Slozena soustava ve 2D
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Obréazek 1: Schéma konstrukce

Ukol: Vypoditejte reakce a vykreslete pribéhy normalové sily N, posouvajici sily V a ohybového mo-
mentu M po celé konstrukci.

ResSeni:

e U zadané konstrukce si nejdiive spocitame reakce A, A, a reakci I,. Pfed timto vypoctem ale
nesmime zapomenout konstrukci zkontrolovat z hlediska statické neurcitosti.

Urceni stupné statické neurcitosti: s, =4-3—-4-2—-2-1=0

e Pied samotnym vypoctem reakci si musime urcit Sikmou vzédlenost u desek I1 a I11. (viz obrazek
2)
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Obrazek 2: Sklon desky II.

cos(30°) = 10

T

= 7 =11,5470m

e Vypocet samotnych reakci: Nejdiive si spocitame reakci A, a B, nebot k jejimu vypodétu nam staci
momentova podminka kolem bodu a a svisld4 podminka rovnovahy.
1
T —F1—245-11,5471—7“-20—5~(s—r)-10—Bz—AZ:0 (1)
= A, = —-40,594 — B,
Oa:F2-6—t~11,5471-5—t~11,5471-15—r~20-10—%-(s—r)-lO-(lO—i—%lO)—i—
+u-3-7,54+v-6-3+M,—B,-20=0 (2)

= B, = —15,6053 kN, A, = —24,98887kN

e Kontrola:

Ob:A,-+F 20+ Fy-6+t-11,5471 -5+t - 11,5471 - 15+ 7-20- 10 +
+1(s—7)-10-(2-10)+u-3-7,54+v-6-3+M,=0 (3)

= 0=0

e Vypocet reakci C, a E,. (viz obrazek 3)

1 2
Oe t =re20010— 1154715 — £ 11,5470 15— o (s =) - 10+ (10 + 5 - 10) = E; 20 = 0(4)

= E, =18,6303kN

1 1
Oe : 72021041 10,5471- 54 ¢ 11,5470 - 15+ o+ (s = 1) 10+ (5-10) = C2-20 =0 (5)
— O, = 16,9636 kN

e Kontrola:

1
T oo CotBemr 20— 5o (s—7) 10 -2-1- 11,5470 = 0 (6)

= 0=0
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Obrazek 3: Desky II. a III.
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Obrazek 4: Deska IV.
e Vypocet reakci Dy, D, a E,. (viz obrazek 4)
1 2
Od ;1154705 =105~ o - (s —r)-10- (5 10) = B, -5, 7735+ B, -10=0 (1)
= L, = 15,0518kN
1
ot Det Bt 115470710~ 5 - (s =) - 10 =0 (8)
= D, =0,4167TkN
- : D,—E,=0 (9)

— D, = 15,0518 kN
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e Kontrola:

1 1
Oe i - 1L54T0-5 471054 o+ (s =) - 10+ (5 -10) = D10 — D, - 5,7735 = 0

= 0=0

e Vypocet reakci L, M a B,. (viz obrazek 5)

Ob : v 6-3+u-3-T,5—Ey 94 M,+L-sin(8)-9=0
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Obrazek 5: Deska IV.

— L =12,0586kN

t ¢ —E,—B,—L-cos(8)+ M -cos(f) =0

Oe : My—u-6-6—M-sin(B)-9+B,-9=0

e Kontrola:

T ¢ Ey—L-sin(f)—u-3—v-6—M-sin(f)+ By =0

e Vypocet reakce A, z celkové vodorovné souctové podminky (viz obrazek 1)

— a

= M = 19,4295kN

= B, = 19,6622kN

= 0=0

A, —F—u-3—v-6+B, =0
— A, = —9,6622kN

e Kontrola reakce A, na desce ¢.I (viz obréazek 1)

— a

—Cp+ M- -sin(f)-9+C-9=0

— 0=0

(10)

(11)

(12)

(13)

(14)

(16)
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Obrazek 6: Deska I.

