20 0,05 22,00 93,50 306,61 0,52
5 5,20 5,25 0,05 22,00 94,50 306,60 0,52
6 5,25 5,30 0,05 22,00 95,50 306,59 0,52
7 5,30 5,40 0,10 22,00 97,00 306,56 1,04
8 5,40 5,50 0,10 22,00 99,00 306,50 1,03
9 5,50 5,60 0,10 22,00 101,00 306,41 1,03
10 5,60 5,70 0,10 22,00 103,00 306,28 1,03
11 5,70 5,80 0,10 22,00 105,00 306,11 1,03
12 5,80 5,90 0,10 22,00 107,00 305,89 1,03
13 5,90 6,00 0,10 22,00 109,00 305,61 1,03
14 6,00 6,15 0,15 15,00 111,35 305,20 2,27
15 6,15 6,40 0,25 15,00 114,95 304,40 3,77
16 6,40 6,65 0,25 15,00 119,45 303,15 3,75
17 6,65 6,90 0,25 15,00 123,95 301,67 3,73
18 6,90 7,00 0,10 15,00 127,10 300,53 1,49
19 7,00 7,15 0,15 430,00 129,73 299,66 0,08
20 7,15 7,40 0,25 430,00 134,33 298,23 0,13
21 7,40 7,90 0,50 430,00 142,95 295,43 0,26
22 7,90 8,40 0,50 430,00 154,45 291,70 0,25
23 8,40 8,90 0,50 430,00 165,95 288,06 0,25
24 8,90 9,00 0,10 430,00 172,85 285,95 0,05
Settlement of mid point of edge x-1 = 13,2 mm
Settlement of mid point of edge x -2 = 13,2 mm
Settlement of mid point of edgey-1 = 13,3 mm
Settlement of mid point of edgey-2 = 13,3 mm
Settlement of foundation centre point = 26,4 mm
Settlement of characteristic point =242 mm

I 4]
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(1-max.compressed edge; 2-min.compressed edge)

Settlement and rotation of foundation - results

Foundation stiffness:

Computed weighted average modulus of deformation Eger = 220,17 MPa
Foundation in the longitudinal direction is rigid (k=1,33)

Foundation in the direction of width is deformable (k=0,10)

Overall settlement and rotation of foundation:
Foundation settlement 26,4 mm
Depth of influence zone = 4,00 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Name: |Soils Stage : 1
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Name : Settlement Stage : 1; Analysis: 1

OG FG

Settlement and rotation of foundation - results

Foundation stiffness:

Average modulus of deformation Eqef = 220,17 MPa
Foundation in the longitudinal direction is rigid (k=1,33)
Foundation in the direction of width is deformable (k=0,10)

Overall settlement and rotation of foundation:
Foundation settlement 26,4 mm
Depth of influence zone = 4,00 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Spread footing verification

Input data

Project

Task : 0116
Descript. : 8.3x12.3 m
Date : 18.4.2022
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen laporac >0 © 24,70 78,00 22,00 13,00
4 laporac © O © ] 3100 291,00 22,50 13,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
izmenjen laporac

Unit weight : y = 22,00 kN/m3
Angle of internal friction : Qe = 24,70°
Cohesion of soil : Cef = 78,00 kPa
Deformation modulus : Egqef = 78,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
laporac

Unit weight : y = 22,50 kN/m3
Angle of internal friction : oef = 31,00°
Cohesion of soil : Cef = 291,00 kPa
Deformation modulus : Egqef = 557,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
Foundation

Foundation type: centric spread footing

Depth from original ground surface h, = 1,80 m
Depth of footing bottom d =1,80 m
Foundation thickness t =030 m
Incl. of finished grade sy = 0,00 °
Incl. of footing bottom sp = 0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Material of structure

Unit weight y = 24,00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength fok = 30,00 MPa
Tensile strength foo = 2,90 MPa
Elasticity modulus Ecm = 33000,00 MPa
Longitudinal steel : B500

Yield strength fyk = 500,00 MPa

Transverse steel: B500
Yield strength fyk = 500,00 MPa

Geological profile and assigned soils

L
No. ayer Assigned soil Pattern
[m]
1 1,80 nasip 1
2 4,20 nasip 2 %%
3 2,00 izmenjen laporac >0 ©
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No. Layer Assigned soil

[m]

Pattern

4 - laporac

o<

AN

Incompressible subsoil
Incompressible subsoil is at a depth of 8,00 m from the original terrain.

Global settings
Analysis type : analysis for drained conditions

Settings of the stage of construction
Design situation : permanent

Verification No. 1
Load case verification

e e R P
Name * Y ° d Utilization Is satisfied
[m] [m] [kPa] [kPa] [%]
Load No. 1 0,00 0,00 43,00 8575,40 1,25 Yes

Analysis carried out with automatic selection of the most unfavourable load cases.

Computed weight of spread footing G
Computed weight of overburden  Z

Vertical bearing capacity check

Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)

735,05 kN
2540,43 kN

Parameters of slip surface below foundation:
Depth of slip surface zgp, = 13,12 m

Length of slip surface Isp = 39,61 m

8575,40 kPa
43,00 kPa

Design bearing capacity of found.soil Ry
Extreme contact stress c

Factor of safety = 199,45 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY

Horizontal bearing capacity check

Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq = 54,80 kN

Friction angle foundation-footing bottom = 30,00 °
Cohesion foundation-footing bottom a 0,00 kPa
Horizontal bearing capacity Rqn, = 2589,06 kN

Extreme horizontal force H 0,00 kN

Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is SATISFACTORY
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Verification No. 1
Settlement and rotation of foundation - input data
Analysis carried out with automatic selection of the most unfavourable load cases.

Analysis carried out with accounting for coefficient k4 (influence of foundation depth).

Analysis carried out with accounting for coefficient «, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

Computed weight of spread footing G

Computed weight of overburden

735,05 kN
2540,43 kN

Settlement and rotation of foundation - partial results

Layer  Origin End Thickness Edef Sor Ac, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm]
1 1,80 1,85 0,05 15,00 32,90 42,78 0,11
2 1,85 1,90 0,05 15,00 33,90 42,78 0,11
3 1,90 1,95 0,05 15,00 34,90 42,78 0,11
4 1,95 2,00 0,05 15,00 35,90 42,78 0,11
5 2,00 2,05 0,05 15,00 36,90 42,77 0,11
6 2,05 2,10 0,05 15,00 37,90 42,76 0,11
7 2,10 2,20 0,10 15,00 39,40 42,74 0,21
8 2,20 2,30 0,10 15,00 41,40 42,69 0,21
9 2,30 2,40 0,10 15,00 43,40 42,62 0,21
10 2,40 2,50 0,10 15,00 45,40 42,53 0,21
11 2,50 2,60 0,10 15,00 47,40 42,41 0,21
12 2,60 2,70 0,10 15,00 49,40 42,27 0,21
13 2,70 2,95 0,25 15,00 52,90 41,94 0,52
14 2,95 3,20 0,25 15,00 57,90 41,35 0,51
15 3,20 3,45 0,25 15,00 62,90 40,63 0,50
16 3,45 3,70 0,25 15,00 67,90 39,81 0,49
17 3,70 3,95 0,25 15,00 72,90 38,92 0,48
18 3,95 4,20 0,25 15,00 77,90 38,00 0,47
19 4,20 4,70 0,50 15,00 85,40 36,60 0,91
20 4,70 5,20 0,50 15,00 95,40 34,80 0,86
21 5,20 5,70 0,50 15,00 105,40 33,12 0,82
22 5,70 6,00 0,30 15,00 113,40 31,89 0,47
23 6,00 6,20 0,20 78,00 118,60 31,16 0,06
24 6,20 6,70 0,50 78,00 126,30 30,22 0,14
25 6,70 7,20 0,50 78,00 137,30 28,97 0,14
26 7,20 8,00 0,80 78,00 151,60 27,57 0,21
Settlement of mid point of edge x-1 = 4,3 mm
Settlement of mid point of edge x-2 = 4,3 mm
Settlement of mid point of edgey-1 = 4,6 mm
Settlement of mid point of edgey-2 = 4,6 mm
Settlement of foundation centre point = 8,5 mm
Settlement of characteristic point = 6,1 mm
(1-max.compressed edge; 2-min.compressed edge)
Settlement and rotation of foundation - results
Foundation stiffness:
Computed weighted average modulus of deformation Egef = 31,71 MPa
Foundation in the longitudinal direction is deformable (k=0,05)
I 4]
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Foundation in the direction of width is deformable (k=0,02)

Overall settlement and rotation of foundation:
Foundation settlement 8,5 mm
Depth of influence zone = 6,20 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Name: |Soils Stage : 1

OG FG.

nasip 1 W nasip 2

7 2 Y izmenjen laporac ¥ 2% laporac
o © o < o © o «
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Name : |Settlement

Stage : 1; Analysis: 1

OG FG

Settlement and rotation of foundation - results

Foundation stiffness:

Average modulus of deformation Eqef = 31,71 MPa
Foundation in the longitudinal direction is deformable (k=0,05)
Foundation in the direction of width is deformable (k=0,02)

Overall settlement and rotation of foundation:
Foundation settlement 8,5 mm
Depth of influence zone = 6,20 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)

- S
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Spread footing verification

Input data

Project

Task : 0116 C-01
Descript. : D=4.9m
Date : 18.4.2022
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen laporac >0 © 24,70 78,00 22,00 13,00
4 laporac © O © ] 3100 291,00 22,50 13,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
izmenjen laporac

Unit weight : y = 22,00 kN/m3
Angle of internal friction : Qe = 24,70°
Cohesion of soil : Cef = 78,00 kPa
Deformation modulus : Egqef = 78,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
laporac

Unit weight : y = 22,50 kN/m3
Angle of internal friction : oef = 31,00°
Cohesion of soil : Cef = 291,00 kPa
Deformation modulus : Egqef = 557,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
Foundation

Foundation type: circular spread footing

Depth from original ground surface h, = 0,80 m
Depth of footing bottom d =080 m
Foundation thickness t =050 m
Incl. of finished grade sy = 0,00 °
Incl. of footing bottom sp = 0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Material of structure

Unit weight y = 24,00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength fok = 30,00 MPa
Tensile strength foo = 2,90 MPa
Elasticity modulus Ecm = 33000,00 MPa
Longitudinal steel : B500

Yield strength fyk = 500,00 MPa

Transverse steel: B500
Yield strength fyk = 500,00 MPa

Geological profile and assigned soils

L
No. ayer Assigned soil Pattern
[m]
1 0,80 nasip 1
2 5,20 nasip 2 m
3 2,00 izmenjen laporac >0 ©
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No. Layer Assigned soil

[m]

Pattern

4 - laporac

o<

AN

Incompressible subsoil
Incompressible subsoil is at a depth of 8,00 m from the original terrain.

Global settings
Analysis type : analysis for drained conditions

Settings of the stage of construction
Design situation : permanent

Verification No. 1
Load case verification

B B R P
Name * Y ° d Utilization Is satisfied
[m] [m] [kPa] [kPa] [%]
Load No. 1 0,00 0,00 93,70 1760,02 13,31 Yes

Analysis carried out with automatic selection of the most unfavourable load cases.

