A :FH%.E;THTH ¥ HMLLY sy OCHOBHE AKAAEMCHE CTYAMJE
pa HCED ADKHTEHTOHCHM nTET )
oy KaTeapa 32 MaTepHjane M KOHCTDYIABGE Crygujckm nporpas: FTPABEBHHAPCTBO
M A | GETOHCKE KOHCTPYHUMIE VI cemectap 2019/2020
BETOHCKE KOHCTPYKLUMJE I
CEMECTPMHH PAA nmet 2
CryneHT bpoj MHaekca MNopatke nao

3agaTtak 4.1 | AB pam - nomepmmeocT; AB cTyGosmM - gywoiHa M3BMjatba, BHTHOCT

Jate AD pasm je QS0 NPOCTORHE OHEWDHE HOHCTPYELM]E.
AR pamoBM C2 HANA3E Ha mefycoiHoM OCDEMHCKDM pacTojarey L= _ 6%0 om. 33 jegad cpenrd AL pas:

YCBOJHTH QUMEHIM)E NoMpevHor npeceka AD cryBoea W AD rpeaa,

MIBDLMTH AHANMEY BEDTHEANHOD W XODHIOHTANHOr onTepehictna,

MEBDLMTH KAACHPHEALMIY KOHCT DYHLMIE NPEMA GCETHHMEDCTH HA AOPHEOHTANHA NOMEPAKA,
CDAYYHATH JyMMHY HEEHjaka (edexTHEHY OymuHy) AGcrySosayoow 1 2 (3 M4,
CPAYYHATH BHTHOCT CTYHOER ¥ ZAOATO] CCH. -

ArpecHEHOCT CREgHHE j&: n:naﬁa,j’-n-:-pe.a.l-u;:‘; JAma.

- -

i A
@ @ 3) @
I=__ 700 om
h=__ 300 cm =
w=_ 0.7 kNim
MB__ 30
B500E
CBM NOTpeGHM AMjarpemms- o Do b0 o b 3 T ——
HANAIE T2 Y L l L
NPAAOTY y3 zagaTtax 4
o - - I.-'"'“HI
O, (2) (3) 4)

3apatak 4.7 | Ab cTyGoBm - gMMEHIHOHHCAKLE ¥ 06nacTH "cpefie” BMTHOCTH

AR cryboBe v 3A03T0] GCH AMMEHEMOHWOATH HA0 SNeMeHTE ¥ CONACTH "Cpeare” BMTHOCTH.

HAMOMEHA: Ywonwwo cs AB cryGoeu y 3303T0] 0CM HANA3S ¥ 0ONACTH "Mans” 1wns "BenMEs" EMTHOCTH,
VCBOJHTH JHMEHEMH]E NoNpeYHor Npeceka Ma yonoea 25 = A < 75,

MAaH apwaType HaUDTaTH ¥ padmeps 1:25 (nogysds npecek) W 1:10 (nonpeusHKd npeceum).

3agaTtak 4.3 | Ab cTyBoem - gumeH3MoHMCaILE Y 0BNacTH "BENMKE" BMTHOCTH

AR cryboBe ¥ 3A03T0] GCH AMMEHEHOHWOATH KA SNeMEHTE Y OONACTH "Benuee" BHTHOCTH.

HAMOMEHA: Ywonwwo ce AB cTyGoeM ¥ 230aT0] 0CM HANA3S  0ONACcTH "Mans" uaM "Cpegrme” BMTHOCTH,
VCBOJHTH HMEHIM]E NONpevHOr NPeceka M3 yonoea 75 = A £ 140,

MnaH apsaType HAUDTATH y passepd 1:25 (nogysHM npecer] w 1:10 (nonpesHs npeceumM).
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3apartak 4.1

L=690cm
MB30
MY X If‘\, ”‘

@ @ \% @ Bsoos
ApeCMBHOCT cpeanHe:
cpeama

300
w=0.7 kN/m?
300
300
7 D7 V4 b/
700 700 700
@ @ 3) @)
9P
LLLJ LI L L L] L LL L L L] LI
L L [ R PR R R PR N LL L L L] L]
[——Ww
300 a.p [ |
L] RPN U N LL L LI LLL]
300 =
7 7 7 b7
700 700 700
@ 2 © @
15 i) tH Hi
H 1 1 g1 690
H 1 aa {1

be10HCKe KOHCIpYKUMje £ LeMeCt PdJIHN Pay — 3aididK 4 KaHanyar:



1) YcBajarbe agmMeH3uja nonpeyHor npeceka Ab cty6oBa u rpege

o MNJIOYA

[e6/bMHa nnoye TUNCKOr cripaTta

== =22-19,71 cm => ycBajam d =20 cm
35 35

2) AHanu3sa ontepehemwa
AHanusa ontepehera 3a nNi1o4y TMNCKOr crnparTa
-CcTasiHO onTtepehewe

o 3anpeMMHCKa TeXMHa Aeb/bMHa ’
: kN/m’ m kN/m?
XpacToB NnapkKeT 8 0,025 0,2
ONMHAUT 18 0,025 0,45
MpLuaB 6eToH 22 0,04 0,88
AB KOHCTpyKUMja 25 d=0,2m 5
nnacgoH 19 0,015 0,285
rg 6,815

- noBpeMeHo (KopucHo) ontepehemne

kN
pp = 270 F

e 'pepa

AuMeH3uja rpege
__ v _ 1

10+15 12
_ L 700

= — =-—= 58,33 => ycBajam d =60 cm
12 12

b =40 cm

ConcTteBeHa TeXuHa rpeje:
kN
ggr=b-d vep =03-06-25=45—

: : kN
gs =8 L =6,815:690 = 47'023E

YKynHo ctasiHo ontepehemwe Ha rpegy:

Ges = Gis + Ggr = 47,023 + 4,5 = 51,523~

BeTOHCKe KOHCTPYKUMje 2 CeMecTpantu paj — 3aaarak 4 KaHaupat:



YKynHo nosBpeMeHo(KopucHo) ontepehewe Ha rpeay:

kN
Pts =DPp L=15-690= 10,35E

o CTYBOBU

- AMMeH3Muja cTyb6a

(0]
> <0,35
0,7-fpk
5. — Ng _ Ng+Np
0 Ap Ap

HopManHa cuna y cTy6y of, ekcnioaTauMoHor ontepehema:
Nyes = (ges + Pes) - L = (51,523 + 10,35) - 7,0 = 433,111 kN
N, =3+ Ny = 3-433,111 = 1299,333 kN

o _ N _ 1299333
b = 03507fpk  0,350,7-3,0

b=.,/4, =+1767,8 =42,04cm =>ycBajam b =45 cm

= 1767,8cm?

