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JIuteparypa:

1.

Munan BHYPWh: CraTuka KOHCTPYKIIHja

1 TexHHuYKe TeopHje y MEXaHHIIH KOHCTPYKIIHja

1.

1.1

Teopuja npBoOr peaa -- IpUMeYyje ce IPU MPopauyHy KOHCTPYKIIKja KO KOjUX
Cy moMepama u gedopmalnje Majie BeludnHe (MacuBHE KOHCTPYKIHje)

. Teopuja gpyror pema — npuMemwyje ce IpU IpoOpadyHy KOHCTPYKIIUja, KON KO-

JUX Cy MaJle BeJIMUMHe TIoMepama (BUTKe KOHCTPYKIYje)

+ JIuHeapH30BaHa TeOpPHja APYyror pema

. Teopuja Tpeher pega — Teopuja KoHauHUX AedhopMalldja —- IPUMEBYje Ce Kaf

ce Tpaxu ONr0BOP KOHCTPYKIHKje Ha [ejcTBO onTepeherma Beher og KpuTuuHOT
ontepehema P > P, ompeheHor 1o Teopuju Apyror pefa.

OCHOBHH IIOjMOBH H YBeJleHe IMpeTnocTaBKe

PaBan wmram — je mrTan Kop Kora jegHa Off IJIaBHUX OCa MHEpILHUje MONPEeYHOr
IpeceKa IITalla JeXHU 3ajeJHO ca OCOM IITama y jeJHOj paBHU, OOHOCHO PaBHU
mITamna.

PaBHa medopMailiyja InTana -- moMepame TayaKa IITana Cy y paBHU Koje Cy Ia-
pasiejiHe paBHU IITala.

Kon3zepBaTuBHO onTepehewme —- ontepeheme unju pap npu gepopMalyju He 3a-
BUCH Of IIyTamke HallaJHUX TayaKa CUJa, Beh caMo o IOYeTHOT U Kpaj’er M0Jo-
XKaja TUX Tavaka.

,MpTBO onTepeheme” — KOH3epBaTUBHO onTepehere Koje mpu gedopMaluju He
Mema HY ITpaBall HU MHTEH3UTET, I1a Ce MOXKe CMaTpPAaTH Aa je onTepeheme 3agaTo
0 jequHULIY HenedhOpMUCAHOT IITara.

dusnyka nuHeapHOCT mpobieMa — Be3e u3Mehy HamoHa u gedopmarnuja cy au-
HeapHe, OOHOCHO BaXKu XYKOB 3aK0H (0 = Eg)

JluHeapHa pacIofena TeMiepaType —- TeMIlepaTypa Cce JMHeapHO Mema 110 BU-
CUHU IIpeceka, na 6u medopmanuja ycmen TeMmrnepaType O6una adpuna ca nedop-
ManujoM ycien ontepehema.

Marne gedopmaruje (reomeTpujcka TuHEapHOCT pobiema) -- nedopmalyje cy
MaJie BeJIMUMHe, I1a Ce MOT'y 3aHeMapUTH KBaApaTy U BUILIM CTETIEHH Kao U BUXO0-
BY M3BOJU M IIPOM3BOAU AedhopMalyjCKuX BennduHa. [locnenuia npeTnocTaBke
je ma cy Bese usMehy nomepama u gedopmalidja TMHEapHe.



* Mara momepama (CTaTH4Ka JTHHEAPHOCT Mpo0ieMa) -- ToMeparha HallagHUX Ta-
YyakKa Cuja y yCJIOBUMA PaBHOTEXKe Cy Majie BeJU4YuHe, ITa Ce MOTY 3aHeMapUTH
KBafIpaTH ¥ BUIIH CTEIIEHHU ToMeparha. I1ocennia NpeTnocTaBKe je fa ce YCIOBH
PaBHOTEXKE MOTY IIOCTAaBUTH HA HemehOPMUCAHOM IITAIy.

» JIuHeapu3oBaHa TeOpHja APYTOr pefa —- MPOU3BOA CTaTU4Ke U JedopMalrjcKe
BeJIMUMHE 110 TEOPUju APYTOr pefa jefHaK MPOU3BOAY UCTHUX HEIIO3HATHUX, I'Te je
CTaTUYKM Helo3HaTa ogpeheHa 1o Teopuju mpBOr pefa: S - v ~ Sy - v

 [lran npas npe gepopmanuje ds = dx, dy =0, a =0

* 3aHeMapyje ce yTHIlaj TpaHCBep3aJHUX CUla Ha fedopmanujy (¢r = 0), Tako fa
je IeBeTa j-Ha TeXHUYKe TeOpUje U30CTaBIbEHA.

