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Aufgabe 1

F

α β
h

α = 30◦

β = 45◦

1. Statische Bestimmtheit:

f = 3k − (a+ z) = 3− (1 + 2) = 0

2. Auflagerreaktionen:

F

h

x1

x2

s t
AH

AV B

tan 30◦ = h
5

1√
3
= h

s
→ s =

√
3h t = h

ΣH = 0 : AH = 0

Σ
x

B = 0 : −AV · (s+ t) + F · t = 0

−AV (
√
3 + 1)h+ Fh = 0

AV = 1√
3+1

F

ΣV = 0 : AV +B − F = 0

B = F − 1√
3+1

F =
√
3√

3+1
F

3. Schnittkräfte:

30◦

30◦

A

A
M(x1)

N(x1)Q(x1)

AV
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Aր = cos 30◦ · AV =
√
3
2
AV =

√
3

2·(
√
3+1)

F

Aց = sin 30◦ · AV = 1
2
AV = 1

2·(
√
3+1)

F

Σ ց : − 1
2·(

√
3+1)

F +N(x1) = 0 ⇒ N(x1) =
1

2·(
√
3+1)

F

Σ ր :
√
3

2·(
√
3+1)

F −Q(x1) = 0 ⇒ Q(x1) =
√
3

2·(
√
3+1)

F

Σ 	 : M(x1)−
√
3

2·(
√
3+1)

F · x1 = 0 ⇒ M(x1) =
√
3

2·(
√
3+1)

F · x1

Bereich 2:

45◦

45◦

B

B

M(x2)

N(x2)

Q(x2)

B

Bր = 1√
2
·B =

√
3√

2(
√
3+1)

F

Bց = 1√
2
·B =

√
3√

2(
√
3+1)

F

Σ ւ : N(x2) = Bր =
√
3√

2(
√
3+1)

F

Σ տ : Q(x2) = −Bց = −
√
3√

2(
√
3+1)

F

Σ � : M(x2)− Bց · (l − x2) = 0 mit l =
√
2h

M(x2) = (
√
2h− x2)Bց = (

√
2h− x2) ·

√
3√

2·(
√
3+1)

F

4. Graphische Darstellung:

Q[F]:
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√
3

2(
√
3+1)

−
√
3√

2(
√
3+1)

−
+

N[F]:

1
2(
√
3+1 √

3√
2(
√
3+1)

−
+

l1 =
h

sin 30◦
= 2h

M(x1 = l1 = 2h) =
√
3√

3+1
Fh

M(x2 = 0) =
√
3√

3+1
Fh

M[F.h]:

√
3√

3+1

5. Lastanalyse:
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Es seih = 0, 3m M = 130Nm g = 10N
kg

130Nm =
√
3√

3+1
F · 0, 3

F ≈ 683, 52N = m · g ⇒ m ≈ 68, 35kg

b) Integration der Dgl
q(x) = q0 sin(

x
l
π)

x

l

Q(x) = −
∫

q0 sin(π
x
l
)dx+ C1

= −q0(−cos(π x
l
) · l

π
) + C1 = q0

l
π
cos(π x

l
) + C1

M(x) =
∫

Q(x)dx+ C2

= q0(
l
π
)2 sin(π x

l
) + C1x+ C2

RB : Q(x = l) = 0

⇒ q0
l
π
· cos(π) + C1 ⇒ C1 = q0

l
π

M(x = l) = 0

⇒ q0(
l
π
)2 sin(π) + q0(

l2

π
) + C2 = 0 ⇒ C2 = −q0

l2

π

Q(x) = q0
l
π
cos(π x

l
) + q0

l
π

M(x) = q0(
l
π
)2 sin(π x

l
) + q0

l
π
x− q0

l2

π

6. Auflage berechnen:

M(0)

N(0)

Q(0)

AH

AV

MA

AH = 0

AV = Q(0) = q0
l
π
cos(0) + q0

l
π
= 2q0

l
π

MA = M(0) = q0(
l
π
)2 sin(0) + q0

l
π
· 0− q0

l2

π
= −q0

l2

π
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Aufgabe 2

1. Fachwerk:

1.
Innen:

2k − (s+ r) = 0

2 · 10− (16 + 4) = 0

20− 20 = 0

Außen:

3s− (z + q) = 0

3 · 2− (2 + 4) = 0

6− 6 = 0

2.
System-1:

F

AH

AV

1
2

3

4

5 6

7

GV

GH

ll

60◦

ΣMG = 0 : AV · 2l + F l = 0 ⇒ AV = −F

2

ΣFV = 0 : −AV +GV − F = 0 ⇒ GV =
F

2

ΣFH = 0 : GH = −AH

Gesamtsystem

ΣMB = 0 : AV · 3l + AH
l
2
+ F · 2l + F · l

2
+ F√

2
l = 0

AH = −2
[

3 ·
(

−F
2

)

+ 6
2
F + 1√

2
F
]

AH = −(2 +
√
2)F

⇒ GH = (2 +
√
2)F

System-2:
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PSfrag

BH

BV

8

9

10

11

12

13

14

15 16GV

GH

l
2

l
2

F

F

ΣFH = 0 : −GH + F√
2
+BH + F = 0

BH = (2 +
√
2)F − F − F√

2

BH = (1 +
1√
2
)F

ΣFV = 0 : −GV − F√
2
− BV = 0

BV = −(
1

2
+

1√
2
)F

3.