ConcTBeHa TeXMHa CTy6a2
gs =b?+H -y, = 0,45%-25 = 5,06 kN/m

*[lejcTBO BEeTpa
W=W-L=0769= 4,83%\]
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*Cen3MMYKa aHa/M3a

- CEU3MHNYKE Mace

m; = gis7,0:34+0,5p,5-70-3+4-3,0-gs=1251,378 kN
my, = g 7,0:3+05p5-70-3+4-3,0-gs=1251,378 kN
My = g4 7,0:34+05p5-70-3+4-1,5-gs=1221,018 kN

- YKYMNHa XOp130HTaJ/IHa CeM3MMYKa cuna
S=k-G

YKynHa TeXKMHa o6jeKkTa npema YnaHy 19. (MpaBUHMK O TEXHUYKMM
HOpMaTMBMMA 3a U3rpajmy objeKkaTta BUCOKOrpaate y CEU3MUYKUM
noapy4juma):

G=Xm=my+m;+m3=3723,774 kN

YKYNHU CEN3MMYKM KOoedPUUMIEHT 3a XOPU3OHTAJIHKU NnpaBsal;:
k=k0'ks'kd'kp

ko = 1,0 - KoeduruujeHT KaTeropuje objekTa

kq= 1,0 -KoedUUUjEHT CEUIMUYKOr MHTEH3UTETA

ks = 0,05 (VIIl zona) -koedUUMjEHT AMHAMMUYHOCTU

kp = 1,0 -KoedUUMjEHT AYKTUAUTETA M NPUTYLLIEHA
k=1,0-0,05 -1,0-1,0

k =0,05

S=k-G=0,05-3723,774 = 186,187 kN

- pacnopej CenMaMU4KHUX CUJjlia

G..H.
S, =8 2L
2 Gi*Hj
Gy-H 1251,378°3
S1=S§" Sk = 186,187 - = 31,41 kN
GyHy+Gy-Hyt+Gy-Hs 1251,378:3+1251,378-6+1221,0189
G,-H 1251,3786
S, =5" 2 2 = 186,187 - = 62,82 kN
GyHq+Gy-Hy+Gs-Hs 1251,378:3+1251,378-6+1221,0189
GaH 1221,0189
S35 =S8 3 3 = 186,187 - = 91,95 kN

G1'H1+GyHy+G3Hs 1251,378:3+1251,378:64+1221,018:9
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3)KnacudurKaymja KOHCTPYKLUjE NpeMa 0CeT/bMBOCTH Ha
XOPM30HTaJIHA NoMepara

KoHCTpyKUMja ce MoXe cMmaTpaTu NPakTUYHO HEMOMEP/bUBOM YKOJIMKO
je ucnyreHo:

. xQ .
He [f54-<02+01'n ,n<3
H- 22 <06 n>4
Y Eplp

YKynaH 6poj cnpaToBa KOHCTpYyKLUMje:

xQ
X Eplp

<02+01-3

YKyrnHa BUCMHA AedopMabUIHOr NOMEP/bUBOI Aesla KOHCTpYKuMje:
H=9m

CyMa CBUMX BEPTUKAJIHUX €KCrnJ10aTauynOHUX OrlTepehel-ba:
ZQ = 3'(gts+pts)'(3'l)+4'9;0'gs

>Q = 3- (51,523 + 10,35) . (3 . 7) +4-9,0-4,83

> Q =4071,879 kN

Ep = 31,5 GPa = 31,5 - 109~ = 31,5 - 106~ (43 Tabere 8)
m m
b-d® 0,450,453

I, = = = 0,003417188 m*
12 12

YE Iy =4-E,-I, =4-31,5- 106 - 0,003417188 = 430565,625 kNm?
, 4080,279
9 430565,625 =05

0,88 = 0,5 => cucTteM je ca noMmep/bMBUM YBOPOBMMA
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4) lyxkmHa usBujamwa (edeKTuBHa ay*kmMHa) Ab cty6osa y ocu ,,3”

hy=k-h

- KoeduumnjeHT ¥

(),

-yBoposn 3,7, 11, 15

Y =

W, =0
Z(ﬂ) (ﬂ) +(ﬂ 107641,406 , 107641,406
— h/s _\h/3—7 \h/7-q1 __ 3 ' 3 _
l1’17 — Z(ﬂ) = (ﬂ) +(ﬂ = 170100, 170100 — 1,476
L/R 6-7 \l/7-8 7 7
El El El 107641,406  107641,406
W L h/s _ \h 7—11+ h/11-15 __ 3 + 3 — 1.476
11 — Z(ﬂ) = (ﬂ) +(ﬂ) = 170100 , 170100 - 1,
lL/R l/10-11 \ 1 /11-12 7 7
El El 107641,406
W _Zhs_ h/11-15 - 3 — 0.738
15 — Z(ﬂ) = (ﬂ) +(ﬂ) = 189000, 189000 — Y
LJR l J14-15 \ 1l /15-16 7 7

(1L,0+0,15- (W, +W,)
ko= mm{ 20+03-W .