Computed weight of spread footing G
Computed weight of overburden  Z

Vertical bearing capacity check

Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)

226,29 kN
63,66 kN

Parameters of slip surface below foundation:
Depth of slip surface zg, = 7,30 m

Length of slip surface Isp = 21,43 m

1760,02 kPa
93,70 kPa

Design bearing capacity of found.soil Ry
Extreme contact stress c

Factor of safety = 18,78 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY

Horizontal bearing capacity check

Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq = 12,13 kN

Friction angle foundation-footing bottom = 30,00 °
Cohesion foundation-footing bottom a 0,00 kPa
Horizontal bearing capacity Rqp, = 1032,22 kN

Extreme horizontal force H 0,00 kN

Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is SATISFACTORY
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Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k4 (influence of foundation depth).
Analysis carried out with accounting for coefficient «, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

Computed weight of spread footing G = 226,29 kN
Computed weight of overburden  Z 63,66 kN

Settlement and rotation of foundation - partial results

Layer  Origin End Thickness Edef Sor Ac, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm]
1 0,80 0,85 0,05 15,00 14,90 93,20 0,23
2 0,85 0,90 0,05 15,00 15,90 92,87 0,23
3 0,90 0,95 0,05 15,00 16,90 91,91 0,23
4 0,95 1,00 0,05 15,00 17,90 90,22 0,22
5 1,00 1,05 0,05 15,00 18,90 87,86 0,22
6 1,05 1,10 0,05 15,00 19,90 85,03 0,21
7 1,10 1,20 0,10 15,00 21,40 80,35 0,40
8 1,20 1,30 0,10 15,00 23,40 74,20 0,37
9 1,30 1,40 0,10 15,00 25,40 68,60 0,34
10 1,40 1,50 0,10 15,00 27,40 63,74 0,32
11 1,50 1,60 0,10 15,00 29,40 59,60 0,30
12 1,60 1,70 0,10 15,00 31,40 56,09 0,28
13 1,70 1,95 0,25 15,00 34,90 51,32 0,64
14 1,95 2,20 0,25 15,00 39,90 45,86 0,57
15 2,20 2,45 0,25 15,00 44,90 41,74 0,52
16 2,45 2,70 0,25 15,00 49,90 38,46 0,48
17 2,70 2,95 0,25 15,00 54,90 35,73 0,44
18 2,95 3,20 0,25 15,00 59,90 33,39 0,41
19 3,20 3,70 0,50 15,00 67,40 30,50 0,76
20 3,70 4,20 0,50 15,00 77,40 27,24 0,67
21 4,20 4,70 0,50 15,00 87,40 24,59 0,61
22 4,70 5,20 0,50 15,00 97,40 22,41 0,55
23 5,20 5,70 0,50 15,00 107,40 20,58 0,51
24 5,70 6,00 0,30 15,00 115,40 19,32 0,29
25 6,00 6,20 0,20 78,00 120,60 18,61 0,04
26 6,20 7,20 1,00 78,00 133,80 17,19 0,16
27 7,20 7,60 0,40 78,00 149,21 15,71 0,03
Settlement of mid point of edge x-1 = 8,6 mm
Settlement of mid point of edge x-2 = 8,6 mm
Settlement of mid point of edgey-1 = 8,6 mm
Settlement of mid point of edgey-2 = 8,6 mm
Settlement of foundation centre point = 14,8 mm
Settlement of characteristic point = 10,0 mm

Settlement and rotation of foundation - results

Foundation stiffness:
Computed weighted average modulus of deformation Egef = 23,30 MPa

Foundation is rigid (k=1,50)

I 4]
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Max. compress. foundation edge settlement = 8,6 mm
Min. compress. foundation edge settlement = 8,6 mm

Overall settlement and rotation of foundation:
Foundation settlement = 10,0 mm
Depth of influence zone = 6,80 m

Max. rotation of foundation = 0,000 (tan*1000)
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Name: |Soils Stage : 1

OG FG

nasip 1 W nasip 2

7 2 Y izmenjen laporac ¥ 2% laporac
o © o < o © o «
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Name : |Settlement

Stage : 1; Analysis: 1

0OG FG

Settlement and rotation of foundation - results

Foundation stiffness:
Average modulus of deformation Eqef = 23,30 MPa

Foundation is rigid (k=1,50)

Max. compress. foundation edge settlement = 8,6 mm
Min. compress. foundation edge settlement = 8,6 mm

Overall settlement and rotation of foundation:
Foundation settlement = 10,0 mm
Depth of influence zone = 6,80 m

Max. rotation of foundation = 0,000 (tan*1000)

— Sigma,z

Sigma,or
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Spread footing verification

Input data

Project

Task : 0116 T-02
Descript. : 6 x6 m
Date : 18.4.2022
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen laporac >0 © 24,70 78,00 22,00 13,00
4 laporac © O © ] 3100 291,00 22,50 13,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
izmenjen laporac

Unit weight : y = 22,00 kN/m3
Angle of internal friction : Qe = 24,70°
Cohesion of soil : Cef = 78,00 kPa
Deformation modulus : Egqef = 78,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
laporac

Unit weight : y = 22,50 kN/m3
Angle of internal friction : oef = 31,00°
Cohesion of soil : Cef = 291,00 kPa
Deformation modulus : Egqef = 557,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
Foundation

Foundation type: centric spread footing

Depth from original ground surface h, = 3,50 m
Depth of footing bottom d =350m
Foundation thickness t =050 m
Incl. of finished grade sy = 0,00 °
Incl. of footing bottom sp = 0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Material of structure

Unit weight y = 24,00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength fok = 30,00 MPa
Tensile strength foo = 2,90 MPa
Elasticity modulus Ecm = 33000,00 MPa
Longitudinal steel : B500

Yield strength fyk = 500,00 MPa

Transverse steel: B500
Yield strength fyk = 500,00 MPa

Geological profile and assigned soils

L
No. ayer Assigned soil Pattern
[m]
1 3,50 nasip 1
2 2,50 nasip 2 %%
3 2,00 izmenjen laporac >0 ©
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No. Layer Assigned soil Pattern
[m]
B
4 - laporac LY 2
Incompressible subsoil
Incompressible subsoil is at a depth of 8,00 m from the original terrain.
Global settings
Analysis type : analysis for drained conditions
Settings of the stage of construction
Design situation : permanent
Verification No. 1
Load case verification
e e R ilizati
Name * Y ° d Utilization Is satisfied
[m] [m] [kPa] [kPa] [%]
Load No. 1 0,00 0,00 148,30 9651,78 3,84 Yes
Analysis carried out with automatic selection of the most unfavourable load cases.
Computed weight of spread footing G = 432,00 kN
Computed weight of overburden  Z = 1728,00 kN
Vertical bearing capacity check
Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)
Parameters of slip surface below foundation:
Depth of slip surface zgp = 9,40 m
Length of slip surface Isp = 28,25 m
Design bearing capacity of found.soil Ry = 9651,78 kPa
Extreme contact stress c = 148,30 kPa
Factor of safety = 65,08 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY
Horizontal bearing capacity check
Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq = 87,75 kN
Friction angle foundation-footing bottom = 30,00 °
Cohesion foundation-footing bottom a = 0,00 kPa
Horizontal bearing capacity Rqp, = 3170,11 kN
Extreme horizontal force H = 0,00 kN
Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY
Bearing capacity of foundation is SATISFACTORY
I 3
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Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k4 (influence of foundation depth).
Analysis carried out with accounting for coefficient «, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

Computed weight of spread footing G 432,00 kN
Computed weight of overburden  Z = 1728,00 kN

Settlement and rotation of foundation - partial results

Layer  Origin End Thickness Edef Sor Ac, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm)]
1 3,50 3,55 0,05 15,00 63,50 148,11 0,37
2 3,55 3,60 0,05 15,00 64,50 148,10 0,37
3 3,60 3,65 0,05 15,00 65,50 148,08 0,37
4 3,65 3,70 0,05 15,00 66,50 148,03 0,37
5 3,70 3,75 0,05 15,00 67,50 147,94 0,37
6 3,75 3,80 0,05 15,00 68,50 147,80 0,37
7 3,80 3,90 0,10 15,00 70,00 147,48 0,73
8 3,90 4,00 0,10 15,00 72,00 146,84 0,73
9 4,00 4,10 0,10 15,00 74,00 145,91 0,72
10 4,10 4,20 0,10 15,00 76,00 144,67 0,72
11 4,20 4,30 0,10 15,00 78,00 143,12 0,71
12 4,30 4,40 0,10 15,00 80,00 141,27 0,70
13 4,40 4,65 0,25 15,00 83,50 137,23 1,70
14 4,65 4,90 0,25 15,00 88,50 130,69 1,62
15 4,90 5,15 0,25 15,00 93,50 123,49 1,53
16 5,15 5,40 0,25 15,00 98,50 116,22 1,44
17 5,40 5,65 0,25 15,00 103,50 109,26 1,35
18 5,65 5,90 0,25 15,00 108,50 102,82 1,27
19 5,90 6,00 0,10 15,00 112,00 98,70 0,49
20 6,00 6,40 0,40 78,00 117,40 93,47 0,36
21 6,40 6,90 0,50 78,00 127,30 85,14 0,41
22 6,90 7,40 0,50 78,00 138,30 77,68 0,37
23 7,40 7,90 0,50 78,00 149,30 71,71 0,34
24 7,90 8,00 0,10 78,00 155,90 68,61 0,07
Settlement of mid pointofedge x-1 = 9,3 mm
Settlement of mid point of edge x-2 = 9,3 mm
Settlement of mid point of edgey-1 = 9,3 mm
Settlement of mid point of edgey-2 = 9,3 mm
Settlement of foundation centre point = 17,4 mm
Settlement of characteristic point = 12,3 mm

(1-max.compressed edge; 2-min.compressed edge)

Settlement and rotation of foundation - results

Foundation stiffness:

Computed weighted average modulus of deformation Egef = 36,08 MPa
Foundation in the longitudinal direction is deformable (k=0,53)
Foundation in the direction of width is deformable (k=0,53)
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Overall settlement and rotation of foundation:
Foundation settlement 17,4 mm
Depth of influence zone = 4,50 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Name: |Soils Stage : 1

OG FG.

nasip 1 W nasip 2

7 2 Y izmenjen laporac ¥ 2% laporac
o © o < o © o «
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Name : |Settlement

Stage : 1; Analysis: 1

OG FG

Sigma, z
/————— Sigma, or
Settlement and rotation of foundation - results

Foundation stiffness:

Average modulus of deformation Eq¢f = 36,08 MPa
Foundation in the longitudinal direction is deformable (k=0,53)
Foundation in the direction of width is deformable (k=0,53)

Overall settlement and rotation of foundation:
Foundation settlement 17,4 mm
Depth of influence zone = 4,50 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Spread footing verification

Input data

Project

Task : 0117

Descript. : Temeljsamac 1.2x1.5m
Date : 18.4.2022

Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen laporac >0 © 24,70 78,00 22,00 13,00
4 laporac © O © ] 3100 291,00 22,50 13,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
izmenjen laporac

Unit weight : y = 22,00 kN/m3
Angle of internal friction : Qe = 24,70°
Cohesion of soil : Cef = 78,00 kPa
Deformation modulus : Egqef = 78,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
laporac

Unit weight : y = 22,50 kN/m3
Angle of internal friction : oef = 31,00°
Cohesion of soil : Cef = 291,00 kPa
Deformation modulus : Egqef = 557,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 23,00 kN/m3
Foundation

Foundation type: centric spread footing

Depth from original ground surface h, = 2,00 m
Depth of footing bottom d =200 m
Foundation thickness t =030 m
Incl. of finished grade sy = 0,00 °
Incl. of footing bottom sp = 0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Material of structure

Unit weight y = 24,00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength fok = 30,00 MPa
Tensile strength foo = 2,90 MPa
Elasticity modulus Ecm = 33000,00 MPa
Longitudinal steel : B500

Yield strength fyk = 500,00 MPa

Transverse steel: B500
Yield strength fyk = 500,00 MPa

Geological profile and assigned soils

L
No. ayer Assigned soil Pattern
[m]
1 2,00 nasip 1
2 4,00 nasip 2 %%
3 2,00 izmenjen laporac >0 ©
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No. Layer Assigned soil Pattern
[m]
B
4 - laporac LY 2
Incompressible subsoil
Incompressible subsoil is at a depth of 8,00 m from the original terrain.
Global settings
Analysis type : analysis for drained conditions
Settings of the stage of construction
Design situation : permanent
Verification No. 1
Load case verification
e e R ilizati
Name * Y ° d Utilization Is satisfied
[m] [m] [kPa] [kPa] [%]
Load No. 1 0,00 0,00 138,00 1176,27 29,33 Yes
Analysis carried out with automatic selection of the most unfavourable load cases.
Computed weight of spread footing G = 12,96 kN
Computed weight of overburden  Z = 45,90 kN
Vertical bearing capacity check
Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)
Parameters of slip surface below foundation:
Depth of slip surface zg, = 1,90 m
Length of slip surface Isp = 5,75 m
Design bearing capacity of found.soil Ry = 1176,27 kPa
Extreme contact stress o = 138,00 kPa
Factor of safety = 8,52 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY
Horizontal bearing capacity check
Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq = 7,49 kN
Friction angle foundation-footing bottom = 30,00 °
Cohesion foundation-footing bottom a = 0,00 kPa
Horizontal bearing capacity Rqp, = 150,91 kN
Extreme horizontal force H = 0,00 kN
Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY
Bearing capacity of foundation is SATISFACTORY
I 3
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Verification No. 1

Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k4 (influence of foundation depth).

