8

Losungen

8.1 Losungen zu Kapitel 1

Aufgabe 1-1
F, =173kN /, F, =10.0kN

Aufgabe 1-2
S1 =29.1kN, Sy = 25.2kN

Aufgabe 1-3
Sac = 1.79kN, Spc = 1.46 kN

Aufgabe 1-4
S1=0.86F, Sy =0.50F

Aufgabe 1-5
N; = 23.03kN, Ny = 30.76 kN

Aufgabe 1-6

S =Gy K =Gyp—m

Aufgabe 1-7
a; =61.0, ap =434

Aufgabe 1-8
S; = T7.46kN, Sy = 7.46 kN

Aufgabe 1-9
R=53kN, ap =786, Bz = 39.8, v = 52.5

Aufgabe 1-10
F =10.0kN, S =27.0kN, a = 17.7

Aufgabe 1-11
S=158G, a=184
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Aufgabe 1-12
F =366N, a =30

Aufgabe 1-13
S:%G, FF=F=3G K =K,=%+G

NG
Aufgabe 1-14
R = V/3kN, a:60,x:§a

Aufgabe 1-15
R=8.7kN, a=76.7, 2 =4.06 L

Aufgabe 1-16
R=694F, a«=77, x=4.13

Aufgabe 1-17
R =170kN, « =75.6, z = 5.26

Aufgabe 1-18
R=19.7kN, a =24,z =3.24

Aufgabe 1-19

a) R=57.18kN, a =64.5, x = 6.83

b) S; = —22.4kN, Sy = 12.4kN, S3 = 58.7kN
Aufgabe 1-20

a) R=69.1kN, a =13,z =—-7.1

b) S; = 91.5kN, Sy = —48.47kN, S5 = 57.7kN
Aufgabe 1-21

ZFIO —F1—|—F2—F3+F4—F5:0
SM=0: —Fy-a+F;5-2a—F;-3a+ F5-4a=0

Aufgabe 1-22

) LB cos ay
a)r = ———-
G
G sin ay G sin oy
b) A= — . . B=— .
sin aig COS (v + €OS Qrp Sin g Sin ap cos aip + €os g sin g

8.2 Losungen zu Kapitel 2

Aufgabe 2-1
ys = 33.4cm, zg = 25.9cm

Aufgabe 2-2
ys = 1.88cm, zg = 7.19cm



8.2 Losungen zu Kapitel 2

Aufgabe 2-3

a) ys = 0.0mm, zg = —17.7mm

b) ys = —13.1mm, zg = —17.7mm
Aufgabe 2-4

a) rs — 2.2 L, Ys = 2.4 L
b) Trs = %L, ySI%L
Aufgabe 2-5

_ 16
@ =7

Aufgabe 2-6
g =0.86L, ys =0.86 L

Aufgabe 2-7
s = 0.0cm, yg = 28.8cm
Aufgabe 2-8

6RH + 2H? + 31 R* — 4R?
6H + 3R

a) ys =
H
b) — <v2
) 5 <V2
Aufgabe 2-9

s 2 2 p3
TR2 — 37 R?

ys =0, zg =

Aufgabe 2-10

Gr+ 1R
a) ySIOv zZs = 4%7_(__2
2r 1
b) ys = e Zs = —57’

Aufgabe 2-11

29
50

Aufgabe 2-12
a)xszl,yg:%A
3

Trs = b,ysz%h

1 1 1 1 .3, 1 7
b) zg = 37— 1207 5" 1™ T sa”
ts =712 YT 2 _ 1 4
18 a8
Aufgabe 2-13
2R
rs = Rv yS =

s

Aufgabe 2-14
Trs — 118H’l, Ys = 2.75m
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Aufgabe 2-15
g = 1.30m, ys = 0.98m

Aufgabe 2-16
Rsin«

180 — «

xSZO:yS:_

8.3 Lo6sungen zu Kapitel 3

Aufgabe 3-1

_ 10 _ _
Ay = 5kN, A, =9.7TkN, B = 12.4kN
Aufgabe 3-2
Ay = —4.27kN, A, = —0.1TkN, B = 0.44kN
Aufgabe 3-3
A, =—45kN, A, =0.8kN, B=6.1kN
Aufgabe 3-4
Ay =4.0kN, Ay = 15.0kN, M4 = —29.7kNm
Aufgabe 3-5
Apy = —10kN, Ay = 20kN, My = —50kNm
Aufgabe 3-6
A, =2.66kN, A, = 1.48kN, B =0.79kN
Aufgabe 3-7
A, = 3.38kN, A, =14.70kN, B = 29.54kN
Aufgabe 3-8
A=Lp+2F, - Yp, B = lp (L4 E, B =R +(3V3-YHR - 1R
Aufgabe 3-9

A, = —1.07kN, A, = 5.55kN, S = 1.62kN

Aufgabe 3-10
A, =6.3kN, A, = 6.0kN, B = 14.0kN

Aufgabe 3-11

A =3.84kN, B, = =3.18kN, B, = 2.34kN
Aufgabe 3-12

A, = —05kN, A, = 3.0kN, B =1.5kN

Aufgabe 3-13
A, = =7.00kN, A, = 10.85kN, B = 16.15kN
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Aufgabe 3-14
A =4.7kN, B =5/5kN, C = 2.3kN

Aufgabe 3-15
A, =0.0kN, A, = 30.2kN, B = 36.0kN

Aufgabe 3-16

a) A, =1.92kN, A, =5.44kN, B = 3.20kN
b) A= 3.20kN, B, = —1.92kN, B, = 5.44kN
Aufgabe 3-17