- CTY6 3-7

k., = min{l’o +0,15- (0 + 1,476) = 1,221
B 2,0+03-0=2,0

hy_7, =ks_,-h=1,221-3,0=3,664m

=> ks, =1,221

- cTYy6 7-11

ko, = mm{l,o + 0,15- (1,476 + 1,476) = 1,443
- 2,0+03-1,476 = 2,443

hy_11=k,_1;-h=1443-3,0=4,328m

=> k7_11 = 1,4‘4‘3

- cTy6 11-15

Kygis = min{l’o + 0,15- (1,476 + 0,738) = 1,332
- 2,0+0,3-0,738 = 2,221

Rii 15 = kiq15-h =1,332-3,0 = 3,996 m

=> k11_15 == 1,332
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5) Butkoct Ab cty6oBa y ocH ,,3”

A=

l
3a CBe CTyboBe i = b

Ap
- CTY6 3-7
hi _ 3,664
)\3_7 —_— T —_— 013 —_— 28,18
- cTy6 7-11
hi _ 4328

)\7_11 — T —_— 0’13 —_— 33,29
- cTy6 11-15

h;, 3,99
A =—1== = 30,74
11-15 = 0,13 ’
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Osnovni podaci 0 modelu

Sadrzaj

Ulazni podaci
Ulazni podaci - Konstrukcija

Ulazni podaci - Opterecenje

Rezultati
Modalna analiza
Seizmicki proracun
Staticki proracun
Datoteka:

Datum proracuna:

Nacin proracuna:

Teorija I-og reda B Modalna analiza

I:l Teorija Il-og reda B Seizmicki proracun

I:l Nelinearan proracun

Velicina modela

Broj cvorova:

Broj plocastih elemenata:

Broj grednih elemenata:

Broj granicnih elemenata:

Broj osnovnih slucajeva opterecenja:
Broj kombinacija opterecenja:

Jedinice mera
Duzina:

Sila:
Temperatura:

Osnovni podaci o modelu

ugledni primer4.twp
25.3.2020

2D model (Xp, Zp, Yr)

16

21
24

m [cm,mm]
kN
Celsius

|:| Stabilnost

|:| Faze gradjenja

10

11

12

13

14

BeToHCKe KOHCTpyKLuuje 2

CeMecTpantu paj — 3aaarak 4

KaHaupat:



Tabela materijala

Ulazni podaci - Konstrukcija

No Naziv materijala | E[kN/m2] [ u | y[kN/m3] | at[1/C] | Em[kN/m2] [ um |
| 1 [Betoni MB 30 | 3.150e+7| 0.20] 25.00 | 1.000e-5 | 3.150e+7| 0.20]
Setovi gredal
Set: 1 Presek: b/d=45/45, Fiktivna ekscentricnost

Al A2 A3 11 12 13
2 1 - Betoni MB 30 2.025e-1  1.688e-1  1.688e-1  5775e-3  3.417e-3  3.417e-3
-j
J V 3
ey
[em]
Set: 2 Presek: b/d=30/60, Fiktivna ekscentricnost
Mat. Al A2 A3 11 12 13
2 1 - Betoni MB 30 1.800e-1  1.500e-1  1.500e-1  3.708e-3  1.350e-3  5.400e-3
8‘[’
JL V ’
h—ar—q
[cm]
Setovi tackastih oslonac
K,R1 K,R2 K,R3 K,M1 K,M2 K,M3
L1 ] 1.000e+10 1.000e+10 1.000e+10 1.000e+10 1.000e+10 1.000e+10
o v e
Izometrija
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Ulazni podaci - Opterecenje

No Titulli pX [kN] pY [kN] pZ [KN]
1 g (g) 0.00 0.00 -3428.20 8 Komb.: 1.9xI+2.1x11+2.1xIl 91.29 0.00 -7882.88
2 p 0.00 0.00 -652.05 9 Komb.: 1.9x1+2.1xI1+2.1xIV -91.29 0.00 -7882.88
3 wl 43.47 0.00 0.00 10 Komb.: 1.3xI+1.3x11+1.3XV 242.05 0.00 -5304.32
4 w2 -43.47 0.00 0.00 11 Komb.: 1.3xI+1.3x11+1.3xV| -242.05 0.00 -5304.32
5 Sx1 186.19 0.00 0.00
6 Sx2 -186.19 0.00 0.00
7 Komb.: 1.9x1+2.1xI1 0.00 0.00 -7882.88
Opt. 1: g (9) Opt. 2: p
p=47.02 p=10.35
LI I LTI TP TTTITTTTITT] TI I T T T I T I Il T T T ITITTTI
p=47.02 p=10.35
LI I LTI T T I I T TTTTTT] TI I T T T I VT I T I T T VITITTTI
p=47.02 p=10.35
LI T LI T TP T T T TTTT] TI I T T I VI I LI T T VITITTTI
Opt. 3: wl Opt. 4: w2
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Faktori opterecenja za proracun masa

Modalna analiza

No Titulli Koeficienti
1 9@ 1.00
2 |p 0.50
3 wl 0.00
4 w2 0.00
Nivo Z[m] X [m] Y [m] Masa [T] T/m2
0.00 10.50 0.00 382.82
Ukupno: 0.00 10.50 0.00 382.82

Periodi oscilovanja konstrukcije] )

No T[s] f[Hz]

1 0.5557 1.7994
2 0.1731 5.7769
3 0.1005 9.9529
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Seizmicki proracun: JUS (Ekvivalentno staticko opterecenje)

Kategorija tla:
Seizmicka zona:
Kategorija objekta:

Seizmicki proracun

I
VIl (Ks = 0.050)
I

Vrsta konstrukcije: 1
Kota ukljestenja: Zd=0.00m
Titulli T [sec] a ]
Sx1 0.556 0.00
Sx2 0.556 180.00
Raspored seizmickih sila po visini objekta (Sx1)
Nivo Z[m] S [kN]
0.00 186.19
= 186.19
Raspored seizmickih sila po visini objekta (Sx2)
Nivo Z[m] S [kN]
0.00 186.19
= 186.19
Raspored masa po visini objekta
Nivo Z [m] X [m] Y [m] Masa [T] T/m2
0.00 10.50 0.00 382.82
Ukupno: 0.00 10.50 0.00 382.82
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Staticki proracun

Opt. 7: 1.9x+2.1xII

Uticaji u gredi: max N1= 53.04 / min N1=-2660.33 kN

0 0
2 2
o o
3 3
0 [al [al 0
o ' ' o
S S
l <
321.96 -39.15 39.15 (|~ -321.96
S 2 a g
S 3 @ T ¥
© I~ ©
g < g
2 B
0,63 19.51 219.51 230
195.63 : -3.78 3.78|N -195.63
¢ 5 5 g
& 2 b g &
g 3 g
220,01 1415 -14.15 220.0
171.67 -13.17 W 13.17 -171.67
el IQ O
N o 3
© 2 %
N ~ N
”i-ss.w 5.41) i E:XT 85.19 z"
Uticaji u gredi: max M3= 321.96 / min M3= -539.36 kNm
Opt. 7: 1.9x+2.1xII
L] 5 3 S L
i 3 3 3 ]
] 3 ] g ]
L] 2 2 p m
-416.50 ~ -897.31 o -897.31 ~ -416,50
] o~ < o~ ]
o o o
— ~ o ~ —
-852.06 0 -1775.56 n -1775.56 n -852,06
-1281.11 n -2660.33 N -2660.33 N -1281.11