Analysis carried out with accounting for coefficient «, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

Computed weight of spread footing G
Computed weight of overburden

V4
Settlement and rotation of foundation - partial results

12,96 kN
45,90 kN

Layer  Origin End Thickness Edef Oor Ac, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm]
1 2,00 2,05 0,05 15,00 36,50 137,46 0,34
2 2,05 2,10 0,05 15,00 37,50 128,02 0,32
3 2,10 2,15 0,05 15,00 38,50 112,27 0,28
4 2,15 2,20 0,05 15,00 39,50 97,17 0,24
5 2,20 2,25 0,05 15,00 40,50 85,25 0,21
6 2,25 2,30 0,05 15,00 41,50 76,19 0,19
7 2,30 2,40 0,10 15,00 43,00 66,62 0,33
8 2,40 2,50 0,10 15,00 45,00 56,98 0,28
9 2,50 2,60 0,10 15,00 47,00 49,85 0,25
10 2,60 2,70 0,10 15,00 49,00 44,14 0,22
11 2,70 2,80 0,10 15,00 51,00 39,36 0,19
12 2,80 2,90 0,10 15,00 53,00 35,28 0,17
13 2,90 3,15 0,25 15,00 56,50 29,68 0,37
14 3,15 3,40 0,25 15,00 61,50 23,35 0,29
15 3,40 3,65 0,25 15,00 66,50 18,80 0,23
16 3,65 3,90 0,25 15,00 71,50 15,50 0,19
17 3,90 4,15 0,25 15,00 76,50 13,05 0,16
18 4,15 4,40 0,25 15,00 81,50 11,20 0,14
19 4,40 4,71 0,31 15,00 87,09 9,71 0,09
Settlement of mid point of edge x-1 = 3,8 mm
Settlement of mid point of edge x-2 = 3,8 mm
Settlement of mid point of edgey-1 = 4,1 mm
Settlement of mid point of edgey-2 = 4,1 mm
Settlement of foundation centre point = 6,3 mm
Settlement of characteristic point =45 mm
(1-max.compressed edge; 2-min.compressed edge)
Settlement and rotation of foundation - results
Foundation stiffness:
Computed weighted average modulus of deformation Egef = 15,00 MPa
Foundation in the longitudinal direction is rigid (k=34,37)
Foundation in the direction of width is rigid (k=17,60)
Overall settlement and rotation of foundation:
Foundation settlement = 4,5 mm
Depth of influence zone = 2,71 m
Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
I 4]
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Name: |Soils Stage : 1

OG FG

nasip 1 W nasip 2

7 2 Y izmenjen laporac ¥ 2% laporac
o © o < o © o «
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Name : Settlement Stage : 1; Analysis: 1

OG FG

/ — Sigma,z
e Sigma,or

Settlement and rotation of foundation - results

Foundation stiffness:

Average modulus of deformation Eqef = 15,00 MPa
Foundation in the longitudinal direction is rigid (k=34,37)
Foundation in the direction of width is rigid (k=17,60)

Overall settlement and rotation of foundation:
Foundation settlement 4.5 mm
Depth of influence zone = 2,71 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Spread footing verification

Input data

Project

Task : 0202

Descript. : temeljsamac2x2m
Date : 18.4.2022

Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen pescar 4440 115,00 23,00 14,00
4  pescar ', 5270 697,00 23,50 14,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
izmenjen pescar

Unit weight : y = 23,00 kN/m3
Angle of internal friction : Pef = 4440°
Cohesion of soil : Cef = 115,00 kPa
Deformation modulus : Egqef = 430,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 24,00 kN/m3
pescar

Unit weight : y = 23,50 kN/m3
Angle of internal friction : Qef = 52,70 °
Cohesion of soil : Cef = 697,00 kPa
Deformation modulus : Eget = 4041,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Yeat = 24,00 kN/m3
Foundation

Foundation type: centric spread footing

Depth from original ground surface h, = 2,00 m
Depth of footing bottom d =200 m
Foundation thickness t =030 m
Incl. of finished grade sy = 0,00 °
Incl. of footing bottom sp = 0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Material of structure

Unit weight y = 24,00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength fok = 30,00 MPa
Tensile strength foo = 2,90 MPa
Elasticity modulus Ecm = 33000,00 MPa
Longitudinal steel : B500

Yield strength fyk = 500,00 MPa

Transverse steel: B500
Yield strength fyk = 500,00 MPa

Geological profile and assigned soils

L
No. ayer Assigned soil Pattern
[m]
1 2,00 nasip 1
2 4,00 nasip 2 %%
3 2,00 izmenjen pescar B
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No. Layer Assigned soil

[m]

Pattern

4 - pescar

R

Incompressible subsoil
Incompressible subsoil is at a depth of 8,00 m from the original terrain.

Global settings
Analysis type : analysis for drained conditions

Settings of the stage of construction
Design situation : permanent

Verification No. 1
Load case verification

e e R ilizati
Name x y o d L2 Is satisfied
[m] [m] [kPa] [kPa] [%]
Load No. 1 0,00 0,00 151,00 1297,11 29,10 Yes

Analysis carried out with automatic selection of the most unfavourable load cases.

Computed weight of spread footing G
Computed weight of overburden  Z

Vertical bearing capacity check

Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)

28,80 kN
114,75 kN

Parameters of slip surface below foundation:
Depth of slip surface zgp, = 3,17 m

Length of slip surface Isp = 9,59 m

1297,11 kPa
151,00 kPa

Design bearing capacity of found.soil Ry
Extreme contact stress c

Factor of safety = 8,59 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY

Horizontal bearing capacity check

Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq = 9,99 kN

Friction angle foundation-footing bottom = 30,00 °
Cohesion foundation-footing bottom a 0,00 kPa
Horizontal bearing capacity Rqn, = 358,72 kN

Extreme horizontal force H 0,00 kN

Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is SATISFACTORY
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Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k4 (influence of foundation depth).
Analysis carried out with accounting for coefficient «, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

28,80 kN
114,75 kN

Settlement and rotation of foundation - partial results

Computed weight of spread footing G
Computed weight of overburden  Z

Layer  Origin End Thickness Edef Oor Ac, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm)]
1 2,00 2,05 0,05 15,00 36,50 150,42 0,37
2 2,05 2,10 0,05 15,00 37,50 146,12 0,36
3 2,10 2,15 0,05 15,00 38,50 136,74 0,34
4 2,15 2,20 0,05 15,00 39,50 124,79 0,31
5 2,20 2,25 0,05 15,00 40,50 113,07 0,28
6 2,25 2,30 0,05 15,00 41,50 102,83 0,25
7 2,30 2,40 0,10 15,00 43,00 91,06 0,45
8 2,40 2,50 0,10 15,00 45,00 78,98 0,39
9 2,50 2,60 0,10 15,00 47,00 70,26 0,35
10 2,60 2,70 0,10 15,00 49,00 63,56 0,31
11 2,70 2,80 0,10 15,00 51,00 58,13 0,29
12 2,80 2,90 0,10 15,00 53,00 53,54 0,27
13 2,90 3,15 0,25 15,00 56,50 47,11 0,58
14 3,15 3,40 0,25 15,00 61,50 39,49 0,49
15 3,40 3,65 0,25 15,00 66,50 33,57 0,42
16 3,65 3,90 0,25 15,00 71,50 28,90 0,36
17 3,90 4,15 0,25 15,00 76,50 25,19 0,31
18 4,15 4,40 0,25 15,00 81,50 22,22 0,28
19 4,40 4,90 0,50 15,00 89,00 18,94 0,47
20 4,90 5,40 0,50 15,00 99,00 15,64 0,39
21 5,40 5,90 0,50 15,00 109,00 13,33 0,33
22 5,90 6,00 0,10 15,00 115,00 12,22 0,06
23 6,00 6,09 0,09 430,00 117,05 11,94 0,00
Settlement of mid point ofedge x-1 = 6,7 mm
Settlement of mid point of edge x-2 = 6,7 mm
Settlement of mid point of edgey-1 = 6,7 mm
Settlement of mid point of edgey-2 = 6,7 mm
Settlement of foundation centre point = 10,6 mm
Settlement of characteristic point = 7,7 mm

(1-max.compressed edge; 2-min.compressed edge)

Settlement and rotation of foundation - results

Foundation stiffness:
Computed weighted average modulus of deformation Egef = 24,80 MPa

Foundation in the longitudinal direction is rigid (k=4,49)
Foundation in the direction of width is rigid (k=4,49)

Overall settlement and rotation of foundation:

I 4]
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Foundation settlement 7,7 mm
Depth of influence zone = 4,09 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Name: |Soils Stage : 1
OG FG
I |
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Name : Settlement Stage : 1; Analysis: 1

OG FG

Sigma,z
Sigma,or

Settlement and rotation of foundation - results

Foundation stiffness:

Average modulus of deformation Eqef = 24,80 MPa
Foundation in the longitudinal direction is rigid (k=4,49)
Foundation in the direction of width is rigid (k=4,49)

Overall settlement and rotation of foundation:
Foundation settlement 7,7 mm
Depth of influence zone = 4,09 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)
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Spread footing verification

Input data

Project

Task : 0203

Descript. : temeljsamac2.5x2.5m
Date : 18.4.2022

Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10,0 [%)]
Spread Footing

Analysis for drained conditions : Standard approach
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor for vertical bearing capacity : SF, = 2,50 []
Safety factor for sliding resistance : SFy = 1,50 [-]
Basic soil parameters
c
No. Name Pattern i of L fsu o
[°1 [kPa] [kN/m3] [kN/m3] [°1
1 nasip 1 30,00 0,00 18,00 11,00
2 nasip 2 DA 30,00 0,00 20,00 11,00
3 izmenjen pescar 4440 115,00 23,00 14,00
4  pescar ', 5270 697,00 23,50 14,00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

nasip 1

Unit weight : y = 18,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
nasip 2

Unit weight : y = 20,00 kN/m3
Angle of internal friction : pef = 30,00°
Cohesion of soil : Cef = 0,00 kPa
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Deformation modulus : Egef = 15,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 21,00 kN/m3
izmenjen pescar

Unit weight : y = 23,00 kN/m3
Angle of internal friction : Pef = 4440°
Cohesion of soil : Cef = 115,00 kPa
Deformation modulus : Egqef = 430,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Ysat = 24,00 kN/m3
pescar

Unit weight : y = 23,50 kN/m3
Angle of internal friction : Qef = 52,70 °
Cohesion of soil : Cef = 697,00 kPa
Deformation modulus : Eget = 4041,00 MPa
Poisson's ratio : v = 0,30
Saturated unit weight : Yeat = 24,00 kN/m3
Foundation

Foundation type: centric spread footing

Depth from original ground surface h, = 2,00 m
Depth of footing bottom d =200 m
Foundation thickness t =030 m
Incl. of finished grade sy = 0,00 °
Incl. of footing bottom sp = 0,00 °

Unit weight of soil above foundation = 18,00 kN/m3

Material of structure

Unit weight y = 24,00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 30/37

Cylinder compressive strength fok = 30,00 MPa
Tensile strength foo = 2,90 MPa
Elasticity modulus Ecm = 33000,00 MPa
Longitudinal steel : B500

Yield strength fyk = 500,00 MPa

Transverse steel: B500
Yield strength fyk = 500,00 MPa

Geological profile and assigned soils

L
No. ayer Assigned soil Pattern
[m]
1 2,00 nasip 1
2 3,50 nasip 2 m
3 1,50 izmenjen pescar B
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No. Layer Assigned soil

[m]

Pattern

4 - pescar

R

Incompressible subsoil
Incompressible subsoil is at a depth of 7,00 m from the original terrain.

Global settings
Analysis type : analysis for drained conditions

Settings of the stage of construction
Design situation : permanent

Verification No. 1
Load case verification

S S = —
Name * Y ° d Utilization Is satisfied
[m] [m] [kPa] [kPa] [%]
Load No. 1 0,00 0,00 230,00 5109,71 11,25 Yes

Analysis carried out with automatic selection of the most unfavourable load cases.