A, =0.0kN, A, = 23.8kN, B = 71.2kN

Aufgabe 3-18
A, =0.0kN, A, = 3 kN, B =3TkN

Aufgabe 3-19
A, =0.0kN, A, = 2kN, B=2kN

Aufgabe 3-20
A, =0kN, A, =T7kN, B =T7kN

Aufgabe 3-21
A, =0kN, A4, = %kN, B = %kN

Aufgabe 3-22
A, = 0.0kN, A, = 17.2kN, B = 14.8kN

Aufgabe 3-23
A, =0kN, A, = 15kN, B =15kN

Aufgabe 3-24
A, =0kN, A, = —45kN, M4 = 0kNm

Aufgabe 3-25
A, =0kN, A, =0kN, A, = 15kN, My, = 75kNm, M4, = —30kNm, M, . = 0kNm

Aufgabe 3-26
Fo=4F, Fp =0, Fc =0, Fp=F, Fp=—-F

Aufgabe 3-27
A, = 0kN, A, = OkN, A, = 10kN, M4, = 30kNm, My, = —10kNm, M, . = 0kNm

Aufgabe 3-28
Ay =qlL, Ay = —qL, A, =0.5¢L, My, =
B, =—qL, B,=0, B, =-0.5¢L, C, =0,
Aufgabe 3-29
Ay =0, Ay =—F A, =0, My, =0, My, =0, My, =—Fa, B, =0, B, =2F, B, =0,
C,=0,=C,=0,D,=D,=D,=0

qu Ay — qu MA,z =0,
Cy=qL, C,=2qL
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Aufgabe 3-30

A, = —2kN, A, = 2kN, A, = —1kN, My, = 4kNm, M4, = OkNm, M, ., = —8kNm,
B, = B, = 0kN, B, = 3kN, C, = 0kN, C, = —2kN, C, = 0kN, D, = D, = OkN,
D, =2kN

Aufgabe 3-31

Ay =A, =0kN, A, = 3kN, My, = 0kNm, My, = 2 kNm, M, . = 0kNm,

B, = B, = B, = 0kN, C, = C, = 0kN, C, = ZkN (fir My = 5kNm,qy = 3EN),
D, =D, =D, =0kN

Aufgabe 3-32

Ay =5kN, Ay =0kN, B=—10kN, C =44kN, D = —16 kN,

Giv = —5kN, G1 g = 0kN, Goy = 5kN, Gy y = 0kN

Aufgabe 3-33

Ay = —0.75kN, Ay = —2.00kN, B = 3.00kN, C = —5.00kN, D = 1.25kN,

Giv = 1.25kN, Gy = 2.00kN, Gy = —1.25kN, Gy = 2.00kN

Aufgabe 3-34

Ay = 18.47kN, Ay = 0.00kN, B = 34.24kN, C' = 31.00kN, D = 13.29 kN,

Giv = 12.71kN, G g = 0.00kN, Goyv = —14.29kN, G5 g = 0.00kN

Aufgabe 3-35

Ay =4.50kN, Ay = 0.00kN, M, = —2 kNm, B = 12.25kN,

Gy = 3.50kN, Gg = 0.00kN

Aufgabe 3-36

Ay = 55.23kN, Ay = 56.18kN, M, = —102.36 kNm,
By = —29.83kN, By = 49.72kN, G15 = —55.23kN, G,y = 21.18kN,
Goy = —29.83kN, Goy = —49.72kN

Aufgabe 3-37

A =450kN, By = 0.00kN, By = 18.00kN, C = —4.50kN,
Gy =6.75kN, Gy = —4.50kN

Aufgabe 3-38

A= —245kN, By = 61.5kN, By = —20.0kN, C = 52.0kN, D = —32kN,
Giv = —12.0kN, Gy = 20.0kN, Goy = 20.0kN, Gy = —12.0kN

8.4 Losungen zu Kapitel 4

Aufgabe 4-1

a)7+3=2-5

b) Ay =3.0F, Ay =25F, B=—45F

c) S =—F, Sy=—F, 53:—%\/517, Sy =0, S5 =/5F, 56:—%}7, 57:%\/3F
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Aufgabe 4-2

a)9+3=2-6

b)AV:%F, AH:—F,B:%F

c) S1=—5F, Sy =2F, S3=—F, Sy =—3F, S5 =2F, S4=2F, S; = -2F,
Sy =—3F, Sy = 55F

Aufgabe 4-3

a) 13+3=8-2

b) A= —100.0kN, By = 150.0kN, By = 20.0kN

c) S; = 60.0kN, S, = —116.6kN, S3 = 38.9kN, S, = —116.7kN, S5 = 40.0kN,
Sll == OO kN, 512 - 1000 kN, 513 == —943 kN

Aufgabe 4-4
a)1l1+3=2-7
b) Ay = —2.00F, Ay = —(1 ++/3)F, B=0.73F

C) 51:%}‘_’, SQZF, 53:(2—§)F

Aufgabe 4-5

b) A=2F, B = —gF, Cy=—1F, Cy=YF

)S1 —2F, Sy = 3V2F, S5 = 13F Sy=—F, S;=—-2F, S =—1V2F, 5; =
\fF Sy = —F Sio=—2F, S;; =—F, 512_0 Si3=—2F, S14=0

Aufgabe 4-6

Aufgabe 4-7

a)10+4=7-2

b) A= —F, By = —3F, By=—F, C=1
c) Keine Nullstdbe vorhanden.
d) S1 = 3V2F, Sy = LF, Sy = —2F

