Rozwigzanie ciegna na podporach podatnych (stupach) — przyktad 2 22.01.2019
Dla ciggna jak na rys. obok wyznaczy¢ dtugos¢ ciggna
s, ksztalt jego zwisu f(x) i ekstremalne sity osiowe:

max/N ,minN z uwzglednieniem zmiany
temperatury o AT =—80° C oraz podatnosci gigtnej
stupow i wydtuzenia ciegna As w wyniku dzialajacego
obcigzenia majac dane: £4 = 2000MN

EI, =300000MN°*m?*, EI, =80000MN’m”,
L,=40m ,h, =8m, h,=16m, hy, =8m s, =46m,
a=23m, q=2MN/m, a, =0.0001/°C.

1.BELKI ZASTEPCZE I OBLICZENIA WSTEPNE

Parametry geometryczne
Le, =+JL>+h’ =40.792m,

cosfB, =L,/ Lc, =0.9806,
cos’ B, =0.9615, cos’ 3, =0.9429.

Rozwiazanie belek zastepczych
VA - - Obcigzenie sprowadzone do poziome;]
, <« 3EI, linii roztoZenia
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amy Ry q,= cos =2.04MN/m, P
‘4784>
y q,(x) q, =q,(x)=q," ——O 0887MN /m* -x,
T x - Reakcje, momenty zginajace i sity tnagce
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"]
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g ? - _ 2.04MN /m-23m ( 2. 23mj:14'4642MN’
<
| P J PR
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A%; |§ - ? 2 3 -
R, % Ry R 9@ _204MN/m-23'm’ _
vV Y ) 3.40m
8.9913MN,

ZY:qp al2-R,—R, =2.04MN /m-23m/2-14.4642-8.9913=0,

q,(x)-x x q, x° q, X"
M(x)=R, - x——+——-==R,-x——-—=|R, -~ - X,
(=R, 2 3 6a [A 6a

M(al2)= (14.4642MN—2.04MN/m-232m2 /4/(6-23m))-23m /2=143.8560MNm,
M(a) = (14.4642MN—2.O4MN/m-232m2 /(6-23m))-23m =152.8169MNm,
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q, x°
O(x)=R,—q,(x)-x/2=R, - 5

/(2-a),

-a
2-a-R, _\/2-23m-14.4642MN
2.04MN /m

O(x)=0 dla x(Q=0) 2\/ =18.0615m,

p
2.04MN/m-18.0615* m?
6-23m

max M (x) =M (18.0615m) = (14.4642 - jMN -18.0615m =174.1465MNm,

Q,=0(0)=R, =14.4642MN,

O(a/2)=14.4642MN —2.04MN / m-23’m* / 2/ (2-23m) = 8.6003MN,

O(a) =14.4642MN —2.04MN / m-23°m* / (2-23m) =-8.9913MN, Q, =—R, =—8.9913MN.
max Q(x)=Q, =14.4642MN, min Q(x) = O(a) = Q, = -8.9913MN,

Obliczenie calkiz O’

R, 2
(0 = Ri -84 1,

+
4a

R,- 2 I R,-q,-a q -a
(0C)) -dr=| R ox——tFr oy Aoy [ pp S 8 0 291405810 m,
3q 20a " J 3 20

(0(x)) -dx=(L—a)-R2 =1374.330MN *m,

Sl QA N O

L
(0(x)) -dx + j(Q(x))2 -dx =(2140.581+1374.330)MN*m = 3514.91 LMN*m.

2ITERACYJNE WYZNACZENIE H, s, u, 1 u,
Wartosci wyjsciowe do iteracji: s, =5 -(1+a,-AT)=46-(1+0.0001-(-80))m = 45.632m,
L,=40m, h,=8m, cos B, =0.9806, cos’ 8, =0.9615, cos’ 3, = 0.9429.

0.5-cos’ B, -j(Q(x))z dx

1 (H-L, 1 f >
Wzory: H, = = As,=—| = ——[(0(0) dx |, 5, =5, +As,
L, EA\ cos’B_, H_
P =
' cos
H, I, H, -h,
”Aizl—hAa uBi:l—hB:Li:La_uAi—’_uBi’ h=h, =V, +vy, L= L?'i'hiz =
3EI, 3EI,
cos,@:i, cos’ 3., cos’ f3..
Le,
JL- 2
0.5-cos’ B, - | (O(x)) dx
1przyb. H, = 0 _ | 9:5-0.9429-351491 ) 1¢ s0340mN,
L (45.632-40/0.9806)
§ — o
’ cosp,

H L ¢ .5034- .
b= [ Lo L o) as :( 18.5034-40 351491 jm=0.47985m,
EA\ cos’B, H,? 0.9615-2000 2000-18.5034

s, =8, +As, =45.632m+0.47985m = 46.11185m,
_H,-hi 18.50340MN -16’m’
' 3El, 3-300000MNm’

3 3.3
= 0.08421m, u, =2 ts _ 18S03AOMN 8'm _ 4, 13947,,
T 3El 3-80000MNm

u,
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L=L,-u, +uy =40m—0.08421-0.03947m =39.87632m, h =h, =8m,

Le, =12 + bt =+/39.87632 +8m = 40.67088m,
cos f3, = L

Lc

1

22.01.2019

=0.98046, cos’ 3, =0.96131, cos’ B =0.94253.