Computed weight of spread footing G
Computed weight of overburden  Z

Vertical bearing capacity check

Shape of contact stress : rectangle
Most severe load case No. 1. (Load No. 1)

45,00 kN
183,60 kN

Parameters of slip surface below foundation:
Depth of slip surface zg, = 4,76 m

Length of slip surface Isp = 15,70 m

5109,71 kPa
230,00 kPa

Design bearing capacity of found.soil Ry
Extreme contact stress c

Factor of safety = 22,22 > 2,50
Bearing capacity in the vertical direction is SATISFACTORY

Horizontal bearing capacity check

Most severe load case No. 1. (Load No. 1)
Earth resistance: at rest
Design magnitude of earth resistance ~ Spq = 12,49 kN

Friction angle foundation-footing bottom = 30,00 °
Cohesion foundation-footing bottom a 0,00 kPa
Horizontal bearing capacity Rq, = 842,43 kN

Extreme horizontal force H 0,00 kN

Factor of safety = 1000,00 > 1,50
Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is SATISFACTORY

[GeoStructural Analysis - Spread Footing | version 5.16.11.0 | Copyright © 2013 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
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Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k4 (influence of foundation depth).
Analysis carried out with accounting for coefficient «, (influence of incompressible subsoil).
Stress at the footing bottom considered from the finished grade.

45,00 kN
183,60 kN

Settlement and rotation of foundation - partial results

Computed weight of spread footing G
Computed weight of overburden  Z

Layer  Origin End Thickness Edef Oor Ac, Settlement
No. [m] [m] [m] [MPa] [kPa] [kPa] [mm)]
1 2,00 2,05 0,05 15,00 36,50 229,36 0,57
2 2,05 2,10 0,05 15,00 37,50 229,20 0,57
3 2,10 2,15 0,05 15,00 38,50 228,71 0,57
4 2,15 2,20 0,05 15,00 39,50 227,70 0,56
5 2,20 2,25 0,05 15,00 40,50 226,05 0,56
6 2,25 2,30 0,05 15,00 41,50 223,69 0,55
7 2,30 2,40 0,10 15,00 43,00 218,52 1,08
8 2,40 2,50 0,10 15,00 45,00 209,73 1,04
9 2,50 2,60 0,10 15,00 47,00 198,94 0,99
10 2,60 2,70 0,10 15,00 49,00 186,92 0,93
11 2,70 2,80 0,10 15,00 51,00 174,40 0,86
12 2,80 2,90 0,10 15,00 53,00 161,96 0,80
13 2,90 3,15 0,25 15,00 56,50 142,03 1,76
14 3,15 3,40 0,25 15,00 61,50 117,18 1,45
15 3,40 3,65 0,25 15,00 66,50 97,59 1,21
16 3,65 3,90 0,25 15,00 71,50 82,54 1,02
17 3,90 4,15 0,25 15,00 76,50 70,99 0,88
18 4,15 4,40 0,25 15,00 81,50 62,06 0,77
19 4,40 4,90 0,50 15,00 89,00 52,56 1,30
20 4,90 5,40 0,50 15,00 99,00 43,26 1,07
21 5,40 5,50 0,10 15,00 105,00 39,01 0,19
22 5,50 5,90 0,40 430,00 110,60 36,39 0,03
23 5,90 6,40 0,50 430,00 120,95 32,35 0,03
24 6,40 6,90 0,50 430,00 132,45 28,92 0,02
25 6,90 7,00 0,10 430,00 139,35 27,20 0,00
Settlement of mid point of edge x-1 = 11,6 mm
Settlement of mid point of edge x-2 = 11,6 mm
Settlement of mid point of edgey-1 = 11,6 mm
Settlement of mid point of edgey-2 = 11,6 mm
Settlement of foundation centre point = 18,8 mm
Settlement of characteristic point = 13,3 mm

(1-max.compressed edge; 2-min.compressed edge)

Settlement and rotation of foundation - results

Foundation stiffness:

Computed weighted average modulus of deformation Eges = 61,66 MPa
Foundation in the longitudinal direction is deformable (k=0,92)
Foundation in the direction of width is deformable (k=0,92)

I 4]
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Overall settlement and rotation of foundation:
Foundation settlement = 18,8 mm
Depth of influence zone = 5,00 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)

[GeoStructural Analysis - Spread Footing | version 5.16.11.0 | Copyright © 2013 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
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Name: |Soils Stage : 1
OG FG
Vv
/ { /o
NN
Vi
nasip 1 : i i § § nasip 2
A \ H : A _\ .
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Name : |Settlement

Stage : 1; Analysis: 1

Settlement and rotation of foundation - results

Foundation stiffness:
Average modulus of deformation Eqef = 61,66 MPa

OG FG

Foundation in the longitudinal direction is deformable (k=0,92)
Foundation in the direction of width is deformable (k=0,92)

Overall settlement and rotation of foundation:
Foundation settlement 18,8 mm
Depth of influence zone = 5,00 m

Rotation in direction of x = 0,000 (tan*1000)
Rotation in direction of y = 0,000 (tan*1000)

Sigma,z
Sigma,or

[GeoStructural Analysis - Spread Footing | version 5.16.11.0 | Copyright © 2013 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
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] Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm do 3.0 m. Od 3.0 do
n 3.4m pomesan sa niskoplasticnom do srednjeplasticnom prasinom, smede boje.
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19829 | 3.40 Kora povrsinskog raspadanja pe$¢ara. Sitnozrni do srednjezrni pe¢ar. Boje je sivo Zuc¢kaste
,,,,,,,,,,,, do svetlo smede. Jezgro se lomi rukom, a mestimi¢no se drobi prstima. IzraZen je proces 85
I 100 K.23_ P limonitizacije. Zrna peska su poluzaobljena, uglavnom kvarcna, ali su prisutna i zrna
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Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm do 3.0 m. Od 3.0 do
I 550 n 5.5m komadi stene razlicitog petrografskog satsava pomesani sa niskoplasticnom
3 do srednjeplastiénom prasinom, smede boje.
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19595 | 550 Kora povrsinskog raspadanja pes€ara. Sitnozrni do srednjezrni pesc¢ar. Boje je sivo Zuckaste
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I ............ medusobno zaklapaju ugao od priblizno 45° Sto je karakteristicno za pukotine smicanja, dok je
O | | tre¢a familija subvertikalna. Duz povr§i-zidova pukotina smicanja jasno se vide strije.
"""""" Subvertikalne pukotine uglavnom su zapunjene tankom glinovitom ispunom, a u dubljim
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Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm do 3.0 m. Od 3.0 do
I 5.40 5.4m komadi stene razli¢itog petrografskog satsava pomesSani sa niskoplasticnom
3 do srednjeplastiénom prasinom, smede boje.
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19556 | 5.40 Kora povrsinskog raspadanja pe$¢ara. Sitnozrni do srednjezrni pe¢ar. Boje je sivo Zuckaste
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............ i jedna subvertikalna. 6.25
19406 | 690 | [ Weathered Sandstone
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"""""" Subvertikalne pukotine uglavnom su zapunjene tankom glinovitom ispunom, a u dubljim
— delovima kalcitom. Pukotine su na rastojanju 0.2 do 0.4 m.
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Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm, izmeSan sa nisko do
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Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm, izmeSan sa nisko do
I srednje plasti¢him pradinama sivo - smede boje. Pojava retkih komada gradevinskog
3 n Suta i osnovne stene .
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Kora povrsinskog raspadanja laporca, sive boje. Jezgro je mekse i provlazenije u odnosu na
I osnovnu stenu. Prisutne su tri familije pukotina od ¢ega su dve kose i medusobno zaklapaju ugao
7 240 K,23. | od priblizno 45°, dok je treca familija subvertikalna. Duz povrsi-zidova pukotina jasno se vide strije.
' 2 Kose pukotine su na rastojanju 0.1 do 0.3 m. Subvertikalne su rede.
8I Weathered Marlstone
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9I Svetlo sivi laporac. Masivne je teksture. Prisutne su tri familije pukotina od ¢ega su dve kose i
medusobno zaklapaju ugao od priblizno 45°, dok je tre¢a familija subvertikalna. Duz
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I 260 K22'3- Lc| veéim stepenom raspadnutosti u odnosu na podinu i povlatu. Kose pukotine su na rastojanju
10 0.2 do 0.4 m. Subvertikalne su rede.
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Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm do 1.1 m. Od 1.1 do 3.9
I m srednje do nisko plasti¢ne prasine sa uklopcima lomljnog kamena, smede boje.
3 0Od 3.9 do 5.6 m lomljeni kameni agregat izme$an sa prasinom smede boje. Nadalje
n tamno smede praSine sa uklopcima lomljnog kamena.
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............ Kora povrsinskog raspadanja pes€ara. Sitnozrni do srednjezrni pe$céar. Boje je sivo Zuckaste
I ............ do svetlo smede. Jezgro se lomi rukom, a mestimiéno se drobi prstima. |zraZen je proces
& || 23 o limonitizacije. Zrna peska su poluzaobljena, uglavnom kvarcna, ali su prisutna i zrna
200 | Ky~ P| izgradena od stena razligitog petrografskog sastava. Ispucao sa tri familije pukotina, dve kose
I i jedna subvertikalna.
9 10525 | 930 EXETERTIIE Weathered Sandstone
1 OI ~~~~~~~~~~~~ Svetlo sivi tankoslojeviti peS€ar. Tekstura je izrazena u vidu gradacione slojevitosti. Zrna su
"""""" sitnozrna do srednjezrna, poluzaobljena, vezana glinovito-pradinastim vezivom, uglavnom su
— monomineralna izgradena od kvarca, ali su prisutna i zrna stena razlicitog petrografskog sastava.
l ............ 23 Mestimi¢éno se uocavaju nagomilanja sericita kada se jezgro deli na lamine i veoma tanke
1 370 [ Ky>-P slojeve. Od mehanickih diskontinuiteta prisutne su tri familije pukotina, od ¢ega su dve kose i
............ medusobno zaklapaju ugao od priblizno 45° $to je karakteristicno za pukotine smicanja, dok je 115
I ~~~~~~~~~~~~ tre¢a familija subvertikalna. Duz povrSi-zidova pukotina smicanja jasno se vide strije. 4.0 D '
1 I N I Subvertikalne pukotine uglavnom su zapunjene tankom glinovitom ispunom, a u dubljim 11.8
- delovima kalcitom. Pukotine su na rastojanju 0.2 do 0.4 m.
............ Sandstone
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Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm. Do 5.0 m izmeS$an sa
I n nisko do srednje plasti¢nim praSinama svetlo smede boje. Nadalje komadi stene
3 razli¢itog petrografskog sastava mm-dm reda veli¢ine.
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Kora povrsSinskog raspadanja laporca, sive boje. Jezgro je mekse i provlaZenije u odnosu na
I osnovnu stenu. Prisutne su tri familije pukotina od ¢ega su dve kose i medusobno zaklapaju ugao
7 1.70 23 . 4 od priblizno 45°, dok je treca familija subvertikalna. Kose pukotine su na rastojanju 0.1 do 0.35 m.
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medusobno zaklapaju ugao od priblizno 45°, dok je tre¢a familija subvertikalna. Duz
I povrsi-zidova pukotina smicanja jasno se vide strije. U okolini pukotina jezgro je mekse sa
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@. Zihin Crtez/Drawing: PROFIL ISTRAZNE BUSOTINE Datum/Date:  |Razmera/Scale:
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OZNAKA/MARK B-13 o e a X 7598077.57 OBJEKAT/FACILITY Zagrade
koopauHaTta S
RED. BR/NO. 13 oordnate Y 4876997.75 BUSIO/DRILLED BY RBB BOR
DUBINA/IDEPTH  (m) 10.50  |POCETAKISTART 27.02.2020. K IOy D.Berisavijevi¢, dipl.inz.geol.
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Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm. U prvih 2.6 m izmeSan
I sa nisko do srednje plasti¢nim prasinama svetlo smede boje. Poslednjih 0.8 m
3 komadi stene razli¢itog petrografskog sastava.
6.50
i Fill
4
J
85
|
195.18 | 6.50
Kora povr$inskog raspadanja laporca, sive boje. Jezgro je mekse i provlazenije u odnosu na
7 23 , o osnovnu stenu. Prisutne su tri familije pukotina od ega su dve kose i medusobno zaklapaju ugao
1.50 Ko™ Lol og priblizno 45°, dok je treca familija subvertikalna. Duz povrsi-zidova pukotina jasno se vide strije.
Kose pukotine su na rastojanju 0.1 do 0.3 m. Subvertikalne su rede.
193.68 | 8.00
8 \Weathered Marlstone
I Svetlo sivi laporac. Masivne je teksture. Prisutne su tri familije pukotina od ¢ega su dve kose i
9 medusobno zaklapaju ugao od priblizno 45°, dok je tre¢a familija subvertikalna. Duz
250 KZZ'S- Lc| povri-zidova pukotina smicanja jasno se vide strije. U okolini pukotina jezgro je mekSe sa
veéim stepenom raspadnutosti u odnosu na podinu i povlatu. Kose pukotine su na rastojanju
10I 0.2 do 0.4 m. Subvertikalne su rede.
191.18 | 10.50 Marlstone
1 Fotografije jezgra
| Photographs of core
12
13 I
14 I
ol
16I
17 I
18I
19I
ol
2
lzvodat/Contractor: Odg. projektant/Responsible designer: Saradnici/Associates: Broj crteza/Drawing no.:
RUDARSKO-GEOLOSKI FAKULTET, BEOGRAD
Busina 7; 11000 Beograd; Srbija &?;g:graoiﬁgg%ggl;%ié dipl. inZ. geol. —— | Dusan Berisavljevi¢, dipl. inz. geol. q“u,u_ 413