Aufgabe 4-8

a)14+4=2.9

b) A=3V2F, By = —3F, By = —2F, C =

c) 52, 54, S5, Se, S, 510, S14

) —3V2F, S =0, S3=—1V10, S4 =0, S5 =0, S =0, S; =  F,
%\/317,5920,510—0.511——F,512— 3VBF, Si3 = — —3F, S14=0

Aufgabe 4-9
a)13+3=2-8
b) Ay = ¥F, Ay =F, B=-3F
) Sl SS 58 Sll 513
d) S, =0, S, = —0.5F, S3=—05F, Sy = —F, S5 =0, S =
Sg=0,Sy=—3F, S19=2F, S;1=0,S2=—F, S135=0

ﬂklw

19 _ 5
~Lp, 5 =3F,
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Aufgabe 4-10

a)AH:—F, AV:4F,B:—2F

b) S3, Ss, S0, S5

c) S =F, Sy =—2V2F, Sy =F, S5 = 2/2F, S¢ = —4F, S; = —5F, Sy = 3/2F,
Sll = —4F, 512 = —5F, 513 == \/§F, 514 == 2F

Aufgabe 4-11

a)15+3=2-9
b) Ay =0, Ay =F, B=F
) S =3F Sy=F,S3=3F, Sy=—2F, S5 = -3V2F, Sg = LF, S; = LF,

~3.V20F, Sy = —2%F, Sy WF 511:0 Sia =0, Slg_WF
514:_F1515:_F

Aufgabe 4-12

a)9+3=6-2

b) Ay =0, Ay = 15kN, B = 15kN

c) Sy = —30kN, Sy = —60kN, S3 = —30kN, S, = 15v/5kN, S5 = —15kN,
Se = 15v/5kN, S; = 15v/5kN, Sy = —15kN, Sy = 15v/5kN

Aufgabe 4-13

a)AH:gF, AV:?)F,B:%F

b) S5, So, Stz

c) Sy =-UF, S =-3V2F, Sy=4F, Sy = -L\2F, Sg = -L2F, 5, = -BF
Sg = %ﬂF Sio = %\/EF S = —%F, Sig = %F

Aufgabe 4-14

a)3+9=2-6

b) Kein einfach abbaubares Fachwerk.

C) AH:—gF, AVZOF, BHZBF, BV:3F
d) S =3F, Sy = —2F, 85=0,5,=0

Aufgabe 4-15

a) 3421 =212

b) Ay = 2F, Ay = AF, B = 2F
c) Horizontalstab an Auflager (B), Vertikalstab an Knoten in Ecke iber (B).
d) Si = —F, Sy = —11F, Sy = —3\/5F, Sy = —2F, S5 = ¥ F

Aufgabe 4-16

Aufgabe 4-17
a)3+19=2-11
by A=F, By=F, By =F
c) Keine Nullstdbe vorhanden.
d) S; = V2F, Sy = —\2F, S3 = —F, S, =
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Aufgabe 4-18

a)AH:%F, AV:?)F,B:—%F

b) Unbelasteter Zweischlag am rechten AuBenrand.

) S1 = —2V2F, Sy = —=3V2F, Sy = —2F, Sy =4F, S5 = —3F, 5S¢ = —2\2F

Aufgabe 4-19

a) Ay = 0.5v2F, — 2.0qL, Ay = 0.7F) + 0.8v2F, — 0.4qL, B = 0.3(F, — V2F,) + 0.4¢L
b) Alle Stabe die rechts von Auflager (B) liegen sind Nullstébe.

c) S1 =Sy = —0.3(F, —v2F,) — 0.4qL, S5 =0.0, S; = 0.4F}

Aufgabe 4-20

a)4+26=2-15

b) Ay = 10kN, Ay = 10kN, By = —20kN, By = 20kN

c) S; =20kN, Sy = —10v/10kN, S5 = 0, Sy = 20kN, S5 =0, Ss = —10/10kN,
S7 = —20v/2kN, Sg = 10kN, Sg =0, S19 = —10v/10kN, S;; =0, Si5 = 10kN,
S13 = —10v/10kN, Sy4 = 40kN, S5 = —20v/10kN, S;6 = 0, S17 = 40kN, S;5 = 0,
Slg - —QOMkN, 520 - —40\/ﬁkN, 521 - 40 kN, 522 - 0, 523 - —20\/EkN,
524 - 0, 525 - 40 kN, 526 - —20\/mkN

Aufgabe 4-21

a)9+9=3-6

b) A, = —2kN, A, =5.00kN, A, = 2 kN, B, = 0.00kN B, = —10.00kN,
B. = —10.00kN, C, = 2 kN, C, = 5.00kN, C, = £ kN

c) 51 = 10v2kN, S, = —5v2kN, S3 = —L\/2kN, 5, = —18/2kN, S5 = 0.00kN,
S5 = BV2KN, S; = 2V26kN, Sy = —2V/2kN, Sy = —5.00kN

8.5 Losungen zu Kapitel 5

Aufgabe 5-1

a) Ay = —2F, Ay = —3F, B=3F

b) 0<z<L N = 2F Q = —iF M(0) = 0
L<xz<3L N = 2F Q = F M(L) = —iF

Aufgabe 5-2

a) Ay = 10.0kN, Ay =6.0kN, M4 = —25.5kNm

b) 0.0<z<15 N = —-100kN @ = 6.0kN M(0.0) = —255kNm
1.5<z<30 N = —100kN @ = 3.0kN M(1.5) = —16.5kNm
30<x <45 N = —100kN @ = 0.0kN M(3.0) = —12.0kNm
00<xr<12 N = 0.0kN @ = 10.0kN M(4.5) = —12.0kNm