Vypocet vnit¥nich sil:

e 7Znaménkova konvence se ¥idi podle pravidel uvedené na obrazku.
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Obrazek 7: Znaménkova konvence
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Obréazek 8: Sty¢nik a

+A, — L-cos(B) = —29,9375kN
Noj = —29,9375kN

— A, — L - sin(B) = —1, 3340kN
Vay = —1,3340kN

— N+ F = —24,9375kN
Ny, = —24,9375kN

Vas + F = 2,666kN

= Vj. = 2,666kN
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Obrézek 9: Stycénik f
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Obrazek 10: Stycnik ¢

—M -sin(fB) - cos(a) + Vi - cos(a) + Ny - sin(a) + M - cos(f) - sin(a) =

—21.5170kN (25)
—M -sin(B) - sin(a) + Vi, - sin(a) — Nyc - cos(a) — M - cos(3) sin(a) =
7.1650kN (26)

/|

l
7

t* ty
tn
ty
t*
T~
tn

Obrazek 11: Sklopeni obdélnikového zatizeni
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t*=t+r-cos(o) = t"=1,4330kN/m
ty = (t+7r-cos(e)) -sin(ar) =ty =0,7165kN/m
fv=0+r-cos(a)) cos(a) = ty =1,2410kN/m

i Nge = Neg+0,7165 - 11,5470 = —13,2435kN
Ko Vie = Vig—1,2410- 11,5470 = —35, 8468kN
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Obrazek 12: Stycnik b

JiNyy = B.— M -cos(B) = —23,5792kN
Ny, = Ny, = —23,5792kN
—:Voy = —By,+M-sin(8) = —1.9444kN
Vyy = —By+ M sin(B)+v-6=1,0556kN
JiNge = Npy = —23,5792kN
Ney = Ny = —23,5792kN
Vi, = 4, 9444kN
Vye + u - 3 = 7.9444kN
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Obrazek 13: Stycnik e
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N Neg = —Veg - cos(a) + Neg - sin(a) + L - cos(f) - sin(a) — L - sin(B) - cos(a) =
— 25 7T182kN (40)
V1 Vea = Veg-sin(a) + Neg - cos(a) + L - cos(B) - cos(a) — L - sin(f) - sin(a) = —6.6641kN (41)
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Obrazek 14: Sklopeni lichobé&znikového zatiZzeni

t* =t+r-cos(a) = t*=1,4330kN (42)
"™ =t+s-cos(a) = " =1,8660kN (43)
ty = (t+7-cos()) - cos(a) = tj, =1,2410kN (44)
ty = (t+r-cos(a)) - cos(a) =t} = 1.6160kN (45)
ty = (t+7r-cos(a)) -sin(a) = ty =0,7165kN (46)
ty = (t+7r-cos(a)) -sin(a) =ty = 0.9330kN (47)

e Pro vypocet normalové a posouvajici sily si musime vyjadfit pievedené spojité zatizeni (viz vyse)
analyticky:

fv(z) = — 1(1) 2;?0 -2 +1,2410 = —0,03248 -  + 1.2410 (48)
Viz) = —0'032248 2 £ 1.2410 -z + Vig (49)
fn(z) = — 1(1'?515750 -2 +0.7165 = —0.01875 - = + 0.7165 (50)
N(z) = —0'012875 2% 4 0.7165 - & + Nog (51)

e Nyni do analytickych rovnic dosadime za x Sikmou vzdalenost mezi styéniky:

¢ Nge = —18,69477kN (52)
Vg = 9,8311kN (53)

Vypocéet ohybovych momentii:

e Znaménkova konvence se ¥idi podle pravidel uvedené na obrazku ¢.7
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M, =  0kNm (54)
M, =  OkNm (55)
M; =  —A,-6+L-sin(8)-6=123,9504kNm (56)
Mgy, = v-6-3+ M -sin(f) -6 — By -6 = —2,664kNm (57)
My = Myb—M,=—7,664kNm (58)
M, =0kNm (59)
M, = 0kNm (60)
d
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Obrazek 15: Pribéh normalovych sil
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Obrazek 16: Prubéh posouvajicich sil
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Obréazek 17: Pribéh ohybovych momenti
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