Investitor/Investor: [Tehnicka dc Izvestaj o GT i ivanjima za novo p jenje za p ju kreéa sa prate¢im objektima i opremom u Faza projekta: |DP/CD
industrijskom kompleksu Ogranka RBB SERBIA ZIJIN BOR COPPER DOO BOR Design stage:
Serbia ZIJIN Bor Copper d.o.0. [Technical dc ion: Report on for industrial facilities in RBB - SERBIA ZIJIN BOR COPPER DOO BOR
ZiJin Crtez/Drawing: PROFIL ISTRAZNE BUSOTINE Datum/Date:  |Razmera/Scale:
BOREHOLE LOG 2020. 1:100
OZNAKAMARK B-14  |ordnate X 7598075.31 OBJEKAT/FACILITY Zagrade
RED. BR/NO. 14 oordinate Y 4877010.28 BUSIO/DRILLED BY RBB BOR
DUBINA/DEPTH (m) 12.00  |POCETAKI/START 28.02.2020. K IOy D.Berisavijevi¢, dipl.inz.geol.
KOTA/ELEVATION (mnm) 201.46 ZAVRSETAK/END 28.02.2020. CRTAO/DRAWNBY | P, Simonovié
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Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm izmeSan sa ugljevitom
I pradinom tamno smede boje do 1.3 m. Od 1.3 do 2.2 m beton uobi€ajene strukture.
3 n Nadalje lomljeni kameni agregat frakcija 0/63 mm.
6.30
4I Fill and concrete
J
|
195.16 | 6.30 85
Kora povrsinskog raspadanja laporca, sive boje. Jezgro je mekse i proviaZenije u odnosu na
I osnovnu stenu. Prisutne su tri familije pukotina od ¢ega su dve kose i medusobno zaklapaju ugao
7 1.70 K22’3- Lc] od priblizno 45°, dok je tre¢a familija subvertikalna. Duz povrsi-zidova pukotina jasno se vide strije.
Kose pukotine su na rastojanju 0.1 do 0.3 m. Subvertikalne su rede.
gl 19346 | 8.00 Weathered Marlstone
231|183
| g6
9 Svetlo sivi laporac. Masivne je teksture. Prisutne su tri familije pukotina od ¢ega su dve kose i
medusobno zaklapaju ugao od priblizno 45°, dok je tre¢a familija subvertikalna. Duz
I 23 povrsi-zidova pukotina smicanja jasno se vide strije. U okolini pukotina jezgro je mekse sa
10 4.00 Ky“°- Le| veéim stepenom raspadnutosti u odnosu na podinu i povlatu. Kose pukotine su na rastojanju
0.2 do 0.4 m. Subvertikalne su rede.
l Marlstone
1
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_ Serbia ZIJIN Bor Copper d.o.0. [Technical dc ion: Report on ical i igation for industrial facilities in RBB - SERBIA ZIJIN BOR COPPER DOO BOR
e ZiJin Crtez/Drawing: PROFIL ISTRAZNE BUSOTINE Datum/Date:  |Razmera/Scale:
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OZNAKAMARK B-15  [coordinate X 7598077.14 OBJEKAT/FACILITY Zagrade
RED. BR/NO. 15 oordinate Y 4877013.35 BUSIO/DRILLED BY RBB BOR
DUBINA/DEPTH (m) 10.50  |POCETAKISTART 28.02.2020. K IOy D.Berisavijevi¢, dipl.inz.geol.
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I Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm izmeSan sa praSinom
P tamno smede boje do 1.5 m. Od 1.5 do 2.5 m beton uobi€ajene strukture. Nadalje
niskoplasticne prasine smede boje sa retkim uklopcima gradevinskog Suta i
I 5.00 n komadima osnovne stene.
3
Fill and concrete
A
5 196.55 | 5.00 Kora povrsinskog raspadanja pes¢ara. Sitnozrni do srednjezrni pe$céar. Boje je sivo Zuckaste
............ do svetlo smede. Jezgro se lomi rukom, a mestimiéno se drobi prstima. IzraZen je proces
............ K23 P limonitizacije. Zrna peska su poluzaobljena, uglavnom kvarcna, ali su prisutna i zrna 5.6
I 130 [ 2~ izgradena od stena razli¢itog petrografskog sastava. Ispucao sa tri familije pukotina, dve kose 11.5|0 5.8
6 o525 | 630 | b i jedna subvertikalna. 85 .
I ............ Weathered Sandstone
7 Svetlo sivi tankoslojeviti pe$ar. Tekstura je izraZena u vidu gradacione slojevitosti. Zrna su
,,,,,,,,,,,, sitnozrna do srednjezrna, poluzaobljena, vezana glinovito-prainastim vezivom, uglavnom su 24 D7'4
I ............ monomineralna izgradena od kvarca, ali su prisutna i zrna stena razli¢itog petrografskog sastava. 7.6
<1 E N R A Mestimiéno se uocavaju nagomilanja sericita kada se jezgro deli na lamine i veoma tanke
~~~~~~~~~~~~ K2 p slojeve. Od mehanickih diskontinuiteta prisutne su tri familije pukotina, od ¢ega su dve kose i
I 420 |t 2 medusobno zaklapaju ugao od priblizno 45° sto je karakteristicno za pukotine smicanja, dok je
9 tre¢a familija subvertikalna. Duz povrSi-zidova pukotina smicanja jasno se vide strije.
,,,,,,,,,,,, Subvertikalne pukotine uglavnom su zapunjene tankom glinovitom ispunom, a u dubljim
............ delovima kalcitom. Pukotine su na rastojanju 0.2 do 0.4 m.
1 OI ~~~~~~~~~~~~ Sandstone
19105 1050 | 0 [
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{::5 ZiJin Crtez/Drawing: PROFIL ISTRAZNE BUSOTINE Datum/Date:  |Razmera/Scale
5 BOREHOLE LOG 2020. 1:100
OZNAKA/MARK B-16 o e a X 7598087.12 OBJEKAT/FACILITY Zagrade
koopauHaTta S
RED. BR/NO. 16 oordnate Y 4877014.98 BUSIO/DRILLED BY RBB BOR
DUBINA/DEPTH (m) 8.00 POCETAK/START 28.02.2020. K IOy D.Berisavijevi¢, dipl.inz.geol.
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I Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm izmeSan sa nisko do
2 srednje plasti¢nim prasinama tamno smede boje. Od 1.0-4.8 m tamno smeda
n prasina, niske plasti¢nosti sa uklopcima lomljenog kamena. Nadalje komadi stene
I 510 razli¢itog petrografskog sastava i gradevinski $ut. D2'5
2.8
3 . '
Fill
4I 85
5I 196.55 | 5.10 Kora povrsinskog raspadanja pes€ara. Sitnozrni do srednjezrni pesc¢ar. Boje je sivo Zuckaste
"""""" do svetlo smede. Jezgro se lomi rukom, a mestimi¢no se drobi prstima. IzraZen je proces
"""""" K23 P limonitizacije. Zrna peska su poluzaobljena, uglavnom kvarcna, ali su prisutna i zrna
6I 140 % T jzgradena od stena razlititog petrografskog sastava. Ispucao sa tri familiie pukotina, dve kose
............ i jedna subvertikalna.
15151 630 Weathered Sandstone
4 I I 23 Svetlo sivi tankoslojeviti pe$¢ar. Tekstura je izrazena u vidu gradacione slojevitosti. Zrna su
1.50 Ky™*=P| Sitnozma do srednjezrna, poluzaobliena, vezana glinovito-prasinastim vezivom, uglavnom su
,,,,,,,,,,,, monomineralna izgradena od kvarca, ali su prisutna i zrna stena razli¢itog petrografskog sastava.
gl 19365] 800 Mestimi¢no se uoGavaju nagomilanja sericita kada se jezgro deli na lamine i veoma tanke
slojeve. Od mehanickih diskontinuiteta prisutne su tri familije pukotina, od ¢ega su dve kose i
medusobno zaklapaju ugao od priblizno 45° $to je karakteristicno za pukotine smicanja, dok je
9I tre¢a familija subvertikalna. Duz povrSi-zidova pukotina smicanja jasno se vide strije.
Subvertikalne pukotine uglavnom su zapunjene tankom glinovitom ispunom, a u dubljim
delovima kalcitom. Pukotine su na rastojanju 0.2 do 0.4 m.
I Sandstone
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OZNAKAMARK B-17  |&oordinate X 7598089.30 OBJEKAT/FACILITY Zagrade
RED. BR/NO. 17 oordinate Y 4877024.43 BUSIO/DRILLED BY RBB BOR
DUBINA/IDEPTH  (m) 8.00 POCETAKISTART 28.02.2020. K IOy D.Berisavijevi¢, dipl.inz.geol.
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0
] Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm do 3.0 m (gubitak jezgra
I 330 u duzini od 2.7 m). Od 3.0 do 3.3 m beton uobi¢ajene strukture.
2 Fill and concrete
|
19850 | 3.30
I Kora povrsinskog raspadanja laporca, sive boje. Jezgro je mekse i proviaZenije u odnosu na 85
4 osnovnu stenu. Prisutne su tri familije pukotina od ¢ega su dve kose i medusobno zaklapaju ugao
K23 ¢] od priblizno 45°, dok je tre¢a familija subvertikalna. Duz povrsi-zidova pukotina jasno se vide strije. 0.65 D4'3
I 230 2 Kose pukotine su na rastojanju 0.1 do 0.3 m. Subvertikalne su rede. 45
> Weathered Marlstone
196.20 | 5.60
6 Svetlo sivi laporac. Masivne je teksture. Prisutne su tri familije pukotina od ¢ega su dve kose i
medusobno zaklapaju ugao od priblizno 45°, dok je tre¢a familija subvertikalna. Duz
K23 | povrsi-zidova pukotina smicanja jasno se vide strije. U okolini pukotina jezgro je mekse sa
7I 240 2~ L vecim stepenom raspadnutosti u odnosu na podinu i povlatu. Kose pukotine su na rastojanju
0.2 do 0.4 m. Subvertikalne su rede.
Marlstone
gl 19380] 800
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DUBINA/DEPTH (m) 10.00  |POCETAKISTART 29.02.2020. K IOy D.Berisavijevi¢, dipl.inz.geol.
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0.50 n Nasut materijal - Komadi stene cm-dm reda veli¢ine.
200.19 | 050 : Fil
i
1
2I Kora povrsinskog raspadanja laporca, sive boje. Jezgro je mekse i proviaZenije u odnosu na
23 | A oshovnu stenu. Prisutne su tri familije pukotina od ¢ega su dve kose i medusobno zaklapaju ugao
I 420 K,“"- Lc| od priblizno 45°, dok je treéa familija subvertikalna. Duz povrsi-zidova pukotina jasno se vide strije.
3 Kose pukotine su na rastojanju 0.1 do 0.3 m. Subvertikalne su rede.
Weathered Marlstone
A
195.99 | 4.20
5
6 85
Svetlo sivi laporac. Masivne je teksture. Prisutne su tri familije pukotina od ¢ega su dve kose i
7I medusobno zaklapaju ugao od priblizno 45°, dok je tre¢a familija subvertikalna. Duz
530 K23 Lc povrsi-zidova pukotina smicanja jasno se vide strije. U okolini pukotina jezgro je mekse sa
’ 2 vecim stepenom raspadnutosti u odnosu na podinu i povlatu. Kose pukotine su na rastojanju 27 D7'4
8I 0.2 do 0.4 m. Subvertikalne su rede. 7.6
Marlstone
J
10019069 | 10.00
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industrijskom kompleksu Ogranka RBB - SERBIA ZIJIN BOR COPPER DOO BOR Design stage:
Serbia ZIJIN Bor Copper d.o.0. [Technical dc ion: Report on ical i igation for industrial facilities in RBB - SERBIA ZIJIN BOR COPPER DOO BOR
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OZNAKA/MARK B-19 o e a X 7598093.26 OBJEKAT/FACILITY Zagrade
RED. BR/NO. 19 oordinate Y 4877020.34 BUSIO/DRILLED BY RBB BOR
DUBINA/DEPTH (m) 10.50  |POCETAKISTART 28.02.2020. K IOy D.Berisavijevi¢, dipl.inz.geol.
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0 20129 | 040 | 040 n Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm izmeSan sa prasinom
] : smede boje.
i Fill
1
|
Kora povrsinskog raspadanja laporca, sive boje. Jezgro je mekse i provlazenije u odnosu na
I | osnovnu stenu. Prisutne su tri familije pukotina od ¢ega su dve kose i medusobno zaklapaju ugao
3 5.20 K22’3- Lc| od priblizno 45°, dok je tre¢a familija subvertikalna. Duz povrsi-zidova pukotina jasno se vide strije.
Kose pukotine su na rastojanju 0.1 do 0.3 m. Subvertikalne su rede.
4I Weathered Marlstone
J
196.09 | 5.60
6 85
1
Svetlo sivi laporac. Masivne je teksture. Prisutne su tri familije pukotina od ¢ega su dve kose i
medusobno zaklapaju ugao od priblizno 45°, dok je tre¢a familija subvertikalna. Duz
8I 490 ’3 povrsi-zidova pukotina smicanja jasno se vide strije. U okolini pukotina jezgro je mekse sa
’ K,- Lcf vegim stepenom raspadnutosti u odnosu na podinu i povlatu. Kose pukotine su na rastojanju
0.2 do 0.4 m. Subvertikalne su rede.
9| Marlstone 9.1
29|53
10I
191.19] 10.50
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............ Fir
1I Kora povrsinskog raspadanja pes€ara. Sitnozrni do srednjezrni pes¢ar. Boje je sivo Zuckaste
............ | do svetlo smede. Jezgro se lomi rukom, a mestimiéno se drobi prstima. IzraZen je proces
I 270 [ K,23~ P'| limonitizacije. Zma peska su poluzaobljena, uglavnom kvarcna, ali su prisutna i zna
). [ I I G — izgradena od stena razli¢itog petrografskog sastava. Ispucao sa tri familije pukotina, dve kose
"""""" i jedna subvertikalna.
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E| EARALEEELD —
4| -
I Svetlo sivi tankoslojeviti peS€ar. Tekstura je izrazena u vidu gradacione slojevitosti. Zrna su 85
s e sitnozrna do srednjezrna, poluzaobljena, vezana glinovito-pradinastim vezivom, uglavnom su
~~~~~~~~~~~~ monomineralna izgradena od kvarca, ali su prisutna i zrna stena razli¢itog petrografskog sastava.
I ~~~~~~~~~~~~ Mestimiéno se uoCavaju nagomilanja sericita kada se jezgro deli na lamine i veoma tanke
(5] I I S slojeve. Od mehanickih diskontinuiteta prisutne su tri familije pukotina, od ¢ega su dve kose i
700 —— Kzz,s_ p| medusobno zaklapaju ugao od priblizno 45° $to je karakteristicno za pukotine smicanja, dok je 32.2 D6.3
I ,,,,,,,,,,,, treca familija subvertikalna. Duz povrSi-zidova pukotina smicanja jasno se vide strije. ' 6.6
4 1R I M Subvertikalne pukotine uglavnom su zapunjene tankom glinovitom ispunom, a u dubljim
~~~~~~~~~~~~ delovima kalcitom. Pukotine su na rastojanju 0.2 do 0.4 m.
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I Nasut materijal - Lomljeni kameni agregat frakcija 0/63 mm. Do 5.0 m izmeS$an sa
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,,,,,,,,,,,, Kora povrsinskog raspadanja pes€ara. Sitnozrni do srednjezrni peséar. Boje je sivo Zuckaste
............ do svetlo smede. Jezgro se lomi rukom, a mestimiéno se drobi prstima. Izrazen je proces
I 150 [ K22‘3_ Pl limonitizacije. Zrna peska su poluzaobljena, uglavnom kvarcna, ali su prisutna i zra
& || izgradena od stena razli¢itog petrografskog sastava. Ispucao sa tri familije pukotina, dve kose
193.16 | 8.50 IR i jedna subvertikalna.
............ Weathered Sandstone
on | | P Svetlo sivi tankoslojeviti peS€ar. Tekstura je izrazena u vidu gradacione slojevitosti. Zrna su
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10171 ss0 | 0 |- Weathered Sandstone
1 | Svetlo sivi tankoslojeviti peS€ar. Tekstura je izrazena u vidu gradacione slojevitosti. Zrna su
............ sitnozrna do srednjezrna, poluzaobljena, vezana glinovito-pradinastim vezivom, uglavnom su
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mool | e Subvertikalne pukotine uglavnom su zapunjene tankom glinovitom ispunom, a u dubljim
~~~~~~~~~~~~ delovima kalcitom. Pukotine su na rastojanju 0.2 do 0.4 m.
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19413 | 6.80 Kora povrsinskog raspadanja pes€ara. Sitnozrni do srednjezrni pescar. Boje je sivo Zuckaste
A do svetlo smede. Jezgro se lomi rukom, a mestimi¢no se drobi prstima. IzraZen je proces
120 [ »3 o limonitizacije. Zrna peska su poluzaobljena, uglavnom kvarcna, ali su prisutna i zrna
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............ Weathered Sandstone
I — Svetlo sivi tankoslojeviti peS€ar. Tekstura je izrazena u vidu gradacione slojevitosti. Zrna su
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400 medusobno zaklapaju ugao od priblizno 45° §to je karakteristicno za pukotine smicanja, dok je
,,,,,,,,,,,, treca familija subvertikalna. Duz povrSi-zidova pukotina smicanja jasno se vide strije.
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lzvestaj o geotehni€kim istrazivanjima za potrebe realizacije projekta izgradnje
novog postrojenja za proizvodnju kre¢a sa prate¢im objektima i opremom
u industrijskom kompleksu Ogranka RBB Bor
SERBIA ZIJIN BOR COPPER DOO BOR