M(1.2) = 0.0 kNm
Aufgabe 5-3

a) AH = 0, AV = —10kN, B = 8.0kN
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b) 0.0<z<20 Q = 0.0kN M(2.0) = 0.0kNm
20<2<60 Q = —1.0kN M(4.0) —2.0kNm
Q(6.0) = 40kN M(6.0) = 0.0kNm
Q8.0) = 0.0kN M(7.0) = —1.0kNm
Aufgabe 5-4
a) Ay = —14.93kN, Ay = 0.92kN, B = —7.76 kN
b) 0.0<z<50 Q = 1250kN M(2.5) = 31.25kNm
Q(5.0) = 1250kN M(5.0) = 62.50kNm
Q(75) = —1250kN M(7.5) = 62.50kNm
Q(10.0) = —=37.50kN M(10.0) = 0.00kNm
Aufgabe 5-5
a) Ay =0, Ay = 12.5kN, B = 37.5kN
b) Q(.0) = 125kN M(5.0) = 62.5kNm
Q(7.5) = —125kN M(7.5) = 62.5kNm
Q(10.0) = —37.5kN M (10.0) = 0.0kNm
Aufgabe 5-6
a) Ay = —21.0kN, Ay = 7.5kN, B =2.5kN
b) 00<z<15 N = —21.0kN Q = 75kN M(1.5) = 11.25kNm
15<z<30 N = —21.0kN @ = —-25kN M(3.0) = 7.50kNm
30<z<60 N(40) = 140kN Q = —25kN M(45) = 3.75kNm
N(5.0) = 7.0kN
N(6.0) = 0.0kN
Aufgabe 5-7
a) Ay =0, My =480.0kNm, B = 120.0kN
b) Q(0.0) = 0.0kN M(0.0) = 480.0kNm
Q(4.0) = —60.0kN M(4.0) = 360.0kNm
Q(8.0) = —120.0kN M(8.0) = 0.0kNm
Aufgabe 5-8
a) Ap =0, Ay = —0.83kN, B = 23.33kN
b) Q(0.0) = —0.83kN M(2.5) = —4.66kNm
Q(2.5) = —=3.95kN M(5.0) = —25.00kNm
Q(5.0) = —13.33kN M (6.0) —15.00 kNm
50<z <75 @ = 10.00kN M(7.5) = 0.00 kNm
Aufgabe 5-9
a) Ay = 3.38kNm, Ay = 14.71kN, B = 29.54 kN
b) 00<z<15 N = 00kN Q = —500kN M(L5) —  —7.50kNm
1.5<z<35 N = —-338kN @Q = 9.71kN M (3.5) = 11.29kNm
35<x<55 N = —=338kN @ = —029kN M;us(5.5) = 11.34kNm
55 < <70 N = —=338kN @Q = —13.29kN M,cns(5.5) =  31.34kNm
70<x<80 N = -—-338kN @ = —2229kN M(7.0) = 11.40 kNm
80<zx<95 N = —-338kN @Q = 7.25kN M (8.0) = —10.88kNm
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Aufgabe 5-10

a) Ay =0, Ay =5.67kN, B = 4.33kN
Q(0.0)

b)
1.0 <z <20
2.0<z<3.0

Aufgabe 5-11

Q

= 5.67TkN
= 2.67kN
= 0.17kN
= —2.33kN
= —3.83kN
= —4.33kN

SEEEXSER

A~ N N N~

o O W=

S O O O OO

NN 7 N N
|

a) Ay =0, Ay = 30.00kN, M4 = —229.20kN
= 30.00kN M(0.0) =

b) 0.0<z<5.0

Aufgabe 5-12

ohne Ldsungsangabe

Aufgabe 5-13

Q

Q(7.5)
Q(10.0)

= 16.25kN M(5.0)

= 0.00kN M(7.5)

a) Ay =0, Ay = 10kN, M, = —30kN, B =0

b) 0.0<z<3.0

3.0<2<15.0
Aufgabe 5-14

Q
Q

10.0kN M(0.0) = —30
M(15) = —15
0.0kN M = 0

5.67 kNm
8.34 kNm
8.51 kNm
8.00 kNm
4.25 kNm

0.0kNm

—229.20 kNm
—79.20 kNm
—20.83 kNm

.OkNm
.0OkNm
.OkNm

a) Ay =0, Ay =5.0kN, B=125kN, C = —-7.0kN, D = 1.5kN

b) 0.0<z <20
20< 2 <40
40 <z <10.0
10.0 <z < 14.0
14.0 <z < 16.0
16.0 < 2 < 20.0

Aufgabe 5-15

QOO0

5.0kN
—10.0kN
2.5kN
—2.5kN
5.5kN
—1.5kN

a) Ay = —0.50kN, Ay = 2.55kN, B =1.95kN

b) 0.0<z <20
20< 2 <40
40 <z <10.0

Senkrechter Arm:
00<z<20

Unterer Arm:
00<z<1.0

Aufgabe 5-16

N
N
N

N

N

0.50kN @
0.50kN Q
0.0kN Q

2.50kN Q

0.50kN Q

M(2.0) = 10.0kNm

M(4.0) = —10.0kNm

M(8.0) =  0.0kNm

M(10.0) =  5.0kNm

M(120) =  0.0kNm

M(14.0) = —5.0kNm

= 255kN  M(2.0) = 5.10kNm

= 0.55kN  Mys(4.0) = 6.20kNm
—1.95kN  M,eons(4.0) = 7.70kNm

Myeents(7.0) = 5.85kNm
= —0.50kN M(2.0) = —2.50kNm
= 250kN M(1.0) = 0.00kNm
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a) Ay =0, Ay = 18.47kN, B = 34.24kN, C' = 31.00kN, D = 13.29kN

b) Q(0.0) = 1847kN M(0.0) = 0.00kNm
Q(2.31) = 0.00kN M(25) = 21.19kNm
Q(5.0) = —2153kN M(5.0) = —7.63kNm
50<z<65 Q — 1271kN M(6.5) = 11.44kNm
65<z<85 Q =  071kN M(85) = 12.86kNm
85<x <100 Q = —1429kN M(10.0) = —857kNm
Q(10.0) = 16.71kN M(12.5) = 25.72kNm