Tabemna 1: TIpermep Teopuja ¥ OCHOBHUX IIPETIIOCTABKU

. [IpeTmocTaBKa
Teopuja
b I [
Tpeher pega — KoHauHe gedopMalgje +
Opyror pena + +
Opyror pefia — JMHeapru30BaHa + + +
IIPBOT pefa + + +

[me je:

* A — mpeTnocTaBKa 0 TMHEapHO — €JIaCTUYHOM IIOHAaIllakhy MaTepHujaia
* B — npetnocraBka 0 ManuM gedopmalrjama

e 1] — mpeTnocTaBKa 0 MaJiM IIOMepambuMa

]l — mpeTnocTaBKa JTHHEapHU3allyje Teopuje APyror peaa

1.2 OcHOBHe jegHaYHHE TEXHUYKE TeOpHje

CucteM ce cacTtoju of 3 rpyle jeqHa4yvHa:

* Be3a u3Mehy nomepama u gedpopmanuja (1,2,3)
* jemHauYMHA paBHOTEXE ejleMeHTa Irrana (4,5,6)
* Be3a usMeby medopmalyjckux BelIWM4YMHa, TEMIEPATypPHUX IIpOMeHa U CUJa Y
npeceky (7,8,9)
1.3 Teopuja gpyror pega

[TocMaTpaMo IIpoMeHy I10/102Kaja IMpaBor 1ITala (oce 1ITalla) Yy paBHU yCe[ aejcTBa
CIIOJballIlel KOH3EePBAaTUBHOT onTepehema U TpaxkKKUMO Be3y u3Mehy KOMIOHEHTH I10-
Mepama 1 fepopMalrjCKuX BeJIUYnHa, CII. 2 .



dx +du = (1+¢)dxcos(p +de)
dv = (1+¢)dxsin(¢ +dg)

TIOIITO UMaMo AedopMalirjy Kao 30¥p ABa yIIIa, y OIIITEM CIy4ajy GyHKIH]je 301pa

¥ pa3JiuKe Cy:

sin(a + B) = cos (g—(a—i—ﬁ)) :COS<<§—IX) _,3) —

= cos (E - oc) cos B + sin (% —uc) = sinax cos f + cos a sin 8

Y omimTeM ciaydajy TPUTOHOMETPUjCKUX QyHKIKja jemHauYnHe 30Upa OOHOCHO pa-
3JIMKe YIJIOBA Y PABHU CY:
sin(a + B) = sina cos B £ cosa sin
cos(a £ B) = cosa cos B F sina sin 5
tana £ tan g

t +h)= ——M
an(a £ §) 1 Ftanatanp
cotacotfF1
ta +tB)= ——M——
cot(a £ p) cotp £ cota
2tanw
’canZoc:i2
1—tan“«
3tana — tan® w
tan3a =

1—3tan?a
AKO je yBefieHa IIpefIIoCcTaBKa 0 MajnuM Aedopmalidjama ILITana, Tafa je

ekl 91 — cospr1, sinpg=g, ¢-¢=0

OHMa je
cos(p+dep) =cosp —dpsing
sin(¢ +dp) = sing +d¢p cos ¢

Y aHanu3u Kako fa ce MpefcTaBy jemHa QyHKIMja ¥ OKOTMHY faTe TayKe 1o u36opy

kopucte ce Tejnoposu penoBu. OBfe je y nutawy dyHKuUja (¢). TejnopoB nNoIuHOM
byHKIMje ¢ = f(x) ca 6eCKOHAYHO MHOTr0 U3BOfia 3a jefHy AaTy Tadky (a) AeduHUCAH

je Ha cnepehn HayuH:

Tn(x):f(a)+f1(f)(x—a)—|—f12(!a)(x—u)2+...+

n ku
Tu(x) = 3 L (g

[TowiTo Cce mpu TakBOj allpoOKCUMalNuju PyHKIMje TOTUHOMOM IIpaBU ofpeheHa rpe-
IIKa, TOJIMKA KOJIUKH je Ieo 3a KOju ce pa3NuKyje cTBapHa GyHKIMja 1 TejiopoB MOIH-
HoM. Ty rpelky Ha3uBaMo TejlI0poOBUM OCTATKOM IoJIMHOMA R%(x) ¥ OH U3HOCH:

Rix) = [ Gt e

n!



Tako ce cBaka (QyHKIIMja MOXKe TIpeiCTaBUTH Kao 30up oprosapajyher TejmopoBor
IIOJIMHOMA 3a Ta4yKy (4) KOjy CMO caMu u3abpany U rpemke Kojy CMO HallpaBUIH TOM
alnpoKCUMAalIAjOM:

f(x) = Tu(x) + Ra(x)

3a (a = 0) mobujamo cnenehe penose:

x3 x5 x7 o )nx21’l+l
R S TR R § R
xZ X4 x6 o0 (_1) 2n
—1— o =
oSt FIRTRRTI n;) (2n)!