Tower - 3D Model Builder 6.0
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Opt. 8: 1.9x1+2.1xI+2.1xIll

Uticaji u gredi: max N1= 45.25 / min N1= -2661.65 kN

& ?i
o~ <
3 ? 2 2
@ N
o o
319.88 - > -47.83 " 29.20 . -327.96
< S S 2
B e a @ 3
hi © o ™ A
~ o 2
g < 5
a a
222,06 24,00 -14.26 231
187.79 X 7.65 o 19.71 -211.46
. 3 & £ =
3 B ' ~ 2 ¥
; ] =
E: S 3
203,52 /? 0 5 229
160.26 W 239.63 W “12.46 W -188.57
- o
N _ ¥
~ ~ ~
~ o~
”&-42.39 42.451_, 31.22_1_, 117.04 Z_Z_,
Uticaji u gredi: max M3= 319.88 / min M3= -545.91 kNm
Opt. 8: 1.9xH+2.1xI+2.1xlIl
— — —_——— —
L] 3 2 S L]
a g = $ a
i R 2 5 i
m o < & M
-415.69 = -896.72 = -897.13 s -418,09
o - 0
By o 8
o & o
-846.79 o 177551 o 177482 ks -858.13
-1268.33 -2661.65 B -2658.48 B -1294.43

Tower - 3D Model Builder 6.0
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Opt. 9: 1.9x+2.1xI+2.1XIV

Uticaji u gredi: max N1= 45.25 / min N1= -2661.65 kN

§ S
< o~
8 o ? 3
R =
b o
327.96 o 329.20 47.83\|2 - -319.88
2 A
Bl & S
v [ g © ‘Of
© o N
by S g
2 5
117 14.26 -zﬁ\ 222
BN
211.46 o 19.71 |= W 27.65 |2 -187.79
o o I L N
i 8 R ' 3 2
g 3 3 '
9,91 -5.60 -3&\ 203
188.57 W 12.46 W 39.63 W -160.26
~ Iy
< _ ~
~ ~ ~
~ o~
”i-mm A2 Al-42.45 42.891"
Uticaji u gredi: max M3= 327.96 / min M3= -545.91 kNm
Opt. 9: 1.9x+2.1xIH+2.1xIV
- 3 & 2 -
Ll 3 = g Ll
. o ©° o 1
-418.09 L -897.13 - -896.72 = -415.69
Q jad &
i o o
-858.13 ~ 177482 il -1775.51 o) -8
-1294.43 -2658.48 N -2661.65 N -1268.33 N

Tower - 3D Model Builder 6.0
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Opt. 10: 1.3xH+1.3xI+1.3xV

Uticaji u gredi: max N1= 43.51 / min N1= -1798.76 kN

R o
g 3 3 & -
o s 3 N h3
8 2 ' g g
N ' ' o
=
174.55 ] -94.29 = -41.65 3 -258.41
2 5 2
i 2 7 ' 3 ” = #
= = $ 8 o S
&m E F 2 a
34,44 / /Qs 175/%{
69.13 \ : -99.5W -94.4W -193.94
3 < s
< p n
‘i g g S . g /
6,62 00L61 81.59 /Z 199/
64.67 W -90.7W /-72.99W -166.19
S = A
5 e 8
~ - -
N 126.24 119.37 164.94
Uticaji u gredi: max M3= 211.98 / min M3= -441.75 kNm
Opt. 10: 1.3xH+1.3xI+1.3xV
~ o (3]
L - N — 0 7
g = g
] . N ] 2 H
1 o - ] ~ 1
-269.24 o :605.70 S :601.64 S :291.53
5 N 8
o " N
-539.76 N 119923 o -1180.81 al :607.42
-800.96 -1798.76 |, -1780.75 B -923.86 B
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Opt. 11: 1.3xH+1.3xI+1.3xVI
o~ p
- 5 3 3 g
< 2 2 3 <
& 8 ' 2 b
o ' <
=
258.41 3 41.65 \|% 94.29 | [ -174.55
2 ~ i
§ Q & < & < ~
@ ~ ' ~ N ® 5
i N 0 n o 3
] R e o = S
- 8 \ AN
\ﬁsm -3% i 1.90 134 44//(2
193.94 o WM.% N Wf)._rm : W /-69.13
< i <
n o p < A
& 8 & 7 ] h R ©
8 & g g s <
x - x - ' * T
\1\& 24 81)59 -100.6
166.19 Wﬂ.w Wo.m -64.67
0 = ~
g g 2
- ~
-164.94 o \-119.37 -126.24 n
Uticaji u gredi: max M3= 258.41 / min M3= -441.75 kNm
Opt. 11: 1.3x+1.3xI+1.3xVI
L b4 - R = L]
n N ] g g |
i I L] 3 o ]
M ~ 1 < o M
-291.53 N -601.64 I -605.70 o -269.24
$ $ b
~ P o
-607.42 L -1189.81 b -1199.23 ~ -539.76
-923.86 N -1780.75 N -1798.76 N -800.96
Uticaji u gredi: max N1= 43.51 / min N1=-1798.76 kN

Tower - 3D Model Builder 6.0
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4.2. AmmeH3noHucarwe Ab cTy6oBa ,,cpeare” BUTKOCTM Y ocH ,,3”

Cry6 3-7

1) KoM6MHauuja ontepeherwa 1,9-.g+2,1-p+2,1-w (fECHO)
MakcumanHa ountaHa BpegHocT N, => Ny = 2661,65 kN (npuTtUcak)
Oarosapajyha oumtaHa BpegHocTt M, => M, = 42,45 kNm