Prilog br. 5.

IZVESTAJ LABORATORIJSKIH ISPITIVANJA
UZORAKA TLA ZA POTREBE IZGRADNJE NOVOG POSTROJENJA
ZA PROIZVODNJU KRECA SA PRATECIM OBJEKTIMA 1
OPREMOM U INDUSTRIJSKOM KOMPLEKSU OGRANKA RBB -
SERBIA ZIJIN BOR COPPER DOO BOR



lzvestaj o geotehni€kim istrazivanjima za potrebe realizacije projekta izgradnje
novog postrojenja za proizvodnju kre¢a sa prate¢im objektima i opremom
u industrijskom kompleksu Ogranka RBB Bor
SERBIA ZIJIN BOR COPPER DOO BOR

Spisak priloga:

1 Tabelarni pregled laboratorijskih ispitivanja uzoraka tla

2 Tabelarni pregled laboratorijskih ispitivanja uzoraka stene
3. Vlaznost uzoraka, Zapreminska masa

4.-5.5. Dijagram granulometriski sastav

6. Dijagram grplasti¢nosti

7.-5.8. Dijagram direktnog smicanja

9.-5.10. Dijagram stisljivosti

11. Vlaznost uzoraka stene

12.- 5.13. Zapreminska masa stena

.14.-5.15  Cvrstoca na pritisak stena

5.16 Cvrstoéa na zatezanje stena

5.17 Brzina prostiranja ultazvucnih talasa i elasti¢nih konstanti stena
5.18.-5.23  Foto dokumentacija



"'1°G "4q bojud

OBJEKAT: Novo postrojenje za proizvodnju kreca RBB Bor

TABELARNI PREGLED

GRANULOMETRIJSKI SASTAV

Red UZORAK i}
bro'. SONDA Drobina Sljunak Pesak Prasina Glina deo dso dio Cu Cz
) DUBINA % % % % % mm mm mm dso/d10 dso02/d1oxdeo
1. B -10 (14.20-4.50) 12 77 11 0,02968 | 0,00488 | 0,00221 13,41 1,14
2. B -13 (4.20-4.50) 96 3 1 0 22,3882 | 9,82082 | 5,32522 4,20 1,38
3. B-16 ( 2.50-2.80) 20 63 17 0,03188 | 0,00278 | 0,00113 28,20 20
4, BN -3 ( 5.20-5.50) 81 15 3 1 11,877 2,054 0,642 18,49 2,01
x SADRZINA
PLASTICNOST Klasifikacija VODE ZAPREMINSKA MASA
DUBINA ecenja aljanja asti¢nosti onsistencije asagrandeu
w. % wp % Ip % Ic % g/cm? g/cm?
1. B -10 ( 4.20-4.50 ) 43,06 21,88 21,18 1,30 CI 15,44 1,643 1,418
2. B-13 (4.20-4.50) Uzorak nije plasti¢an 1,69
3. B-16 ( 2.50-2.80) 48,91 24,31 24,60 0,96 CI 25,40 1,988 1,582
4. BN -3 ( 5.20-5.50) Uzorak nije plastic¢an 4,49
MODUL STISLIJIVOSTI Mv (kN/m?)
Red. USZO?\IRDA: ZA RAZLICITEVREDNOSTI VERTIKALNOG OPTERECENJA DIREKTNO SMICANJE
broj DUBINA c (kN/m?2
0-50 50 - 100 100 - 200 200 - 400 400 - 800 o (°) C (kPa)
1. B -10 (4.20-4.50) 7692 9524 12903 18182 23188 21,12 24,14
2. B-16 ( 2.50-2.80) 5882 7692 8696 12500 16667 19,23 20,36




'2'S 4q Bojud

OBJEKAT: Novo postrojenje za proizvodnju kreca RBB Bor

TABELARNI PREGLED

wavost | zaseminsia | UL | estoana | qrcroce ua
S CVRSTOCA OSNOVU EVRSTOCE TACKASTO OPTERECENJE
5 7NAKA UZORKA U.B1.012- SRPSU.BLO17- | (oi i oo 106 SRPS B.B7.127- NA PRITISAK |
§ povucen povucen POVUEEH povucen ZATEZANJE
= w Y oc oi 0) C P Is . IS(s0) D) L L/D
% g/em? Mpa Mpa 0 MPa kN | MPa Mpa | mm | mm
1 B-1 ( 6.00- 6.30) 6,98 2,243 17,6 3,99 36,8 4,7
2 B-2 ( 8.90- 9.10) 5,20 2,242 21,3 1,41 59,2 3,3
3 B-3 (4.80-5.10) 5,81 2,361 5,5
4 B-4 ( 8.00- 8.30) 4,51 2,415 27,2 4,46 44,2 6,5
5 B-5 ( 6.00- 6.25) 7,08 2,320 2,7
6 B-6 ( 7.40- 7.80) 5,78 2,268 5,4 1,14 38,5 1,4
7 B-7 (14.30-14.50) 6,65 2,210 3,9 0,27 57,8 0,6
8 B-8 ( 9.20- 9.40) 9,59 2,254 2,4
9 B-9(11.90-12.10) 4,64 2,300 3,7 0,79 38,5 0,9
10 B-11(11.50-11.80) 4,58 2,386 4,0
11 B-12 ( 9.20- 9.40) 5,20 2,278 7,9
12 B-14 ( 8.30- 8.60) 6,30 2,352 23,1
13 B-15 ( 5.60- 5.80) 7,30 2,308 11,5 2,42 38,5 2,9
14 B-15 ( 7.40- 7.60) 4,89 2,321 24,0
15 B-17 ( 4.30- 4.50) 7,03 2,272 1,15 0,16 1,28 0,20 | 86,00 | 30,00 | 0,35
16 B-18 ( 7.40- 7.50) 13,82 2,295 2,7
17 B-19 ( 9.10- 9.30) 12,51 2,299 2,9
18 B-20 ( 5.60- 5.90) 10,22 2,315 0,8
19 B-21 ( 6.30- 6.60) 2,94 2,322 32,2 4,01 48,2 6,5
20 BN-1(11.70-11.90) 1,94 2,462 37,4 2,57 59,2 5,9
21 BN-2 ( 9.60-9.90) 8,21 2,126 8,3 1,65 38,5 2,1