OBU peioBU MOTY ce YIOTpeOUTH U 3a feduHUCAkEe TPUTOHOMETPUjCKUX DYHKIIH]a
KOMILIEKCHOT Opoja (z), u xunepbonuukux QyHKIMja uMajyhul y BULY jeHAKOCTH:

sin x Ccos x
tgx = ctg x = — secx = cosec X = —;
COs x S x COS X s x
Tejnopos pex crnenehux dyHKIMja je:
1 2 17 62 o, o 22” — 1)[Baul 2
t = - — — -
§ X =k 30 e e s ; 2n)!
3a CBaKo (x) y uHTepBany (—% < x < %)
1 x x 2 X )22 Boy| 5, q
WYX= T3 5 s a5 +Z—"

3a CBaKo (x) y uHTepBany (—mr < x < 71) , IpU 4eMy je By, 2n 110 peny bepHynujes
6poj.
5 61

277 > E
= = 20 46 W= 14 Y
secx = 1—|— x2 —|— x +720 +8064 + 1+ !x

3a CBaKO (x) y uHTepBany (—5 < x < %)

x7_|_...:

cscx = 1—l—lx—l—lﬁ—l— 31 X+ 127
S x 6 360 15120 6043800

3a CBako (x) y uHTepBany (—7t < x < 1), Ipu 4eMy je Ep, 2n 1o peny Ojnepos 6poj.

IIpumep: [IpHKaXWMO TPUTOHOMETPHjCKY GYHKLHU]Yy V 00/1uKy OecKoHauyHOT Tejno-
POBOT pefia, HOP. f(x) = sinx, ¥ rpadUYKYU IPUKaKUMO CIIEKTap pellema 0 yCBOoje-
HOM (3agpzkaHoM) Opojy YslaHOBa pefa

n 2n+1

2n+1

3 5 7 IS
. X X X
sINx = X — g‘f‘g—? ;

TpazkKeHU CIIeKTap MMOJIMHOMa Koje MOXKeMO paMaTpaTH je 6eCKOHa4aH, Off KOjUX Cy:
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Cnuka 1:

[IpeMa ToMe, aKO y3UMaMO CaMo IIPBU YJIaH pefa, UMaMo:

[ee]

sing = Z
n=0

[ee]

cosg =Y (—1)" 4

n=0

(_1) (

TR

2n+1
P

2n

_1_ 9 ¢
I R

Tako mona3uMo [o Tora fa je medopMalldja Majia BeJIMYKMHA, IIa Ce OHJA MOTY 3a-
HEMApUTH MPOU3BOIY KAa0 ¥ KBAJIpATH ¥ BUIIM CTEIIEHU HHUXOBUX U3BOA HedopMaliuj-

CKUX BeJIMYMHA, ODHOCHO 3a ¢ — 0 = cos¢ — 1, sing — ¢,

e-p=0.



dx +du = (1+¢)dx-cos(p+dep) =
= (1+¢)dx-cosp —dpsing = (1 +¢e)dx — pde = (1+¢€)dx
RO R

dv = (1+¢)dx-sin(p+de) =
=(1+¢)dx-sing+dpcosgp = (1+e)dx- ¢+ dp = (1+¢)-¢-dx =
——— ~—— —~—
9 1 0
= @dx + e dx = @dx
~—

dv

dae

dx+du 1

——

Cnuka 2: Be3e nomepama 1 geopMalijcKux BeIndruHa

Ca cn. 2 umaMmo fa je

dx+du= (1+¢)dx |:dx —>Z—Z:£ (1)
dv = @dx |:dx —>d—v— (2)
widx = —d¢ | :dx — ZIZZ? = —x (3)

AKko je cnomamme ontepeheme KOH3ePBATUBHO CII. 3, Tafa je py(1+¢e)dx = p,dx,
OHIIa CY Be3e CIIOJballliher onTepeherma v yHyTpalIbUX TPECEUHNUX CHTIa

dH + pydx =0 | :dx —>Z—I;:—px (4)
av
dV+py(dx+du) =0 |:dx — —=—py (5)
~——— dx
(1+¢)dx
dM
dM —V(dx+du)+ Hdv=0 |:dx — — =V —Hg (6)

dx



1 dx+du
¢

Cnuka 3: Bese cnomalimer onTepehema u cuna y nmpecenuMma

OBu yCn0OBY paBHOTeXke Cy HeJluHeapHHM 300T MPOM3BOJA CTAaTUYKUX U medopMaliuj-
ckux BenuuuHa (H¢). Bpoj Hemo3HaTuxX BeJIMYKHA Y YCI0BUMa paBHOTeXe je Behu off
Opoja jemHaurHa. YHyTpalllbe CUJie He MOTY [ia Ce ogpefie He3aBUCHO Off fedopManuja.
3a OTIyHO pellielkhe MOTpebHe Cy joIl ABe jemHauuHe. Be3a usaMeby npeceunux cuna