M, =N,-e

e=e;t+eyteytey

M ,45
e =—=—2%_—00159m=>e; =1,59 cm
N 2661,65

hi
2cmSeO=ES10cm

hi 3664,4
ey = = =1,22cm =>e3=3cm
300 300

-UCNyHEH je yCNoB Aa je BUTKOCT A <50(A=28,18 )=>e, =0

3=2—559=0,035 => 0<>=0035 <03 =>

d
=>eII=d'/11_TZOS' 0,1+%
ey = 45-2-22-./0,1+ 0,035 = 0,53 cm => ey; = 0,53 cm

e=e t+e +e,+e=159+2+0+053 =>e=4,12cm

N, = 2661,65 kN (nputHncak)

M, = N,-e
M, = 2661,65 - 0,0412 = 109,66 KNm
_ Ny _ My
Ny = b-d-fy, My = b-d2-fy,
Ny _ 266165
Ny = b-df, 4545205 0,641
m, = My _ 10966100 _ 0,059

b-d2-f,  45-452-2,05

U3 Aujarpama nHtepakumje =>p<0=>p=p_. = (0,8+1,0) %
N A 28,18
Honin =g~ 0,4 = c0 04=016%=>p=p_. = (08+10) %

A, =tmin. . q=22.45.45 = 20,25 cm?
100 100
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Cry6 3-7
2) koMbuHaumja ontepehemwa 1,3-(g+p+s) (AecHO)

Oarosapajyha oumtaHa BpegHocT N, => N, = 1798,76 kN (nput1cak)
MaKkcnmanHa ountaHa BpegHoct M, => M, = 126,24 kNm

M, =N,-e

e=e;t+eyteytey

e == =225 — 00702m =>e; = 7,02 cm

N 179876

hi
2cmSe0=ES10cm

hi 3664,4
ey = = =1,22cm =>ey3=2cm
300 300

-UCNyHEH je yCoB Aa je BUTKoCT A<50(A=28,18 ) =>e, =0

g4 _7% _0,156=> 0<<=0,156 <0,3 =>

d 45 d

=>eII=d'/11_TZOS' 0,1+%

e = 45222222 01+ 0,156 = 0,724 cm => e = 0,72 cm

10
e=e1+e0+e(p+en—7,02+2+0+0,72—>e=9,74cm

N, = 1798,76 kN (nputucak)

Mu = NU e
M, = 1798,76 - 0,0974 = 175,2 KNm
_ Ny _ My
M =48, My = a2z,
Ny _ 179876
Ny = b-dfy, 4545205 0,433
m, = My _ 1752:100 _ 0,094

b-d2-f,  45-452-2,05

u3 gmjarpama nHtepakumje =>pu<0=>pu=pu_. = (0,8+1,0) %

min
\ A 28,18
Hmin =50~ 0% = 50

=0,16% => b =y, = (0,8 +1,0) %

A, ="tmn.p. d—— 45 - 45 = 20,25 cm?
100

U3 CBUX |<0M6MHau,|4]a cnepm pa je A, = 20,25cm?
YcBojeHo 12 ¢ 16 (Aa = 24,12 cm?)

Tower - 3D Model Builder 6.0 Registered to as Radimpex - www.radimpex.rs



Cty6 7-11

1) KoM6MHauuja ontepehera 1,9-.g+2,1-p+2,1-w (feECHO)
MakcumanHa ountaHa spegHocT N, => N, = 1775,51 kN (nputuncak)
Oarosapajyha oumtaHa BpegHoct M, => M, = 33,90 kNm

My, =N,-e

e=e;t+eyteytey

ep===—22 —-00191m=>e =1,91cm

N 177551

2cm<e0=%<10cm

eo—% %— 1,44 cm =>ey=2cm

-UCNyHEH je ycoB Aa je BUTKoCT A <50 (A=3329 )=>e, =0
e _ 191

1= e = 0,042 => 0 < =0,042 <03 =>

d
=>eII=d'/11_TZOS' 0,1+%
ey = 45 -2 0,1+ 0,042 = 1,40 cm => e;; = 1,40 cm

e=et+e +e,+e=191+2+0+1,40=>e=5,31cm

N, = 1775,51 kN (nputmncak)

M, = N,-e
M, = 1775,51-0,0531 = 94,28 kNm
_ Ny _ My
M = 5ah Mu = gz g,
Ny _ 177551
Ny = b-dfy, 4545205 0,43
m, = My _ 9428100 _ 0,05

b-d2-f,  45-452-2,05

U3 Avjarpama nHtepakumje =>p<0=>p=p_. = (0,8+1,0) %
\ A 33,29

Min = 59— 04 = 55— — 04 = 0.26% =>p =y, = (08 +1,0) %
A, ="tmn.p. d—— 45 - 45 = 20,25 cm?

100
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Cry6 7-11
2) koMbmHaymja ontepehemwa 1,3-(g+p+s) (4€CHO)
Oarosapajyha oumtaHa BpegHocT N, => N, = 1199,23 kN (npuTtHcak)
MakcnmanHa ountaHa BpegHoct M, => M, = 100,61 kNm
M, =N,-e
e=e;t+eyteytey

M _ 10061 _ 0,0839m =>e; = 8,39 cm

e ===
N 119923
hi
2cm<ey;=-—<10cm
300
hi _ 4328
eg=—=">"—=144cm =>ey=2cm
300 300

-UCNyHEH je ycoB Aa je BUTKoCT A <50 (A=3329 )=>e, =0

g_-3%39_0186 => 0< 1= 0,186 <03 =>

d 45

=>eII=d'/11_TZOS' 0,1+%

e = 45-22222. /01 + 0,186 = 2,0 cm => ey = 2,0 cm

100
e=¢e te tep,+e=839+2+0+200=>e=12,39cm

N, = 1199,23 kN (nputHncak)

M, = N,-e

M, = 1199,23-0,1239 = 148,58 KNm
_ Ny _ My

Ny = b-d-fy, My = b-d2-fy,
Ny _ 119923

Ny = b-dfy, 4545205 0,29

m, = My _ 148,58-100 — 0,08

b-d2-f,  45-452-2,05

U3 avjarpama nHtepakumje =>p<0=>p=p_. = (0,8+1,0) %
W == — 0,4 = %—04—026%— p=p_. =(08+10)%
A, ="tmn.p. d—— 45 - 45 = 20,25 cm?