Q(12.79) =  0.00kN

Q(15.0) = —13.29kN

Aufgabe 5-17

b) 00<2<20 N = —90kN Q = —75kN M(2.0) = —150kNm
20<x <50 N = 35kN @ = 5.0kN
Oberer Arm:

00<x<20 N = 125kN @ = 125kN M(2.0) = 25.0kNm

Senkrechter Arm:
00<zx<20 N = 125kN @ = —-125kN M(2.0) = 0.00kNm

Aufgabe 5-18
a)AH:O,AV:%,MA:—

q
2
By =0,By =%, Mp=—%e(L —e)
b) e = L(1+ ¥2)

Aufgabe 5-19

b)

Linker Teil:

00<zx<30 N = —250kN @ = —6.25kN M;xs(3.0) = —18.75kNm
30<x<40 N = 0.00kN @ = —6.25kN M,es5(3.0) = 6.25 kNm
Oberer Teil:

00<x<80 N = —625kN @ = 000kN M = 0.00kNm

Mittlere Teile:

00<z<1.0 N = 0.00kN Qs = 25.00kN M (0.0) = —25.00kNm
00<z<10 N = 0.00kN Qpeents = —25.00kN M (0.0) = —25.00kNm
Rechter Teil:

00<zx<10 N = 0.00kN @ = 6.25kN M;s(1.0) = 6.25 kNm
1.0<x<40 N = —2500kN @ = 6.25kN M,enis(1.0) = —18.75kNm

Aufgabe 5-20

a) Ag = 3.00kN, Ay, = 14.17kN, B = 10.83kN
b)

Senkrechter Teil:
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00<z<50 N = —1417kN @ = -3.00kN M(5.0) = —15.00kNm
Waagerechter Teil:

00<x<20 N = 0.00kN @ = 14.17kN M(1.06) = 0.00kNm

20<z<40 N = 0.00kN @ = 417kN M(2.00) = 13.33kNm

40<2z<60 N = 0.00kN @ = -—-10.83kN M(4.00) = 21.67kNm

Aufgabe 5-21
a) A=T743kN, By = 42.4kN, By = 90.4kN

b)
Schrager Teil:
0.0<z<233 N = —-383kN @ = 63.7kN M(2.33) = 148.6kNm
233<x<58 N = —-383kN @ = 33.7kN M(5.83) = 266.6kNm
Waagerechter Teil:
00<zx<40 N = —155kN @ = —21.5kN M(4.0) = 180.8kNm
40<x<60 N = —155kN @ = —-904kN M(6.0) = 0.0kNm

Aufgabe 5-22
a) AV =9.0 kN, AH =3.0 kN, BV =3.0 kN, BH = —3.0kN

b)

Linker Teil:

00<z<40 N = —-9.0kN @ = —-3.0kN M(4.0) = —12.0kNm

Oberer Teil:

00<zx<40 N = =3.0kN Q(0.0) = 9.0kN M(2.0) = 0.0kNm
Q3.0) = 0.0kN M(4.0) = 0.0 kNm

40<r<80 N = -3.0kN Q = —3.0kN M(8.0) = —12.0kNm

Rechter Teil:

00<zx<40 N = —-30kN @ = 3.0kN M(4.0) = 0.0kNm

Aufgabe 5-23
a) Ay =40.00kN, Ay = 18.75kN, By = 40.00kN, By = —18.75kN

b)

Linker Teil:

00<zx<40 N = —40.00kN @ = —1875kN M(4.0) = —75.00kNm

Oberer Teil:

00<zx<80 N = —1875kN @Q(0.0) = 40.00kN M (3.0) = 0.00kNm
Q(3.0) = 10.00kN M(4.0) = 5.00kNm

Rechter Teil:

00<z<40 N = —40.00kN @ = 1875kN M(4.0) = 0.0kNm

Aufgabe 5-24

a) Ay = 12.63kN, Ay = 5.88kN, By = 11.37kN, By = —7.38kN

b)

Linker Teil:

00<zx<40 N = —1263kN @ = -588kN M(4.0) = —23.52kNm
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Oberer Teil:

00<z<80 N = —738kN Q(42) =  0.00kN M(4.0) = 0.00kNm
Q(8.0) = —11.37kN M(42) = 3.09kNm

Rechter Teil:

00<z<25 N = —11.3TkN @ = 7.38kN M(2.5) = 0.0kNm

Aufgabe 5-25
a) Ay =42.50kN, Ay = —8.00kN, M4 = —55.13kN, B = 15.00kN

b)

Unterer Teil:

00<z<40 N = —4250kN @Q = 8.00kN M(4.0) = —23.13kNm

Oberer Teil:

00<2x<20 N = —800kN Q = —15.00kN M (2.0)1inks = —30.00kNm
20<x <105 N = 000kN Q(7.5) = 0.00kN  M(2.0)rechts = —53.13kNm

Q(105) = —15.00kN M(7.5) =  225kNm

Aufgabe 5-26

b)

Linker Teil:

00<x<40 N = —403kN @ = —-20.3kN M(4.0) = —81.2kNm

Oberer Teil:

00<z<80 N = —40.3kN Q(4.03) = 0.0kN M(4.03) = kNm
Q(8.0) = —-39.7kN M(8.0) = -789kNm