N, Tu H,V cy:
N = Hcosg+V

sing =
N~ N~

1 9

H+Veg

T=—-Hsing+Vcosp =—Hep+V
——

——

G, | : :
R N /AAAS. :
oo |y E nnacTuHo.
/| : enacTu4Ho.
J/E o=Ee : ~
' Gy G=—t
T =G =
1 T P
go2% €Y Eui €m &y €

Crnuka 4: Be3e medopMalyjcKux BeIMYuHa, CHjla y IPeCceruMa 1 TeMIepaType

N 1 . 1 du
s:ﬁ%-uctt”:ﬁ(chisf@%—Vg\rq/))—katt:ﬁ(H%—Vq))%-lxtt:E (7)
1 %
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1.4 JIuHeapu3oBaHa TE€OPHja APyror pema

Y ommrteM cny4ajy u3 (6) Huje Moryhe ogpenutu cuny (H) He3aBUCHO of cuina (V)
1 MOMeHarTa (M) y mTanoBUMa CHCTeMa He3aBUCHO Off ToMepata 1 o0pTama.
Y npuMepuMa 3ai0oBO/baBajyhe TauHO pelleme noOHjaMo ako ce HopMmaiHe cune (H)
ofpe[e 10 TeOpUju IPBOT pena (Hy) ¥ 0OHOa Kao Io3HaTe yHecy y uspase (15) mpu yemy
OHHU Tafla ITOCTajy TMHEeapHH I1a Ce 0Baj I0jelHOCTaB/beHU 00NIUK Ha3uBa JInHeapu3o-
BaHa TeopHja Opyror pena. be3 o63upa Ha TO 1ITO je TpobIeM THHeapu30BaH OH 0CTaje
HenuHeapaH 300r npoussona (Hydv). Tafa BaXKu orpaHUYeH NPUHIUI Cylleplo3ulyje
KO KOTa Ce MOTY caMoO CyNepIIOHUPaTH YTUIAju Pa3IUUUTUX IOIIPEYHUX onTepehema
aJy IIpY UCTUM aKCHUjaIHUM culaMa. [Jakiie, IpOM3BOJ CTaTUUKe U fedopMalijcke Be-
JIMYWHE 110 TEOPHjU APYTOT pefia jefHaK IPOU3BOLY UCTUX HEIIO3HATHUX, I'I€ je CTaTh4Ka
Hello3HaTa ofpeheHa 1o Teopuju IpPBOT pefa, OMHOCHO S - v & Sy - v.

dx +du = (1+¢)dx (10)
do = @dx (11)
ndx = —dg (12)
dH + pxdx =0 (13)
dV + py(dx +du) =0 (14)
dM — Vdx — Vydu + Hpdo = 0 (15)
N 1
szﬁ—l—att":ﬁ(H—i—VO(p)—i—att (16)
M At
x= gt (17)

AXo je IIpaB LITal ca 3afaTUM IPaHUYHIM YCJIOBUMa Taza ce cusa (H) Moxe ofpe-
[WTH Ta je pelleH IpobjeM HelWHeapHOCTH. 3a CUCTEM IITaloBa HOPMaJHe CUie He
MOry ce ompenuTu 0e3 onpehrBama TpaHCBep3alHUX CUJla & TpAHCBep3aJiHe Cuje 3a-
BHCe Off MOMeHaTa caBUjama CyCeHUX ITanosa. 300T Tora ce ymecTo cuie (H) cTaBmba
(Hp). AKo je u yTullaj ouiaTalyje Ha BeIMUKUHY [TIoMepamba Manu (¢ — 0) uMaMo

du =0 (18)

dv = @dx (19)

wdx = —dg (20)

dH + pxdx =0 21)
dVvV + pydx =0 (22)
dM — Vdx + Hydv =0 (23)
w= Tt (24)



rmobanHu KOOPAWHETHW CUCTEM WTana

Bese nomepatka u obprarka u
dv = edy + @dx AecopmaLmjckux BennymHa
du = edx — @dy
ta e

7 MpeanocTaeka o manum
Aedopmaumjama — M

Bese cnorsalubux U YHyTpaLHKX cuna
(ycnoBu paBHoTEXE)

dH + p,dy =0
2a W 4 pyd =0
dM + Hdy — Vdx = 0 MpepnocTaeka o manum

nomeparsmma — CJl

Bese pedopmauujckix BenuumHa, cuna y

1 3
£ PR st plainal sia b npeceyuMa 1 TeMnepaTypHUX NPOMeHa

e e
nuHeapHe X—E a; T

1 YBeaeHa npearnocTaeka huandke
Pr = kﬁ[—Hst'na + Veosa]

NnHeapHoCTK

Crnuka 5: PekanuTynanyja jeqHauvHa Teopuja IPBOT pefa - JInHeapHa Teopuja

1.5 Teopuja npBor pega

Axko IIOCMaTpaMoO IIpaB IITall ¥ IIPUMEHNMO YBeleHE IIPETIIOCTaBKe, Taga KMaMO:

du=20 (25)

dv = @dx (26)
ndx = —dg (27)
dH + pxdx =0 (28)
dv + pydx =0 (29)
dM —Vdx =0 (30)
= % + Dét% (31)