100

U3 CBUX KOMBMHauMja cneam aa je A, = 20, 25cm?
YcBojeHo 12 ¢ 16 (Aa = 24,12 cm?)
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Cry6 11-15

1) KoM6MHauuja ontepeherwa 1,9-.g+2,1-p+2,1-w (feECHO)
MakcumanHa ountaHa spegHocT N, => N, = 896,72 kN (nputmcak)
Oarosapajyha oumtaHa BpegHoct M, => M, = 47,83 kNm

My, =N,-e

e=e;t+eyteytey

e;====2% —00533m=>e =533cm
N 896,72

hi
2cmSe0=%S10cm

hi 399,6
eg=—=—"-=1,33cm =>ep=2cm
0 0
300 300

-UCNyHEH je ycnoB aa je BUTKocT A <50 (A=30,74 ) =>e, =0

& _33_012 => 0<¥=012 <03 =>
d 45 d
 A-25 el
=> en = d 100 0,1 + q
30,74-25
ey = 45 - V0I+012=121cm=>e;=1,21cm

100
e=et+e +e,+ey=533+2+0+121=>e=28,54cm

N, = 896,72 kN (npuTtncak)

M, = N,-e
M, = 896,72 -0,0854 = 76,58 kNm
_ Ny _ My
M = 3ty Mu = gz 1,
Ny _ 89672
Ny = b-dfy, 4545205 0,22
m, = My _ 7658100 0,04

b-d2-f,  45-452-2,05

U3 Avjarpama nHtepakumje =>p<0=>p=p_. = (0,8+1,0) %
N A 30,74
Mo = =0 0,4 = c0 04=021%=>p=p_,. =(08+10)%

A, =tmin.p.q=22.45.45 = 20,25 cm?
100 100
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Crty6 11-15

2) koMbmHaumja ontepehemwa 1,3-(g+p+s) (AecHO)
OproBapajyha ountaHa BpegHoct N, => N, = 605,7 kKN (npuTuncak)
MakcnmanHa ountaHa BpegHoct M, => M, = 94,29 kNm

My, =N,-e

e=e;t+eyteytey

e == =22 - 015567 m => e, = 15,57 cm
N 605,7

hi
2cm<ey;=-—<10cm
300
hi 3996
eg=—=—"—=133cm =>e;=2cm
300 300

-UCNyHEH je ycnoB Aa je BUTKocT A <50 (A=30,74 ) =>e, =0

& _1%7_ 35 => 03 < 4-035 <25 =>
d 45
=> eH—d A__ZS
160
e =45-22%22 — 1 61cm=>e; =1,61cm

160
e=e +e +e,+ey=1557+2+0+161=>e=19,18 cm

N, = 605,7 kN (npuTtHCaK)

M, = N,-e
M, = 605,7-0,1918 = 116,17 kNm
_ Ny _ My
M =g Mu = gz 1,
Ny _ 6057
Ny = b-dfy, 4545205 0,15
m, = M, _ 116,17-100 _ 0,06

b-d2-f,  45-452-2,05
U3 aujarpamMa MHTepakumje => g = 0,02

_ b 20,5 .
p=f-—=0,02 - 2= =0,0008 = 0,08%

=>p<0=>pg=p_. =(08+1,0)%

min
\ A 30,74
Hmin =50~ 0% = 50

=021%=>p=y_,,=(08+10)%

A, ="tmn.}p. d—— 45 - 45 = 20,25 cm?
100

U3 CBUX KOMBMHaUMja cieam aa je A, = 20,25cm?

YcBojeHo 12 ¢ 16 (Aa = 24,12 cm?)
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4.3. AnmeH3noHucamwe Ab ctyboBa ,,BesiMKe” BUTKOCTU Y ocH ,,3”
(75 < 1 < 140)

A=l

l
yCBOjeHo A = 75

b4—
i = I_ |z2__b
T AJAT b2 T viz
. _hj _ b _ Vi2'h; _ V12:366,4 _
=3 =75 => bh = T = 16,92 cm

yCBOjeHe AuMeH3uje ctyba b/d = 15/15 cm

1) KoM6MHauuja ontepehera 1,9-g+2,1+p

Vur =19 85" L+2,1-pis- L
Va1 =1,9-51,523-(3-7,0) +2,1-10,35-(3+7,0) = 2512,20 kN
Vi =198 L+ 21 p- L
Vuz =1,9-51,523-(3-7,0) +2,1-10,35-(3+7,0) = 2512,20 kN
Viz=19:gs L+ 21 p- L
Vus =1,9-51,523-(3-7,0) +2,1-10,35-(3+7,0) = 2512,20 kN

Hul = 0
Huz = 0
Hu3 = 0
AHux = ap - Vi
C[0+a1(Hull_<I+VUk)

d =

1 1_a1(Huk) LVyk Yk

H  XHykYk

dy = —

0™ 200

Ay, = 0 (o4MTaHo m3 ,,Tower-a”)

a1(H,+Vy) = 0 (04MTaHo M3 ,, Tower-a”)
1

(IH = ﬁ = 0,005

AH,, = ay - Vy; = 0,005-2512,2 = 12,561 kN
AH,, = ay -V, = 0,005-2512,2 = 12,561 kN
AH,; = ay - Vg = 0,005 2512,2 = 12,561 kN

Tower - 3D Model Builder 6.0 Registered to as Radimpex - www.radimpex.rs



2) koMbmHaumja ontepehemwa 1,9g+2,1p+2,1w(aecHo)

Vit =198 L+ 2,1 pis- L
Va1 =1,9-51,523-(3-7,0) +2,1-10,35-(3-7,0) = 2512,20 kN
Vio=19-8 L+ 21 pis- L
Vuz =1,9-51,523-(3-7,0) +2,1-10,35-(3-7,0) = 2512,20 kN
Viz=19-gs L+ 21 pis- L
Vuz =1,9-51,523-(3-7,0) +2,1-10,35-(3-7,0) = 2512,20 kN

Hy =21-w-3m=21-483-3m = 30,43 kN
Hy, =21-w-3m=21-483-3m = 30,43 kN
Hys =21-w-1,5m=2,1-4,83-15m = 15,21 kN