Rechter Teil:

00<x<25 N = —=39.7kN @Q(1.25) = 31.5kN M(2.5) = 0.0kNm

Aufgabe 5-27
a) Ay = 10.0kN, Ay = 0.0kN, M, = 100.0kN

b) 0.0 <s<5m N(s) = 10.0kN - cos(2£s) Q(s) = —10.0kN -sin(2s)
M(s) = —50.0kN- (1 — cos(2s))

Sr<s<5mr+8 N = = “100KN Q = 0.0kN
M = —100.0 kNm

Aufgabe 5-28
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0.427T§(p§%

mit :
3
Tl p<sST

Aufgabe 5-29

™

B

O
B

=
<

=
S

SRSSIAGANS

=<
<= |
\_/v'\‘]

~—

RS

<

|
AS)

= —(1.91sinp + 2.66 cos ) - I
= (2.66sinp — 1.91cosp) - F
= 4-(2.66 —2.66cosp —1.91siny)- Fa
= —(1.66 cos 4+ 1.91singp) - I
(1.66sinp — 1.91cos ) - I

(8.66 — 6.64 cosp — 7.64singp) - Fa
—(0.66 cos p + 1.91sinyp) - I/
(0.66sinp — 1.91cosp) - F

= (7.64 — 7.64sinp — 2.64 cosp) - Fla

= —(0.49sinvy 4+ 0.76 cos ) - F
—(0.76siny — 0.49 cos ) - F
= (3.04 — 3.04 cosyp — 1.96sinv)) - Fa

a) A =5.0kN, By = 10.0kN, By = 0.0kN
N
M(z) =

b) 0.0<z <20
00<p <

4.0<2<6.0

Aufgabe 5-30

) =

M(p) =

M(zg) =

00kN Q = 5.0kN

5.0kN -z,
—5.0kN-cos¢g Q(p) = 5.0kN-singp

(3 —cosgp) - 5.0kNm
0.0KN Q =  —10.0kN

20.0kNm — 10.0kN - 25

a)A = 25.0kN, By = 30.0kN, By = —26.0kN

b) 0.0<p<T

S|
VAN
AS)
VAN

wly

w3y
IA
AS)
IA

VB

B
IN
DAY
IN

By

Aufgabe 5-31

=

Szz0zszox
==s=

=
S

~—~

= |

5%

S

S

|
AS)

—25.0kN - cos ¢

25.0kN - sin ¢

50.0kNm - (1 — cos ¢)

—(10.0kN - cos ¢ 4+ 25.9 kN - sin ¢)
10.0kN - sin ¢ — 25.9kN - cos ¢
24.1kNm — 20.0 kNm - cos ¢
—25.9kN -sinp

—25.9kN - cos ¢

40.0 kNm — 52.0 kNm - sin ¢

—(10.0kN - cos ) +26.0kN - sin¢))

26.0kN - cost — 10.0kN - sin v

40.0kNm — 20.0 kNm - cos ¢ — 52.0 kNm - sin ¢
—(26.0kN - sin ¢ + 30.0kN - cos ¢)

26.0kN - cos1) — 30.0kN - sin ¢

—52.0kNm - sin ¢) + 60.0 kNm — 60.0 kNm - cos ¢

a) A=1.0kN, By =5.0kN, By = —1.0kN
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€ =5

1.0kN - sinp — 5.0kN - cos

O
I

= —1.0kN
= 0.0kN
0.0 kNm

—1.0kN

—5.0kN

10.0kNm — 5.0kN - x4

—(5.0kN - singp + 1.0kN - cos p)

'

—(10.0kNm - sin ¢ + 2.0kNm - cos ¢ 4+ 8.0 kNm)

0.0<2,<1.0 = 1.0kN
= 5.0kN

(x9) = 6.0kNm — 5.0kN - x5

0.0<23<1.0 = —5.0kN
= 1.0kN

SO=a50C=250=250=50x=
©
I

—~
S
w

~—
|

Aufgabe 5-32
a) AV = AH = 50kN, BV = 50kN, BH = —50kN, CV = CH = 5.0kN

b) 00< 1 <5 N(p1) = —5.0kN - (sin ¢y + cos ¢1)
Qlp1) = 5.0kN - (sin ¢y — cos ¢1)

M(p1) = 20.0kNm - (1 —sinp; — cos¢y)

00<p <5 N(p2) = —5.0kN - (sin 9 + cos ¢9)
Qp2) = 5.0 kN - (sin ¢y — cos ¢2)

M(ps) = 20.0kNm - (siny + cospg — 1)

Aufgabe 5-33
a) A =25v2kN, By =5kN, By = 25kN, Mp =0, G, = —25kN, G, = 5kN

b) 0.0<z<20 N = 0 Q = —10kN M = —10z
20<z<40 N = —25kN Q = 25-5z M = —322?+252—060
40<2<60 N = —25kN Q = 25-50 M = —3a%+25z—00

Aufgabe 5-34
a) Ay =4.8kN, Ay = 11.4kN, B = 37\/5kN

1.0kN - z3 — 1.0kNm

b) 00<z; <22 N = —81V2kN @Q = —-33V2kN M = —3.3v214
00<2,<40 N = —114kN Q = 48—-2zy M = —a23+4.8z,—13.2
40<z,<80 N = 0 Q = 25kN M = 2.5z — 20

Aufgabe 5-35
a) Ay =0, Ay = —15kN, B =5kN, C = 20v/2 [kN]

b) 0.0<z; <30 N = 15kN @Q = 0 M = 0
30<2, <60 N = 20kN @ = 0 M = 0
1.0<2, <20 N = 0 Q = —HkN M = 10— bz,