1.5.1 JennaunHa caBHMjalka NPaBOr HITalla 10 TEOPHjH NPBOI pela
PemaBajyhu cucreMm gudepeHIjalHuX jeqHauYWHA TeOpUje IPBOT pefa, Hajupe U3
(29) menehu ca (dx) Hama3uMo,
av
Frl —Py (32)
3aTuM, ako gudepennupamo j-1y (30) mo (dx) u yBpcTuUMO y By (32) cnenu

PM

dx? ~Py (33)
Capa uspasumo (M) u3 (8 unu 31) y3 Bohewe padyHa ca (3 unu 27) u yBpcTuMoO y (33)
HaJIa31uMO 2 ;
A (8P AP
e ( EIdx Eln; p ) =—py (34)

10



amu ga 6u mobunu j-Hy (34) mo Hemo3HaToj (v) AudepeHIUpPajMo j-Hy (2 unu 26) no
(dx) u yBpcTUMO BY ¥ j-Hy (34) y3 MHOXKeme ca (—1) obagBe cTpaHe Hala3uMo

d? d%v d? At
i (EI dx2> =P g <E“‘fh> (35)
OIHOCHO, \ )
d*v d At
EI@ =py— F (Elath> (36)

J-na (36) je mudepenijanta jemHauYMHa CaBHjama IIPaBoT IITala y paBHU II0 TEOo-
puju npBor pefa. OBo je MMHeapHa AudepeHldjalHa jefHaYMHa YeTBPTOT CTElleHa ca
IIPOMEHJbMBUM KOe(UIlMjeHTUMa, He XOMOreHa YKOJIMKO IOCTOjU TpaHCBep3alaHo OIl-
Tepehewme U TeMIepaTypHa IIpoOMeHa 10 BUCHHHU IIpeceKa. Pellewme jefHaYnHe Cy I10-
Mepama, a I0TOM Ce MOTy foO6uTu o0pTama IOMPEeYHUX Ipeceka, MOMEHTH CaBHjama
¥ TpaHCBep3ajHe CHUJe.

YK0On“KO cCMeMO a ©30CTaBUMO TOIIJIOTY Kao [ejCTBO UCKa3aHO MOMEJIOM TeMIlepa-
TypHOT onTepehema, Hana3uMo AudepeHnujaany j-Hy IpaBor LITana 10 TEOPUju IPBOT
perna Kojy Hajueurhe cpeheMo y cTpy4uHoj nutepatypu (37).

d*v

(37)

Pememe j-He (37) je o6nuka (38) HamucaHo 0 pacTyhuM CTeleHNMa MOIMHOMA:

v(x) = a1 + aox + a3x® + agx® + v, (38)
rae je,
_ Py 4
v = 241"

OOHOCHO, 110 onafajyhuM cTeneHuMa nonuHOMa (39),

v(x) = Py x* o 4 apx? + wax + ay (39)
24E1]

KoHcraHTe nHTErpauyje (a, &y, &3, &4) TPAKUMO U HaJla3UMO U3 TPAaHUYHUX yCII0Ba
Ha TOYeTKY Y IMOJIOBUHHU, OMHOCHO Ha Kpajy mTamna. 3a peuema (38 unu 39) cy Haj-
yelthe OMpaHU XOMOTEHHU YCJIOBU (MJIM OHU TPAaHUYHU YCJIOBU 3a KOje 3HAMO HUXOBY
BPEIHOCT) OUJIO IO TTOMepamuMa Uitk 00pTarkbruMa, OMHOCHO CHUjIaMa.

Ha kpajy nudepeHniupameM pelnewa (38 unu 39) - enacTuyHe NTUHYjE TPaBOT LITa-
TIa M3JI0KEHOT CaBHjamy (ITOMepama YIPaBHUX Ha OCY IITalla) - PeIoM Hajla3uMO U
ocTajie BeJIMYUHE:

plx) = 22
EI-M(x) = dg;(xx) (40)
EI-V(x) = dA;Iix)
plx) = Y
+++




IIpumepu
3a cBe HOcaue ca faTUM onTepehemnMa prKa3aHu Ha CKHllaMa TOTPeOHO je n3Be-