AHuk = - Vuk

a
1(H, 1 +V
o+ (ulli uk)
A = 1_a1(Huk) 2 Vyk Yk
H ZHuk'Yk
Ay, = —
0™ 200

ay(y,,) = 61,01mm(oumTaHo u3s ,,Tower-a”)

A1(Hy +Vy) = 01,01mm(ounTaHo us ,, Tower-a”)

1 0,06101
— 200 9 —
CIII - 0,06101 3-2512,2+62512,2+9-2512,2 — 0;003
9 3-30,43+6-30,43+9-15,21

AHy, = ay - Vy; = 0,003 - 2512,2 = 7,54 kN
AHy, = ay -V, = 0,003 - 2512,2 = 7,54 kN
AHy; = ay - Vs = 0,003 - 2512,2 = 7,54 kN

Tower - 3D Model Builder 6.0 Registered to as
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3) koMbmHaymja ontepehema 1,3(g+p+s) (4€CHO)

Vyu=19g. L+21 pg-L
V., =1,9-51,523-(3:7,0) +2,1-10,35 (3-7,0) = 2512,20 kN
V=19 g L+21 pg-L
V., =1,9-51,523-(3:7,0) +2,1-10,35 (3-7,0) = 2512,20 kN
Vs =19 g L+21 pe-L
V. =1,9-51,523-(3:7,0) +2,1-10,35 (3-7,0) = 2512,20 kN

Hy =1,3-S, = 1,3+ 31,41 = 40,83 kN
Hy, =1,3-S, = 1,3-62,82 = 81,67 kN
Hys = 1,3+ S = 1,3-91,95 = 119,54 kN

AHuk = GII - Vuk
a
1(H, 1, +V
o+ ( uk uk)

ap = d
Il 1_a1(Huk) 2 Vyk Yk
H  XHykYk

1

%o = 200
Ay, = 113,57 mm (o4uTaHo m3 ,,Tower-a”)

A1(Hy +Vy) = 113,57 mm(ountaHo 13 ,, Tower-a”)

1 0,11357
— 200 9 —
CIII - 1 0,11357 3-2512,20 +6:2512,20 +9-2512,2 — 0;0266
9 3-40,83+6:81,67+9:119,54

AHy, = ay -V, = 0,0266 -2512,2 = 66,82 kN
AHy, = ay - V,y = 0,0266 - 2512,2 = 66,82 kN kN
AHys = ay - V3 = 0,0266 - 2512,2 = 66,82 kN kN
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AnMeH3noHncawe Ab ctyboBa ,,BenMKe” BUTKOCTM Y OCH ,,3”

Cry6 3-7

1) KoM6MHauuja ontepeherwa 1,9-.g+2,1-p+2,1-w+AH, (A€cHO)
MakcuManHa ounTaHa BpegHocT N, => N, = 2739,04 kN (nputHcak)
Oarosapajyha oumtaHa BpegHocT M, => M, = 42,22 kNm

n, = —u m, = —u
U pdofy U pd2f
N 2739,04
n, =——= = 5,94
b-df,  15-15-2,05
M 42,22-100
m, = —" = = 0,61

b-d2-f,  15-152-2,05
U3 gMjarpama MHTepakumje => [ je BaH gujarpama MHTepakuumje

=> noTpe6Ho je nosehaTh AMMeEH3Uje nonpeyYHor npeceka.
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Rezultati
Modalna analiza 12
Seizmicki proracun 13
Staticki proracun 14
Osnovni podaci o modelu
Datoteka: p-delta.twp
Datum proracuna: 26.3.2020
Nacin proracuna: 2D model (Xp, Zp, Yr)
Teorija I-og reda B Modalna analiza |:| Stabilnost
|:| Teorija Il-og reda B Seizmicki proracun |:| Faze gradjenja
D Nelinearan proracun
Velicina modela
Broj cvorova: 16
Broj plocastih elemenata: 0
Broj grednih elemenata: 21
Broj granicnih elemenata: 24
Broj osnovnih slucajeva opterecenja: 12
Broj kombinacija opterecenja: 7
Jedinice mera
Duzina: m [cm,mm]
Sila: kN
Temperatura: Celsius

Tower - 3D Model Builder 6.0
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Tabela materijala

Ulazni podaci — Konstrukcija

No Naziv materijala | E[kN/m2] [ u | y[kN/m3] | at[1/C] | Em[kN/m2] [ um ]
| 1 [Betoni MB 30 3.150e+7| 0.20] 25.00 | 1.000e-5 | 3.150e+7| 0.20]
Setovi gredal
Set: 1 Presek: b/d=15/15, Fiktivna ekscentricnost

Mat. Al A2 A3 11 12 13
2 1 - Betoni MB 30 2.250e-2 1.875e-2 1.875e-2 7.130e-5  4.219e-5  4.219e-5
-j
1 7 s
15
e
[cm]
Set: 2 Presek: b/d=15/60, Fiktivna ekscentricnost
Mat. Al A2 A3 11 12 13
% 1 - Betoni MB 30 9.000e-2 7.500e-2 7.500e-2 5.687e-4 1.688e-4  2.700e-3
‘j
QJL %
1
[cm]
Setovi tackastih oslonac
K,R1 K,R2 K,R3 K,M1 K,M2 K,M3
L1 ] 1.000e+10 1.000e+10 1.000e+10 1.000e+10 1.000e+10 1.000e+10
hn o e -
Izometrija

Tower - 3D Model Builder 6.0
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Lista slucajeva opterecenja|