Aufgabe 5-36
a) Ay = 2.5kN, My = 10kNm, B = L3\/5kN, C = 25 [kN]



8.5 Losungen zu Kapitel 5

111

b) 0.0 <z <20 N = =25kN @Q = 0 M = 10 kNm
20<2<4.0 N = =25kN @ = —5kN M = 20 — 5z
4.0<2<6.0 N —6.25kN @ 25kN M = 25x—-10
6.0 <z <80 N —6.25kN @ —25kN M = —-2.5x+ 20
80<x <100 N = 0 Q = 0 M = 0

Aufgabe 5-37

a) Ay = %kN, Ag =0, My = —%kNm, B = —?kN

b) 0.0<z<50 N =0 Q = DKN M = —%+%x
50<2<90 N =0 Q = 309-2?2-2 M = —-3(9-2)°-22+060

Aufgabe 5-38

a) A= —%\/5%[/. By = %%L, By = _%(JOL: G, = SQOL: G;y = %QOL ,
00<z<V2L N = —5v20L Q = ${V20L M = {HV2qLzy — 5q L

Aufgabe 5-39

a) Ay = 3.55kN, Ay = —3V2kN, B =6.22kN
b) Sy = —5kN, S, =5kN, S5 = —10kN, S; = 5kN

oberer Teil:

00<z<20 N = —25V2kN @Q = 25V2kN M = 2.5v/2x
20<2<60 N = —25V/2kN @Q = —25V2kN M = —2.5v2z
60<z<80 N = 25/2kN @Q = 25V2kN M = 252z —202
unterer Teil:

0.0<2z<20 N = 5v2kN @ = 1.78kN M = 1.78z
20<2<8.0 N = 25V2kN Q = 355kN M = 3.55x
80<x<100 N = 25V2kN @Q = —445kN M = —4.452
100<2<120 N = —25V2kN @Q = —-798kN M = —7.98z+ 127.64

Aufgabe 5-40

a) A=3.05kN, By = 1.55kN, By = —21/2kN

b) waagerechter Stab: N = 3.05kN, senkrechter Stab: N = —3.05kN,
linker Stab: NV = 3.84 kN, rechter Stab: N = 3.84 kN

waagerechter Teil:

00<x<30 N = —-305kN @ = 3.09kN M = 3.09 schriger Teil:
00<x<3v/2 N = 08kN @Q = 08kN M = 3.86 + 9.27
3vV2<x<6v2 N = 086kN @Q = —3.64kN M = —3.64z + 18.82

Aufgabe 5-41
a) Ay = 1.75kN, Ay = —2kN, B = 7.25kN

b) waagerechter Stab: N = —5.5kN, linker Stab: N = 2 kN, rechter Stab: N = 22 kN,

linker schrager Stab: N = —3—85 kN, rechter schrager Stab: N = —%5 kN
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00<z<40 N = 55kN Q = —IkN M = —Iz
40<z<60 N = B55kN Q = L75kN M = 1,752 — 105
60<x<80 N 55KN Q = 10.75— 150 M = —0.752% +10.75z — 285
80<x<120 N = —-55kN Q = —3z2+18 M = 5% + o — 51

Aufgabe 5-42

a) AV = %kN, AH = 1—75kN, BV = %kN, BH = —%kN

b) linker Stab: N = —%0 kN, rechter Stab: N = &70 kN,

linker schrager Stab: N = —5.34 kN, rechter schrager Stab: N = 80.1kN
linker Teil:

0.0<z<15 N = 0 Q = 2ZKkN M = D
15<2<35 N = —BkN Q = —2kN M = :)3+75
rechter Teil:

00<x<15 N = 0 Q = —@kN M = 3003:
15<x <35 N = —%kN Q = %kN M = 225 1125
Aufgabe543

a) Ay = kN Ay = —30kN, MA—SOOkN B = 560 kN

b) senkrechter Stab: N — — 280 kN, linker schrager Stab: N — 166.62 kN, rechter schriger
Stab: N = 150.94 kN
waagerechter Teil:

00<z<40 N = 30kN Q = -2 200 M = 50 _ 80, 0,2
40<z<70 N = —98kN
70<x<110 N = —98kN

Aufgabe 5-44

a) Q(z) = —q:)s+2qL M( ) = —2qa”® + 3qLz, M(0) =0, M(L) =0
b) Q(z) = qOL qox—l— qOL M(z) = —%q0x2+%q0%+% qoLx, M(O) =0, M(L)=0
) Qz) = —dqo% +200% — qor + LgoL, M(2) = —1qo% + 2q0% — Lqoa® + LgoLa
M(0)=0, M(L)=0

d) Q(z) = —qz + gL — 22, M(z) = —L1ga® + $qLa — Hax + My

IS

)
(r) = —2q0% sin 57 + 4q0%, M(zx) = 4q0% oS 57T + 4q07r—L2x — 4q0’7';—z
M(0)=0, M(L)=0
2
(z) = —2qoL sin J-x, M(x) = 4go%5 cos -z, Q(L) =0, M(L) =0

Aufgabe 5-45
N(x) = —nx+nL, N(L)=0

Aufgabe 5-46

a) 0<z<a Qi) = 22—-F M), = (£2-F)
CLSSL’SL Q(SL’)[} = (SL’)[[ = —x—Fa

Mr(0) =0, My;(L) =0, Mi(a) = MH( ), Qri(a) — Ql( ) =
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b) 0<z<L Qiz) = —QOQ%2 - 12610L M(z); = 3(]0 T+ 1500l
L<ae<L Q@) = QO%—2QO$+ QC_IOL M@ = g% — qa®+ Sl + Sqol?
M;(0) =0, Myr(L) =0, Mi(5) = Mi(5), Qr(%) = Qu(3)