ctu QyHKIHUje: eacTUYHe JIUHYje, 00pTamka, MOMEHAaTa CaBHjama, BEPTUKATHUX CHJIA
MOIIPEeYHUX IIpeceka Oy Hocaya 10 TeOPHju IIPBOT pefa.
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Stap tipa - PROSTA GREDA (l-varijanta)
_______________________________ o |4 k
2 O
V(X):=al+a2-x+a3dXx +adx +
24 -El
X d
9 V() > 02+ 3odx® + 2-03x+ X 6(x) (rad)
dx 6-El
¢ p-x
—Vv(X) > 2.:a3+6-04xX+— M(x) (KNm)
42 2-El
¢ p-x
—3v(x) S56-0d+ — e, V(x) (kN)
dx El
Konturni uslovi:
L L
v(0)=0 dl=1|=0 M(L) = 0 vi=|=0
2 2
Given
2 3 0’
al+ 020+ a3-07 + ad-(0)" + P =0
24 -El
L 3
L)? P2
a2+ 304 | —| +2a3—+ =0
2 6-El
|0-L2
2-a3 + 6-04-L + =0
2-El
L
P 2
604+ — =0
0 Konstante su:
L°.
24 ;l 10 2. Lop
Find(a1,0a2, a3, ad) — ' b= Y=
0
. L-
LRl as0 odi= —P
12-El 12-El




Elasti¢na linjja savijanja nosaca:

V(X) = al+a2-x+ 0¢3-x2 + oa4-x3 +
24 -El

o p-x-(L3 - 2-L-x2 + x3)
v(x) simplify » ————@™ .. v(x) (m)
24 -El

p'(L3 - 6-L~x2 + 4-x3)

d .

—v(x) simplify » —— ... ®(x) (rad)

" (x) simplify 0 El

2 2
. —L-

9 v simplify — M .......... M(x) (KNm)

a2 2-El

¢ p-(L - 2:x)

—v(x) simplfy » —7—7-—- L. V(x) (kN)

A 2-El

Podaci

kN 4 2

x:=0,0.1..8 L:=8m p=10 — El:=5.46-10 kNm
m

Konacne funkcije uticaja u nosacu:

p-x-(L3 - 2-L-x2 + x3)

Vi) = 24 El
500 o[- 6Ld s 4xd)
a 24 El
2
M(x) = p-(x - L-X)
2-El
p-(L - 2-X)



-2r
—V(X) —41
10° _g

_gt

—10-

- 201
EI-M(x)- 40f

- 601

- 80"

401
201

El-V(x)

- 20/
- 40

(rad)
$(0) = 0.00391

&(L) = —0.00391

(kNm)

L
EI-M| = |=-80

(kN)
~E1-V(0) = 40
EI'V(L) = 40



Stap tipa - PROSTA GREDA (ll-varijanta) p

V(X):=al+ a2:x+ oc3~x2 + oc4~x3 +

24 -E|

d—v(X) a2+ Bkl 4 2.a3x4 22X 6(x) (rad)
dx 6-El

d2 p-X
——V(X) > 2-:03 + 6-04-X+ ——
dx2 2.El

3

p-X
_3V(X) —>0604+— e
dx El

Konturni uslovi:

v(0)=0 M(0) = 0 v(L)=0 M(L) = 0

Given

4
-0
al+a2-0+ OL3-02 + 0L4-(0)3 + P =0
24 -El

p-0°

2-El

2.03+ 6-04-0 + =0

ol+a2l+a3l’+aal’s P =0

2
p-L
2.03+6-a4L+ —=0
2.El

0 Konstante su:

24 El al:=0 a2 = ——

Find(a1,02,03,04) —> 24 -El

L-p
_— a3:=0 o4 = ———
12-El 12-El




Elasti¢na linjja savijanja nosaca:

V(X) = al+a2-x+ 0¢3-x2 + oa4-x3 +
24 -El

o p-x-(L3 - 2-L-x2 + x3)
v(x) simplify » ————@™ .. v(x) (m)
24 -El

p'(L3 - 6-L~x2 + 4-x3)

d .

—v(x) simplify » —— ... ®(x) (rad)

" (x) simplify 0 El

2 2
. —L-

9 v simplify — M .......... M(x) (KNm)

a2 2-El

¢ p-(L - 2:x)

—v(x) simplfy » —7—7-—- L. V(x) (kN)

A 2-El

Podaci

kN 4 2

x:=0,0.1..8 L:=8m p=10 — El:=5.46-10 kNm
m

Konacne funkcije uticaja u nosacu:

p-x-(L3 - 2-L-x2 + x3)

Vi) = 24 El
500 o[- 6Ld s 4xd)
a 24 El
2
M(x) = p-(x - L-X)
2-El
p-(L - 2-X)



-2r
—V(X) —41
10° _g

_gt

—10-

- 201
EI-M(x)- 40f

- 601

- 80"

401
201

El-V(x)

- 20/
- 40

(rad)
$(0) = 0.00391

&(L) = —0.00391

(kNm)