Izvestaj o geotehni€kim istrazivanjima za potrebe realizacije projekta izgradnje
novog postrojenja za proizvodnju kre€a sa prate¢im objektima i opremom

u industrijskom kompleksu Ogranka RBB Bor
SERBIA ZIJIN BOR COPPER DOO BOR

SRPS U.B1.012

SADRZINA VODE

OBJEKAT: Novo postrojenje za proizvodnju kreca RBB Bor
Oznaka uzorka Bruto tezina | Bruto tezina Tezina Tezina Tezina SadrZina Srednja
vlaznog suvog tare vode suvog vode vrednost
uzorka uzorka uzorka
g g g g g % %
B -10 ( 4.20-4.50 ) 76,28 67,57 11,75 8,71 55,82 15,60
89,06 78,86 12,06 10,20 66,80 15,27 15,44
B -13 (4.20-4.50) 156,98 155,89 100,76 1,09 55,13 1,98
144,98 144,41 103,56 0,57 40,85 1,40 1,69
B -16 (2.50-2.80) 76,67 63,58 11,84 13,09 51,74 25,30
82,29 67,93 11,62 14,36 56,31 25,50 25,40
BN -3 ( 5.20-5.50 ) 159,57 157,10 105,65 2,47 51,45 4,80
146,92 145,19 103,71 1,73 41,48 4,17 4,49
SRPS U.B1.013:1992
OBJEKAT: Novo postrojenje za proizvodnju kreca RBB Bor
Oznaka uzorka Bruto teZina | Bruto teZina Tezina |Zapremina| Zapreminska | Zapreminska| Sadrzina
vlaznog suvog tare cilindra | masa vlaznog | masa suvog vode
uzorka uzorka uzorka uzorka
g g g cm’ g/lcm® glem® %
B-10 ( 4.20-4.50 ) 224,54 202,05 60,25 100 1,643 1,418 15,86
B-16 ( 2.50-2.80 ) 232,26 191,67 33,48 100 1,988 1,582 25,66

Prilog br. 5.3.




SRPS U.B1.018:2005

DIJAGRAM GRANULOMETRIJSKOG SASTAVA

OBJEKAT: Novo postrojenje za proizvodnju kreca RBB Bor
UZORAK: B-10 (4.20-4.50)

) .. Pesak ShHunak
Glina Prasina

Drob.

Sitan Srednji| Krupan Sitan Srednji | Krupan

100

90

80

70

60

50

40

30

20

Kumulativni prolaz kroz sito (%)

10

0
0.0001 0.001 0.01 0.1 1 10 100
Precnik zrna (mm)

Dgo= 0,02968 Dzp- 0,00488 Tlo je umereno neravnomemaog s Kfusbr= 1E-08 Cu= 13,41
Dzp= 0,00864 Dip= 0,00221 C.= 1,14

SRPS U.B1.018:2005

DIJAGRAMGRANULOMETRIJISKOG SASTAVA

OBJEKAT: Novo postrojenje za proizvodnju kreca RBB Bor
UZORAK: B-13 (4.20-4.50)

. . Pesak Sljunak
Glina Prasina

Drob.

Sitan Srednji| Krupan Sitan Srednji | Krupan

i
/

90

80

70

60

50

40

30

Kumulativni prolaz kroz sito (%)

20

10

0
0.0001 0.001 0.01 0.1 1 10 100
Pregnik zrna {(mm)

Deo= 22,38823 Dzo= 9,82082 Tlo je ravnomernog sastava Kfusbr= 0,38911 Cu= 4,20
Dag= 12,82897 Dig= 5,32522 C,=1,38

Prilog br. 5.4.




SRPS U.B1.018:2005

DIJAGRAM GRANULOMETRIJSKOG SASTAVA

OBJEKAT: Novo postrojenje za proizvodnju kre&a RBB Bor
UZORAK: B-16 (2.50-2.80)

) .. Pesak Shunak
Glina Prasina

Drob.

Sitan Srednji| Krupan Sitan Srednji | Krupan

100

90

80

70

60

50

40

30

20

Kumulativni prolaz kroz sito (%)

10

0 i I
0.0001 0.001 0.01 04 1 10 100
Precnik zrna (mm)

Dgo= 0,03188 Dzp= 0,00278 Tlo je neravnomernog sastava Kfusbr=  2,8E-09 Cu= 28,20
Dzp= 0,00582 Dip= 0,00113 C,= 0,94

SRPS U.B1.018:2005

DIJAGRAM GRANULOMETRIJISKOG SASTAVA

OBJEKAT: Novo postrojenje za proizvodnju krefa RBB Bor
UZORAK: BN -3 ( 5.20-5.50)

) .. Pesak Shjunak
Glina Prasina

Drob.

Sitan |5rednji| Krupan Sitan Srednji | Krupan

90

80

70

60

50

40

30

Kumulativni prolaz kroz sito (%)

20

10

M-

0
0.0001 0.001 0.01 0.1 1 10 100
Precnik zrna (mm)

Deo= 11,87748 Doo= 2,05367 Tlo je neravnomernog sastava  Kfusbr=  0,01832 Cu= 18,49
Dzg= 3,91729 Dig= 0,64225 C.= 2,01

Prilog br. 5.5.




SRPS U.B1.020

ATERBERGOVE GRANICE PLASTICNO

STI

OBJEKAT: Novo postrojenje za proizvodnju kreca RBB Bor

CASAGRANDEOQOV DIJAGRAM PLASTICNOSTI

100

90

a0

Cl CH

7o
CL
G0

50

Ip (%)

40 —

30 ]

20 el ]

MH
[OH)

10
L [ta])]

WI (%)

Fp=1_2E,
90 £
)
80
/ el

;E / Hp=0.75 ,_r"'/ ]
P -

50

40
30 d

Ip (%)

\

e
L
20 -tlil/ "’ff
L
10 /’/"f’

]

] 10 20 30 40 K0 &0 TFO B0 90 100
Kolicina ¢vrstih cestica tla d<2 mikrona (%) po tezini

KOLOIDNA AKTIVNOST TLA LEGENDA

100 1 B-10 ( 4.20-4.50 )
L 2 B-15( 2.50-2.80 )

a0 100

Prilog br. 5.6.



SRPS U, B1. 028
CD TEST
OBJEKAT: Novo postrojenje za proizvodnju kre¢a REB Bor
UZORAK: B -10 ( 4.20-4.50 )
= {kP3|
o T T I g= 21,12 °
y=0,39x+ 2414 c= 24,14 kPa
250
¥ pre opita= 16,43 kN/m?
200 ¥ pocle opita= 17,15 kN/m?
.w-""’-ﬂf .
150 w pre opita= 15,44 9%
] w posle opita= 20,51 %
100 ’“’—HJ
| consolidacija: 24h
&
»f""f pod vodom: da
L] bez vode:
L] 100 200 =00 20 < (kPa)
200
180 —
160 |
L1
_Fi_ﬂ_,df"
— 140
o L
=
= 120
= L]
S 100 S
E R
= B0 — =1
o e
= 1
= Gl g e
40 J' ’ 1 -
—
20 r{ 7 f
A
]
0,00 2,00 4.00 6,00 8,00 10,00 12,00
Haorizontalna deformacija (rmm)
— 100kPa ——200kPa —— 400 kPa |

Prilog br. 5.7.



SRPS U. B1. 028
CD TEST
OBJEKAT: Novo postrojenje za proizvodnju kre¢a REB Bor
UZORAK: B -16 ( 2.50-2.80 )
={kPg]
‘“’" T T T 1 o= 19,23~
y = 0,35x + 20,36 c= 20,36 kpa
25
¥ pre opita= 19,88 kN/m?
200 ¥ posle opita= 19,10 kN/m?
150 e w pre opita= 25,40 %
#,ff’f w posle opita= 20,51 %
100
—— consolidacija: 24h
L] "Fﬁ
| pod vodom: da
0 bez vode:
] 100 200 300 400 = {kPa)
130
160 B
_.-F""'#f
_,—'-"""_'_'-
140 -
= 120 —
g =
= 100 |
c
S | |
E  an T =TT 1
s / 4T
j= Sl
g &0 7 > —1
40 / —
z/ f_'_,_..-o-'""fﬂ
20 1
]
]
0,00 2,00 4,00 6,00 8,00 10,00 12,00
Horizontalna deformacija (mm)
—100kPa ——200kPa —— 400 kPa |

Prilog br. 5.8.



SRPS U, B1. 032

DIJAGRAM STISLIIVOSTI

OBJEKAT: MNowvo postrojenje za proizvodnju kre€a RBB Bor
UZORAK: B-10( 4.20-4.50)

Dijagram vertikalni napon-deformacija
0,00

0,007
0,01 =
‘Wk_q,&:f

0,02 0,020
2

— 0,031

0,03 T

0,04 8 .

Relatnma deformacija

o 0,048

0,05

0,06

400
napon [kPa)

Dijagram napon-koeficijent poroznosti

0,E8

057 0,869

0.86
“1@35?
0,85
’ 0,847
0,84 .‘&“-

0,83

‘\"""'ﬂ-,.n,s:z
)

0.52 s 0812

0,81 =
0,50 —— o
0,78 | P

koeficijent poroznost

0,78

o.77

400
napon [kPa)

Dijagram napon-modul stisljivosti
25000 231

20000 18133

15000 125905

0524
10000 7602

Modul stgljrvosti (kPa)

3J:%erlik,alrm o;tisé:'reéerlje {kpzrf'

Prilog br. 5.9.



SRPS U. B1. 032
OBJEKAT: Nowvo postrojenje za proizvodnju kreca RBB Bor
UZORAK: B-16 (2,50-2,80)
Dijagram vertikalni napon-deformacija
0,00 .
o0t $._0.00
= \\‘1-.\9{15
H 0,02 -
£ \‘w 0,027
"E 0,03 B Sy
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E 0,04 038 M L
._‘ . H'""‘-—-..".._q_._.ﬁ o ""‘-—-._,_‘_.___‘_‘_‘_‘_H-“_
: - e e
. —— —
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[ 100 200 200 400 500 &00 700 BDO
napon (kPa)
Dijagram napon-koeficijent poroznosti
0,70
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E 0,64 L\\‘\-
£ 631
H 0,52 oo
- — 0,604
,i 0.50 1 '!""u-—-_._._ o H_"""‘"-n-._._ .
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& "‘-'—-—-qr-n.sa..l_______._______ --...__;--_._____._____H_
§ e e e
0,55 T— r
0,54
o 100 200 400 &00 700 EOD
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. e e 3'C'C\I."Ellik,a|r|||:t og‘ggleéenie {I:I'-'ga'C| s e e

Prilog br. 5.10.