)0 << a Q) =g, Mx)r =gz
a<z<L Q)=—qr+ ﬁ(qa + 0.5ga* — 0.5qL?),

M(z);; = —0.5¢g2 + 7 (qa+0.5ga® — 0.5¢L?)x + 0.5¢L* + -1 (0.5gL® — gaL — 0.5qa*L)
M;(0) =0, My (L) =0, Mi(a) = M(a), Qri(a) = Qi(a)

d) 0<z<a Qiz) = —qu+ie—1g% +tga M(z); = —%qx“r%—%ql Faa
a<zx<L Qx); = Mo — 14 f (x)H = (Me — %q%) — 3qa’
M](O) = 0, M[[(L) = MB: M[(CL) = M[[(CL), Q[[( ) a

8.6 Losungen zu Kapitel 6

Aufgabe 6-1
B =10kN, S, = —16.25kN

Aufgabe 6-2

Ay =2F, Ay = —F, My = My+7FL
Aufgabe 6-3

Ay =47.5kN, S; = —65kN

Aufgabe 6-4

B =101.25kN, §; = —101.25 kN
Aufgabe 6-5

Ay =By =0, Ay = —12kN, By = 22kN, S = 45.83kN, S, = 27.5kN
Aufgabe 6-6

Mk = 750 kNm

Aufgabe 6-7

B=24F S =Y\2F, 5 =1V2F
Aufgabe 6-8

B=2gL, C=0

Aufgabe 6-9

B=1F My=1FL

Aufgabe 6-10
My = —¢ kNm
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Aufgabe 6-11
B = %gL, Sy = 2.5gL, Sy = —/2¢L

Aufgabe 6-12
B =25gL, S, = 6F

Aufgabe 6-13
B =2kN, Mg =—79kNm, Q) = —LkN

Aufgabe 6-14
B=2F+14L S = -1V2F - ¥24L

Aufgabe 6-15
Ay = 9kN, M4 = 9kNm, QG —16.36 kN

Aufgabe 6-16

a) 5 Gleichgewichtslagen
b) 3 stabile Gleichgewichtslagen

Aufgabe 6-17

a) Fipy = 24, 3L > 1 stabile GGL, ?’FL < 1 instabile GGL

3L cyp
b) Fipit = 2L~ < 1 stabile GGL, 26 L > 1 instabile GGL
c) Frpir = 4L20F+CM, ALcrden -, 1 stabile GGL, 2E2¢rten 1 instabile GGL

3cpL’ 20 L
3L 3FL 3FL
Aufgabe 6-18
a) Fipit = ( k1 + 2ko) L, w > 1 stabile GGL, w < 1 instabile GGL
b) Frrie = 20 FL < 1 stabile GGL, Q > 1 instabile GGL

Aufgabe 6- 19
ka’t 2L’
Aufgabe 6-20

)901 2 P2 =
b) ¢ stabil fiir

Py stabil
(ps: stabil fiir £L=C <1, instabil fiir L6 > 1

F
Aufgabe 6-21
a)pr=2nm,n=0,1,2,..., o= 2n+ 1)m,n=0,1,2, ... p3 = arccos %
b) ¢ stabil fiir k—% < 1, instabil fur k—% > 1

g stabil

3: stabil fiir RQG—;Q > 1, instabil fiir % <1

2E 1 stabile GGL, E > 1 instabile GGL

G+F
3 = arcsin

G+F
< 1, instabil fir T

G+%

4kL > 1

8.7 Lo6sungen zu Kapitel 7

Aufgabe 7-1
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a) F = Ml

cos a— 1o Sin «
b) a* = arctan -
Ho

Aufgabe 7-2

_ V(sina—pg cos a)
a) Hl " posina+cosa

_ V(sina+pop cos )
b) H2 T cosa—ppsina

c) a* = arctan

Aufgabe 7-3

« = arctan ug

Aufgabe 7-4
a = H9°

Aufgabe 7-5

_ noGH
= H—Hoy(l—tan )

Aufgabe 7-6

a) F = —Gh#i;a, po = tan a1l — %)

b) F = %OG(bcosa— hsina), py = %Ob%—tana(l -

Aufgabe 7-7

_ (mo,a+10,8)Ga+po,BGB(1—po,4 tan a)
a) F = -
—uo, A tan o

b) a* = arctan ——
HO, A

Aufgabe 7-8
a~ 27.6

Aufgabe 7-9
Ly > 0.6L

Aufgabe 7-10

Aufgabe 7-11

a) fo,s = Qg—g tan «
b) MS,S =1
Aufgabe 7-12

a) Kiste bleibt nicht in Ruhe
b) Ho.A ~ Ga+Gp
po,B — Ga

C) F < ,UO,B(GA + GB) +,LLO,(](GA + G + Gc)

Aufgabe 7-13
a) M = Gry

2 cos a—sin a(,uo—l—#l—o)
b) ...

Aufgabe 7-14

2ho

)
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G —0.2m Ga 0.27
a) GLe™" << ELe
b) @ = e/J'OTr

G
Aufgabe 7-15
a) S=F%

NE

b) %he‘#o% <z< %he“o
Aufgabe 7-16
fo > 22~ 0.17

Aufgabe 7-17
a) M = 0.4F(1 — %3)
b) M = 0.4F(1 — ¢=037)

Aufgabe 7-18

a) G1 > Gy(sina — pig cos a)e 303 +a)
b) G1 < Ga(sina — pig cos a)e3”()(%+04)

Aufgabe 7-19
F=(1+ %)Geuow