L
EI-M| = |=-80

(kN)
~E1-V(0) = 40
EI'V(L) = 40



Stap tipa - PROSTA GREDA (lll-varijanta) p

V(X):=al+ a2:x+ oc3~x2 + oc4~x3 +
24 -El

-X
9 V() > 02+ 3odx® + 2-03x+ X
dx 6-El

d2 p-X
—Vv(X) > 2.:a3+6-04xX+— M(x) (KNm)
a2 2-El

3

d_v(x) S 6-0d + X V(x) (kN)
dx3 El

Konturni uslovi:
3
v(0)=0 M(0) =0 d|—1=0 v(L)=0
Given

al+a2:0+ OL3-02 + a4-(0)” + =0

2
p-0

2.03+ 6-04-0 + =0
2.El

Find(a1,0a2, 03, ad) - : 24l

. L-p
C12-El ' T 12.El




Elasti¢na linjja savijanja nosaca:

V(X) = al+a2-x+ 0¢3-x2 + oa4-x3 +
24 -El

o p-x-(L3 - 2-L-x2 + x3)
v(x) simplify » ————@™ .. v(x) (m)
24 -El

p'(L3 - 6-L~x2 + 4-x3)

d .

—v(x) simplify » —— ... ®(x) (rad)

" (x) simplify 0 El

2 2
. —L-

9 v simplify — M .......... M(x) (KNm)

a2 2-El

¢ p-(L - 2:x)

—v(x) simplfy » —7—7-—- L. V(x) (kN)

A 2-El

Podaci

kN 4 2

x:=0,0.1..8 L:=8m p=10 — El:=5.46-10 kNm
m

Konacne funkcije uticaja u nosacu:

p-x-(L3 - 2-L-x2 + x3)

Vi) = 24 El
500 o[- 6Ld s 4xd)
a 24 El
2
M(x) = p-(x - L-X)
2-El
p-(L - 2-X)



-2r
—V(X) —41
10° _g

_gt

—10-

- 201
EI-M(x)- 40f

- 601

- 80"

401
201

El-V(x)

- 20/
- 40

(rad)
$(0) = 0.00391

&(L) = —0.00391

(kNm)

L
EI-M| = |=-80

(kN)
~E1-V(0) = 40
EI'V(L) = 40



Stap tipa - S - KONZOLA

p
L4 k

V(X):=al+ a2:x+ oc3~x2 + oc4~x3 +

24 -El

d_v(X) a2+ 3045 4 2.03% 4 px o e 6(x) (rad)
dx 6-El

d2 p-X

—Vv(X) > 2.:a3+6-04xX+— M(x) (KNm)
a2 2-El

d3 p-X

v(x) > 604+ — V(x) (kN)

dx3 El

Konturni uslovi:

v(0)=0 ®(0)=0 M(L) =0 V(L) =0
Given
2 3 p-O4
al+a2:0+a3-0" + ad-(0)” + =0
24 -El
3
(0
02+ 304-(0)% + 2030+ 2O _g
6-El
|0-L2
2-a3 + 6-04-L + =0
2-El
L
6-04 + P .
El
0 Konstante su:
0
12 al:=0 a2:=0
Find(a1, 02,03, 04) - P '
4.El
L L2~ L.
=P ad = - P od = P
6-El 4-El 6-El




Elasti¢na linjja savijanja nosaca:

X
vV(X) = al + a2-x + 0L3-x2 + oa4-x3 + P
24 -El

o p-x2-(6~L2—4-L-x+ x2)
v(x) simplify —

........ v(x) (m)
24 -El
2 2
x-\3-L° = 3-L.
d—v(x) simplify — P X( XrX ) ....... ®(x) (rad)
dx 6-El
2 2
(L -
9 0 simplify > PEEX M(x) (KNm)
a2 2-El
3 (L —
——=V(x) simplify — —u ......... V(x) (kN)
A El
Podaci
kN 4 2
x:=0,0.1..8 L:=8m p=10 — El:=5.46-10 kNm
m

Konacne funkcije uticaja u nosacu:

p-x2-(6-L2 - 4-L-x+ x2)

R 24 El

d(x) = plx.(S.Lza_.;le + x2)
M(x) = N;_—Elx)z

v 2



0
— 201 \
—v(x) - 401 \
10° _ 60F
- 80r \
-100-
201
151 _—
102
5
0 2
400T7
300\
El-M(x) 2001
0 2
0 2
- 201

EI-V(x)- 407 /
- 60f

&(L) = 0.01563

(kNm)

EI-M(0) = 320

—EI-V(0) = 80

EI'V(L) = 0



Stap tipa - G p

V(X):=al+ a2:x+ oc3~x2 + oc4~x3 +

24 -E|

-X
d—V(X) —> a2+ 3'OL4-X2 + 2-03-X + px
dx 6-El

d2 p-X
—V(X) > 2-a3 + 6-04-X + —
dx 2.El

3

p-x
—3v(x) — 6-04 + —
dx El

Konturni uslovi:

Given

v(0)=0 $(0) =0 v(L)=0 M(L) = 0

o2 + 3-04-(0)% + 2-03-0 +

L
al+a2l+a3lP+aalPs X =0
24 El

p-L?