Ulazni podaci — Opterecenje

No pX [KN] pY [kN] pZ [KN]
1 |g 0.00 0.00 -3245.95 12 [sx -83.94 0.00 0.00
2 |p 0.00 0.00 -652.05 13| Komb.: 1.9x+2.1xI 0.00 0.00 -7536.61
3 [wi 43.47 0.00 0.00 14 [ Komb.: 1.9x+2.1xI1+2.1xII 91.29 0.00 -7536.61
4 w2 -43.47 0.00 0.00 15 | Komb.: 1.9x+2.1xI1+2.1xIV -91.29 0.00 -7536.61
5 | dH(g+p)u 37.68 0.00 0.00 16 | Komb.: 1.9x+2.1XII+V 37.68 0.00 -7536.61
6 |-dH(g+p)u -37.68 0.00 0.00 17 | Komb.: 1.9x+2.1xII+VI -37.68 0.00 -7536.61
7 |dHu(g+p+w)u 22.62 0.00 0.00 18 | Komb.: 1.9x+ 113.91 0.00 -7536.61
8 |-dHu(g+p+w)u -22.62 0.00 0.00 +2.1x11+2. 11+ VI
9 | dH(g+p+s)u 200.46 0.00 0.00 19 | Komb.: 1.9x+2.1xI+2.1XIV+ -113.91 0.00 -7536.61
10 [-dH(g+p+s)u -200.46 0.00 0.00 havdlll
11 [sxt 83.94 0.00 0.00
Opt. 1: g Opt. 2: p
ITITTTTTT TITTTTITTTT TITTIT] T T I TTITTTT
ITITTTTTT TIVITTTTTT TITTIT] TIVITTTTTT
ITITTTTTT TIVITTTTTT TITTIT] TIVITTTTTT
. - . - . .- - e
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Opt. 3: wl Opt. 4: w2
g [ 2
< <
& ] &
Opt. 5: dH(g+p)u Opt. 6: -dH(g+p)u
P=12.56 P=12.56
P=12]56 p=}2.56
P=12]56 p=42.56

Tower - 3D Model Builder 6.0
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Opt. 7: dHu(g+p+w)u Opt. 8: -dHu(g+p+w)u
P=7,34 p=7.54
=74 pd7.54
p7 ks pd7.54
Opt. 9: dH(g+p+s)u Opt. 10: -dH(g+p+s)u
P=66.82 £-06.82
p-6els2 p=k6.82
P=66182 P=h6.82
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Faktori opterecenja za proracun masa

Modalna analiza

Periodi oscilovanja konstrukcije] )

No T[s] f[Hz]

1 3.2796 0.3049
2 1.1620 0.8606
3 0.7966 1.2553

Tower - 3D Model Builder 6.0

No Titulli Koeficienti
1 |g 1.00 6 | -dH(g+p)u 0.00
2 p 0.50 7 dHu(g+p+w)u 0.00
3 |wl 0.00 8 -dHu(g+p+w)u 0.00
4 w2 0.00 9 | dH(g+p+s)u 0.00
5 dH(g+p)u 0.00 10 |-dH(g+p+s)u 0.00
Nivo Z [m] X [m] Y [m] Masa [T] T/m2
0.00 10.50 0.00 364.24
Ukupno: 0.00 10.50 0.00 364.24
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Seizmicki proracun: JUS (Ekvivalentno staticko opterecenje)

Kategorija tla:
Seizmicka zona:
Kategorija objekta:

Seizmicki proracun

I
VIl (Ks = 0.050)
I

Vrsta konstrukcije: 1
Kota ukljestenja: Zd=0.00m
Titulli T [sec] a ]
Sx1 3.280 0.00
Sx2 3.280 180.00
Raspored seizmickih sila po visini objekta (Sx1)
Nivo Z[m] S [kN]
0.00 83.94
= 83.94
Raspored seizmickih sila po visini objekta (Sx2)
Nivo Z[m] S [kN]
0.00 83.94
= 83.94
Raspored masa po visini objekta
Nivo Z [m] X [m] Y [m] Masa [T] T/m2
0.00 10.50 0.00 364.24
Ukupno: 0.00 10.50 0.00 364.24

Tower - 3D Model Builder 6.0
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Staticki proracun

Opt. 14: 1.9x1+2.1x11+2.1x11

5
[—60.97

‘ 64.08
=]

§ N4ﬂ ﬂ
‘\\J\u_

Uticaji u gredi: max Xp= 64.08 / min Xp= 0.00 m/ 1000

Opt. 15: 1.9x1+2.1x11+2.1xIV

-64.08 E

£

Uticaji u gredi: max Xp=-0.00 / min Xp= -64.08 m/ 1000

Tower - 3D Model Builder 6.0
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Opt. 16: 1.3x1+1.3xI1+1.3xXI

Opt. 17: 1.3x1+1.3x11+1.2xX11

Uticaji u gredi: max M3= 462.74 / min M3= -581.68 kNm
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Uticaji u gredi: max Xp= 114.17 / min Xp= 0.00 m/ 1000 Uticaji u gredi: max Xp= -0.00 / min Xp= -105.59 m/ 1000
Opt. 18: 1.9x1+2.1x1+V Opt. 18: 1.9x1+2.1x1+V
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Uticaji u gredi: max N1= 7.70 / min N1= -2733.97 kN
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Opt. 19: 1.9x1+2.1xI1+VI
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Uticaji u gredi: max M3= 462.74 / min M3= -581.68 kNm

Opt. 19: 1.9x1+2.1x1+VI
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Uticaji u gredi: max N1= 7.70 / min N1=-2733.97 kN

Opt. 20: 1.9x1+2.1x11+2.1x111+VII
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Uticaji u gredi: max M3= 461.12 / min M3= -605.13 kNm

Opt. 20: 1.9x1+2.1x1+2.1x111+VII
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Uticaji u gredi: max N1= 1.26 / min N1= -2739.04 kN
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Opt.
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21: 1.9x1+2.1xX11+2. IxIV+VIII
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Uticaji u gredi: max M3= 461.12 / min M3= -605.13 kNm

Opt. 21: 1.9x1+2.1x11+2.1xIV+VIII
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Uticaji u gredi: max N1= 1.26 / min N1=-2739.04 kN

Opt. 22: 1.3x1+1.3x11+1.3xXI
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Uticaji u gredi: max M3= 322.81 / min M3= -429.12 kNm

Opt. 22: 1.3x1+1.3x11+1.3xXI
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Uticaji u gredi: max N1=9.18 / min N1=-1852.02 kN
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Opt. 23: 1.3x1+1.3x11+1.3xXII
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Uticaji u gredi: max M3= 322.81 / min M3= -429.12 kNm
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Opt. 23: 1.3x1+1.3x11+1.3xXI1
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Uticaji u gredi: max N1=9.18 / min N1= -1852.02 kN
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