L
0.5-cos’ B - [(O(x)) dx
_ 1£( ) ~ 0.5-0.9425-3514.91
2przyb. H,= = (

. L 46.11185—39.8763/0.9805)
! cos B,

L
ps =L HZ;LI+LI(Q(X))2_CZX :{17.44551-39.8763+ 3514.91
EA\ cos’B, H, 3 0.9613-2000  2000-17.44551
5, =5, +As, =45.632m+0.46257m = 46.09457m,

_H,-h} 17.44551-16’ _ H,-hy  17.44551MN -8’
2 3EI,  3-300000 3EI, 3-80000
L, =L, —u, +u, =40m—0.07940—0.03722m = 39.88338m,

Le, =12 + 12 =+/39.88338" + 8 m = 40.67781m,

MN =17.44551MN,

]m =0.46257m,

=0.07940m,

Up,

=-0.03722m,

cos B, = LL—2 =0.98047, cos’ =0.96132, cos’ f=0.94255.

)

L
0.5-cos’ B, - [(Q(x))" dx
_ { ~ 0.5-0.9425-3514.91
3przyb. H,= = (

. L, 46.09457 —39.8838/0.98047)
> cosf,

H. L r . .39. .
s3=i L +lj(Q(x))2-dx =(174869 39 8763+ 3514.91

EA\ cos’f, H,1 0.9613-2000  2000-17.48691
s, =5, +As, = 45.632m +0.46325m = 46.09525m,

CH,-B 174869-16° 0.0795% ) _Hy-hy _ 17.4869MN -8 _ 0.03731m
7 3EI,  3-300000 TP 3 | ’

3-80000
Ly=L,—u,,+u, =40m—0.07958—0.03731m = 39.8831 1m,
Ley =2 + 12 =+/39.883117 +8>m = 40.67753m,

MN =17.4869MN,

jm =0.46325m,

cos B, = LL—3 =0.9805, cos’ B3, =0.9613, cos’ S, = 0.94255.

Cs

L
0.5-cos’ B - [(O(x)) dx
_ } !( ) ~ 0.5-0.9425-3514.91
4 przyb. H,= = (

L, 46.09525—-39.88311/0.9805)
S ——
* cos S

L
PV (LA I Y :(17.5854-39.88311+ 3514.91
EA\cos’f, H 0.9613-:2000  2000-17.5854

50
H,-L r ) .39. )
s4=i L +LJ(Q(x))2~dx =(17 5854-39 88311+ 3514.91

EA\ cos’f, H,1 0.9613-2000 2000-17.5854
s, =5, +As, =45.632m+0.46322m = 46.09522m,

MN =17.5854MN,

)m =0.46322m,

jm =0.46322m,
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3 3 3 3
u, = H, - h, _ 17.5854-16 _0.07958m, u,, :_H4 hy :_17.5854MN 8 — -0.03730m,
3EI, 3-300000 3EI, 3-80000

Poniewaz u,, =u;,1 uy, =uy, ,to1 L, =L, =39.88311m,

Lc, = Lc, =40.6775m,
cos B, =cos B, =0.9805, cos’ B, =0.9613, cos’ B, = 0.94255.

L

0.5-cos’ B3, -J-(Q(x))2 dx
5prayb.  H, - 7 _ 0.5-0.9425-3514.91 MN =17.5854MN.
L, (46.09522 —39.88312/ 0.9805)
S S —
cos f,

1

H,-L 1 2
5y =—| =t —[(O(x)) - dx
EA\ cos’B, H 0.9613-2000 2000-17.5854
Z faktu, ze H, = H, 1 As, = As, wynika, Ze pozostale warto$ci w tym przyblizeniu beda rowne
wynikom przyblizenia poprzedniego, co oznacza, ze wyniki przyblizenia 4-tego sag wynikami
koncowymi rozwigzania zadania: H =17.4854MN, As =0.4632m, s =46.0952m,

u,=0.0796m, uy, =-0.0373m, cos=0.9805.

L
j _ (17.5854-39.88311 L 351491 Jm _0.46322m,

3.EKSTREMALNE WARTOSCI SIL I ZWIS CIEGNA
max V' (x) = max Q(x)+ H -1g = (14.4642 +17.4854-0.2) MN =17.9613MN,

min ¥ (x) = min Q(x) + H -1g 8 = (~8.9913+17.4854-0.2) MN = —5.4942MN,

Jak wida¢, V(x) zmienia znak, wigc min (V(x))2 =0

V(x)=0 dla Q(x)=-H-tgf = x(V:0)=\/2a'(RA+H'tgﬂ):

qp
\/2-23m -(14.4642MN +17.4854-0.2)
= =20.1248m,
2.04MN / m
max N = \/Hz +max (V(x))' =17.4854* +17.9613* MN = 25.0669MN < N, ,
min N = \/Hz +min(V(x)) =+/17.4854> + 0 MN =17.4854MN >0,
Fy=M@_ M@ Flas )= 1A38560MNm _
H  17.4854MN 17.4854MN
max £(x) = £(18.0615m) = 21 ¥SMNM _ o o506, p(a)y = DEBLOMNM _ g 20,
17.4854MN 17.4854MN

!\:_—2 m—m_:‘

i
5
v
y) B
<—18.06m—>|
- 40m >
AR MmN Kttt

=H-h,=17.4854MN -16m =279.7TMNm,
=H-h, =17.4854MN -8m =139.89MNm.

Maksymalne momenty w stupach: max M ...

max M slupprawy
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