2.03+6-04L+—=0
2-El

Konstante su:

Find(a1, 02,03, a4) - L"-p al:=0 a2:=0

. . L . 5L.
——5 L-p ad = — P o4 = P
48-El 16-El 48-El



Elasti¢na linjja savijanja nosaca:

vV(X) = al + a2-x + 0L3-x2 + oa4-x3 +
24 -El

p-x2-(3~L2 -5Lx+ 2-x2)

v(x) simplify — we v(x) (m)

d N p-X-(G-L2 -15-L-x+ 8'x2)
—v(x) simplify —

....... ¢(x) (rad)
dx 48 -El
¢ p-(L—%)-(L - 4-X)
—v(x) simplify » ——@™ . M(x) (KNm)
a2 8-El
3 p-(5-L — 8-x)
—v(x) simplfy » —7—+ V(x) (kN)
A 8-El
Podaci:
kN 4 2
x:=0,01..8 L:=8 m p:=10 — El:=546-10" kNm
m

Konacne funkcije uticaja u nosacu:

0232~ 5.Lx+ 240)

R 48 -El
ot0 = 22022 . 8.:)
M(x) := p-(L-x)-(L-4x)
8-El
V(e RO 8X

8-El



0 2 4 4.6 6 8 (mm)
_ 1-- :
- V(X)-2r i
10 °_ 4t |

_ \1—/ v(4.6)

| - 4.06

- | 1073

— 5-- |
X
gl 46 (rad)
L ~. &(4.6) = 0.00002

_ | \ (L) = ~0.00195
_2-- |

100 5 (KNm)
o0 | EI-M(5.0) = —45
EI-M(x) |
0 2 4 1 6 8
| EI-M(0) = 80
- 50 ——
X
a0r )

20 /

EIV(x) |0 2// A 5 —EI-V(0) = 50
- 201
- 40/ EI-V(L) = 30

- 60"




Stap tipa - K

V(X) =ol+ 02X+ OL\?)X2 + 0(4)(3 +
24 -El

-X
d—V(X) —> a2+ 3'0L4-X2 +2.a3-X + bx

dx 6-El

a2 ox
——V(X) > 2:03+ 6-04-X + —
dx° 2.El

3

-X
v - 6ot + 22
dx El

Konturni uslovi:

v(0)=0 $(0) =0 v(L)

Given

a2 + 3~0L4~(0)2 +2.03:0 +

L
al+o2l+03l+adl®s 2= =0
24 El

p-L3

a2+ 3-04L%+2.03L+ 2 =0
6.El

0 Konstante su:
0
2 Py—
Find(a1,a2,03,04) - L™p al:=0
24 -El
2
P ad = Lp
12-El 24 .E|

o(L)=0
oa2:=0
L.
od = =P
12-El



Elasti¢na linjja savijanja nosaca:

vV(X) = al + a2-x + 0L3-x2 + oa4-x3 +
24 -El

v(x) simplif M v(x) (m)
(x) simplify — e e

p'x~(L2 -3-L-x+ 2-x2)

d .
—v(x) simplify » —0m—7m™8 38— ... ®(x) (rad)
" (x) simplify 2
2 2 2
AL - 6-L- 6-
9 v simplify — o o) M(x) (KNm)
a2 12-El
¢ p-(L - 2:x)
—v(x) simplfy » —7—7-—- L. V(x) (kN)
A 2-El
Podaci
kN 4 2
x:=0,0.1..8 L:=8m p=10 — El:=5.46-10  KkNm
m

Konacne funkcije uticaja u nosacu:

px(L = %)°
V(X) = ————
24 -El
(%) p-x-(L2 - 3-L-x+ 2-x2)
X) =
12-El
p-(L2 -6-L-x+ 6-x2)
M(x) :=
12-El
p-(L-2-%)



4 6 8
0 2 (mm)
- 0.5[
—v(x)
— 1 L
3
v =
0 (J
—1.51 —_ = 195
10
— 2--
X
i 17 6.3 (rad)
0.5 1 ‘
d(x) | : $(1.7) = 0.00075
10° |0 2 4 6 8
05 (6.3) = —0.00075
_ 1__ | |
X
60r 4 (kNm)
401 .
o0k EI-M 3" —26.67
El-M(x)
- 201 EI-M(0) = 53.33
— 400
X
9 / ()
20r
EIl-V(x) -EI-V(0) = 40

_20/ EIV(L) = 40
— 40