SRPS U.B1.012 -
SADRZINA VODE
OBJEKAT: Novo postrojenje za proizvodnju kreca RBB Bor
Oznaka uzorka Bruto teZina | Bruto teZina Teiina Teiina Teiina Sadriina
vlainog suvog tare vode suvog vode
uzorka uzorka uzorka
g g g g g o
B-1 ( 6.00- 6.20)
62,20 58,94 12,21 3,26 46,73 6,98
B-2 ( 8.90- 9.10)
65,60 52,97 12,35 2,63 50,62 5,20
B-3 ( 4.80- 5.10)
69,35 66,20 11,99 3,15 54,21 5,81
B-4 ( 8.00- 8.30)
4912 47,53 12,29 1,59 35,24 4,51
B-5 ( 65.00- 6.25)
89.71 84.54 11,55 5,17 72,99 7,08
B-6 ( 7.40- 7.80)
61,22 58,53 11,96 2,69 46,57 5,78
B-7 (14.30-14.50)
65,07 61,72 11,32 3,35 50,40 6,65
B-8 ( 9.20- 9.40)
63.53 £8,94 11,06 4,59 47,88 9,59
B-9 (11.90-12.10)
59.1 5710 11,64 2,11 45,46 4,64
B-11 (11.50-11.80)
83,93 80,75 11,38 3,18 69,37 4,58
B-12 ( 9.20- 9.40)
85,10 81,46 11,45 3,64 70,01 5,20
B-14 ( 8.30- 8.60)
103.41 87,99 12,01 5,42 85,98 6,30
B-15 ( 5.60- 5.80)
83.35 78.48 11,75 4,87 56,73 7,30
B-15 ( 7.40- 7.60)
69,36 66,65 11,23 2,71 55,42 4,89
B-17 ( 4.30- 4.50)
65,38 61,86 11,80 3,52 50,06 7,03
B-18 ( 7.40- 7.50)
81.19 72,72 11,41 8,47 51,31 13,82
B-19 ( 9.10- 9.20)
105,50 2511 12,04 10,39 83,07 12,51
B-20 ( 5.60- 5.90)
76,09 70,10 11,48 5,99 58,62 10,22
B-21 ( 6.30- 6.60)
81,07 79,09 11,85 1,98 67,24 2,94
BN-1 (11.70-11.90)
48,13 47,44 11,96 0,69 35,48 1,94
BN-2 ( 9.60- 9.90)
65,50 61,42 11,72 4,08 49,70 8,21

Prilog br. 5.11.



SRPS U. B1. 017
Objekat: Novo postrojenje za proizvodnju kreca RBB Bor

Masa Masa Zapremlna Zapremlnska

Oznaka uzorka uzorka i istisnute masa

uzorka parafina vode

gr gr cm?® gr/cm?®

64,33 64,92 29,66 2,214

70,19 71,42 32,10 2,277

B-1(6.00-6.30) 31,61 31,75 14,27 7,738

of.vred 2,245

41,53 42,28 19,11 2,265

68,53 69,56 31,67 2,239

B-2 ( 8.90- 9.10) 6476 6553 3031 7773

Sr.vred 2,242

82,90 84,22 36,41 2,365

96,66 98,05 42,26 2,368

B-3(4.80-5.10) 84,11 37,16 38,94 Z,350

Sl.vred Z,501

80,45 81,94 34,94 2,408

58,01 59,55 25,64 2,412

B-4 (8.00-8.30) 59,97 61,12 25,91 7,476

Sr.vred 2,415

98,20 99,77 43,85 2,325

86,89 88,42 39,27 2,305

B-5(16.00-6.25) 77,68 79,05 34,75 7,330

Sr.vred 2,520

51,68 52,73 23,96 2,259

66,62 67,80 30,61 2,266

B-6 (7.40-7.80) 62,72 63,88 28,73 2,778

oSl.vred 2,268

88,58 89,97 41,57 2,207

45,22 46,24 21,50 2,211

B-7 (14.30-14.50) 5378 i 7540 7713

oSf.vred 2,210

97,54 97,31 43,06 2,253

44,57 44,39 19,74 2,237

B-8(9.20-9.40) 89,38 90,79 40,78 2,773

Sr.vred 2,254

Prilog br. 5.12.



SRPS U. B1. 017
Obijekat: Novo postrojenje za proizvodnju kre¢a RBB Bor

Masa Masa Zapremlna Zapremlnska

Oznaka uzorka uzorka i istisnute masa

uzorka parafina vode

gr gr cm?® gr/cm®

69,17 70,42 31,27 2,307

60,52 61,68 27,57 2,295

B-9 (11.90-12.10) 89,97 91,05 4027 2,235

Sr.vred 2,500

118,22 120,24 52,04 72,366

78,74 80,08 34,06 2,410

B-11 (11.50-11.80) 100,25 101,86 43 74 2,382

oSr.vred 2,560

110,47 112,27 50,20 2,285

58,03 59,21 26,79 2,269

B-12 ( 9.20- 9.40) 52,83 8338 36.90 7,780

oSr.vred 2,278

63,38 64,58 28,13 2,357

69,37 70,67 31,12 2,329

B-14 (8.40- 8.60) 87,16 88,15 37,80 2,370

Sr.vred 2,552

76,63 78,00 34,63 2,307

67,00 68,18 30,30 2,304

B-15 (5.60- 5.80) 68,06 69,44 30,83 2,314

ST.vred Z,308

113,29 112,11 47,34 2,333

97,17 98,97 43,83 2,315

B-15 (7.40- 7.60) 84,59 86,20 38,19 2,316

oSf.vred 2,521

37,26 38,23 17,48 2,261

55,45 56,80 25,70 2,281

B-17 (4.30- 4.50) 62,19 63,56 28,77 2,273

oSf.vred 2,272

93,51 95,40 42,53 2,304

65,84 67,17 30,01 2,299

B-18 (7.40- 7.50) 77,33 78,98 35,60 2,281

ST.vred Z,295

75,94 77,53 34,65 2,300

72,59 75,05 34,11 2,299

B-19 ( 9.10- 9.30) 48,57 50.01 2263 7797

Sl.vred 2,299

86,31 87,97 38,78 2,328

49,94 51,12 22,82 2,312

B-20 (5.60- 5.90) 60,65 61,91 27,60 2,306

Slf.vred 2,510

63,39 66,89 31,11 2,305

65,37 66,39 29,05 2,335

B-21 (6.30- 6.60) 77,10 78,48 34,58 2,325

Sl.vred 2,522

44,43 45,11 18,93 2,437

47,46 48,57 20,32 2,475

BN-1 (11.70-11.90) 5304 5515 5713 AT

Slf.vred 2,402

35,03 35,94 17,00 2,181

42,43 43,40 21,28 2,092

BN-2 (19.60- 9.90) 58,90 61,51 30,66 2,106

of0.vVred Z,1Z0

Prilog br. 5.13.



SRPS B. B7. 126
CVRSTOCA NA PRITISAK
Objekat: Novo postrojenje za proizvodnju kre¢a RBB Bor
Oznaka uzorka Povrsina probnog tela Sila Jednoaksijalna Cvrstoca
cm? (kN) na pritisak MPa
58,06 102,4 17,64
B-1 ( 6.00- 6.30)
Srednja vrednost 17,64
58,06 123,7 21,31
B-2 (8.90- 9.10)
Srednja vrednost 21,31
58,06 31,70 5,46
B-3 (4.80- 5.10)
Srednja vrednost 5,46
58,06 131,80 22,70
58,06 184,30 31,74
B-4 ( 8.00- 8.30)
Srednja vrednost 27,22
58,06 14,40 2,48
58,06 16,90 2,91
B-5 ( 6.00- 6.25)
Srednja vrednost 2,70
58,06 31,3 5,39
B-6 ( 7.40- 7.80)
Srednja vrednost 5,39
58,06 22,7 3,91
B-7 (14.30-14.50)
Srednja vrednost 3,91
56,72 13,8 2,43
B-8 (9.20- 9.40)
Srednja vrednost 2,43
58,06 21,7 3,74
B-9 (11.90-12.10)
Srednja vrednost 3,74

Prilog br. 5.14.



SRPS B. B7. 126
CVRSTOCA NA PRITISAK
Objekat: Novo postrojenje za proizvodnju kre€éa RBB Bor
Oznaka uzorka Povrsina probnog tela Sila Jednoaksijalna &vrstoca
cm? (kN) na pritisak MPa

58,06 23,5 4,05
58,06 23,2 4,00

B-11 (11.50-11.80)
Srednja vrednost 4,02
58,06 46,1 7,94

B-12 ( 9.20- 9.40)
Srednja vrednost 7,94
58,06 129,6 22,32
40,69 97,4 23,94

B-14 ( 8.40- 8.60)
Srednja vrednost 23,13
58,06 67,0 11,54

B-15 ( 5.60- 5.80)
Srednja vrednost 11,54
58,06 139,2 23,98

B-15 ( 7.40- 7.60)
Srednja vrednost 23,98
58,06 3,8 0,65

B-17 ( 4.30- 4.50)
Srednja vrednost 0,65
55,39 15,1 2,73

B-18 ( 7.40- 7.50)
Srednja vrednost 2,73
58,06 16,8 2,89

B-19 ( 9.10- 9.30)
Srednja vrednost 2,89
58,06 4,4 0,76

B-20 ( 5.60- 5.90)
Srednja vrednost 0,76
58,06 186,7 32,16

B-21 ( 6.30- 6.60)
Srednja vrednost 32,16
58,06 216,9 37,36

BN-1 (11.70-11.90)
Srednja vrednost 37,36
58,06 48,0 8,27

BN-2 ( 9.60- 9.90)
Srednja vrednost 8,27

Prilog br. 5.15.



SRPS B. B7.127
CVRSTOCA NA ISTEZANjE
Objekat: Novo postrojenje za proizvodnju kre¢a RBB Bor
Oznaka uzorka Povrsina probnog tela Sila Jednoaksijalna ¢vrstoca
cm’ (kN) na istezanje MPa
60,20 37,8 3,99
B-1 ( 6.00- 6.30)
Srednja vrednost 3,99
70,52 15,7 1,41
B-2 (8.90- 9.10)
Srednja vrednost 1,41
71,38 50,1 4,46
B-4 ( 8.00- 8.30)
Srednja vrednost 4,46
54,18 9,7 1,14
B-6 ( 7.40- 7.80)
Srednja vrednost 1,14
68,80 2,9 0,27
B-7 (14.30-14.50)
Srednja vrednost 0,27
68,80 8,6 0,79
B-9 (11.90-12.10)
Srednja vrednost 0,79
72,24 27,5 2,42
B-15 ( 7.40- 7.60)
Srednja vrednost 0,81
73,10 46,2 4,01
B-21 ( 6.30- 6.60)
Srednja vrednost 4,01
60,20 24,4 2,57
BN-1 (11.70-11.90)
Srednja vrednost 2,57
69,66 18,1 1,65
BN-2 (19.60- 9.90)
Srednja vrednost 1,65

Prilog br. 5.16.



SRPS B.B8. 121.
BRZINA PROSTIRANIJA ULTRAZVUCNIH TALASA
Objekat: Novo postrojenje za proizvodnju kreca RBB Bor
8 g 8, I =
g 88 | 8= S I < B o 3 .
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L (mm) Tp(us) | Ts(us) | ykN/m3 | Vp (km/s)| Vs (km/s)] E (Mpa) u
B-1 ( 6.00- 6.30) 93,00 41,50 78,00 2,243 2,24 1,19 8307 0,30
B-3 (4.80- 5.10) 118,00 115,60 230,30 2,361 1,02 0,51 1651 0,33
B-6 ( 7.40- 7.80) 106,00 72,60 138,40 2,268 1,46 0,77 3486 0,31
B-7 (14.30-14.50) 84,00 82,90 157,00 2,210 1,01 0,54 1653 0,31
B-9 (11.90-12.10) 105,00 69,90 143,60 2,300 1,50 0,73 3307 0,34
B-12 (19.20- 9.40) 108,00 66,60 123,90 2,278 1,62 0,87 4489 0,30
B-15 ( 5.60- 5.80) 96,00 52,90 105,00 2,308 1,81 0,91 5132 0,33
B-15 ( 7.40- 7.60) 129,00 53,50 103,80 2,321 2,41 1,24 9457 0,32
B-19 (19.10- 9.30) 98,00 112,60 225,60 2,299 0,87 0,43 1158 0,33
B-20 ( 5.60- 5.90) 100,00 124,00 247,20 2,315 0,81 0,40 1009 0,33
B-21 ( 6.30- 6.60) 86,00 27,40 51,10 2,322 3,14 1,68 17077 0,30
BN-1 (11.70-11.90) 109,00 29,90 56,80 2,462 3,65 1,92 23724 0,31
BN-2 ( 9.60- 9.90) 151,00 69,80 136,60 2,126 2,16 1,11 6876 0,32

Prilog br. 5.17.
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