AH

AV

GV

GH

√
3
2
l

F

I

II
S3

S2

S4

60◦
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ΣM I = 0 :

−S3

√
3
2
l −AH

√
3
2
l + AV

l
2
= 0

S3 =
2√
3

[

(2 +
√
2)

√
3
2
− 1

4

]

F

S3 = (2 +
√
2− 1

2
√
3
)F

ΣM II = 0 : AV l + S4

√
3
2
l = 0 ⇒ S4 =

1√
3
F

S2 = 0 ...offensichtlicherNullstab

4.

S8 = GV ⇒ S8 =
F

2

S9 = GH ⇒ S9 = (2 +
√
2)F

ΣFV = 0 : −S8 − F 1√
2
− S10

1√
2
= 0

S10 = −(
1√
2
+ 1)F

ΣFH = 0 : S11 + S10
1√
2
+ F 1√

2
= 0

S11 =
1

2
F

5. Schwerpunkt S der Platte (nur xs):

xs =
ΣixiAi

ΣiAi

=
l · 2l2 − 2l

3π
· π
4
(
l

2
)2

2l2 − π

4
(
l

2
)2

=
2l3 − 1

24
l3

2l2 − π

16
l2

=

47

24
l

32− π

16

xs =
94

96− 3π
l

6.
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AH

AV B

1

2

3

4

5

6

7

8

F

F

ll

l

2l

l
2

mg

S

ΣFH = 0 : AH = −F

ΣMA = 0 : −mgxs − F · 3l +B · 4l = 0

B =
3

4
F +

xs

4l
mg

ΣFV = 0 : AV −mg + B − F = 0

AV =
1

4
F +

4l − xs

4l
mg

7. Wähle Stabkräfte S1, S2, S3

AH

AV B

S1

S2

S3

4

5

6

7

8

F

F

l

l
2

mg

S
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ΣM I = 0 : −S3l +Bl + F l = 0

S3 =
7

4
F +

xs

4l
mg

ΣFV = 0 : B − F − S2
1√
2
= 0

S2 =
√
2(−1

4
F +

xs

4l
mg)

ΣFH = 0 : −S1 − S3 − S2
1√
2
+ F = 0

S1 = −7
4
F − xs

4l
mg + 1

4
F − xs

4l
mg + F

S1 = −1

2
F − xs

2l
mg
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Aufgabe 3

1. die Seilkurve und den Horizontalzung:

y′′(x) = 1
H
q(x)

y′(x) = 1
H
q0x+ C1

y(x) = 1
2H

q0x
2 + C1x+ C2

RB : y(x = 0) = 0 → C2 = 0

y(x = 2l) = −3l → 2
H
q0l

2 + 2C1l = −3l

C1 = −3
2
− 1

H
q0l

Horizontalzug : ηmax = 0, 1l = 4q0l2

8H

H = 5q0l

Damit : G = −3
2
− 1

5
= −17

10

y(x) = 1
10

x2

l
− 17

10
x

2. Seilkräfte:

Umschlingwintel :

Rolle1

α1 =
π
2
+ | arctan(y′(x = 0))| ≈ 2, 61 = 149, 54◦

Rolle2

α2 = | arctan(y′(x = 2l))| ≈ 0, 915 = 52, 43◦

S1 = H
√

H(y′(x = 0))2 = 9, 869 · l
S2 = H

√

1 + (y′(x = 2l))2 = 8.29 · l

Rolle1 :

nachrechts S1 ≤ mgeµ1α1

µ1 ≥ 1
α1

ln[ S1

mg
]

nachlinks mg ≤ S1e
µ1α1

µ1 ≥ 1
α1

ln[mg

S1

]

Rolle2 :

nachrechts 3mg ≤ S2e
µ2α2

µ2 ≥ 1
α2

ln[3mg

S2

]

nachlinks S2 ≤ 3mgeµ2α2

µ2 ≥ 1
α2

ln[ S2

3mg
]

mit q0 =
mg

l
:
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S1

mg
= 9, 86 > 1

mg

S1

= 1
9,86

< 1

S2

3mg
= 8,2

3
> 1

3mg

S2

= 3
8,2

< 1

⇒ µ1 ≥ 1
2,61

ln[9, 86] = 0, 877

⇒ µ2 ≥ 1
0,915

ln[8,2
3
] = 1, 099


