
Lösungen für  Aufgaben zur Technischen Mechanik – Statik -   
 
Lösung 2.1.8 

 
 
 
 
 

 
 

 
 
Lösung 2.2.3 
 

 
 
 
 
 
 
Lösung 2.2.7 
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↑ : FS1sinα1 + FS2sinα2 - mg = 0         FS1(sinα1 + tanα2 cosα1) = mg 
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Ergebnis:    FS1 = 277N,   FS2 = 297N 
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FRx = Σ Fix = F1cos60° + F2cos60° - F3cos60° + F4cos60° 
      = 2Fcos60° = F 
 
FRy = Σ Fiy = F1sin60° - F2sin60° - F3sin60° - F4sin60° 
      = -2Fsin60° =−F 3  
 

←    : F + FS1 cos 60° - FS3 cos 45° = 0 
 
 ↑     : - FS2 - FS1 sin 60° - FS3 sin 45° - FG = 0 
 
 ↶0 : 2FS1a sin60° - FS1a cos60° + FG a = 0 
 

Ergebnisse:       FS1 = - 812 N....Druckstab 
                          FS2 = - 891 N....Druckstab 
                          FS3 =   840 N....Zugstab 



 
Lösung 3.1.2 
 

 
 
 
 
 

 
Ergebnis:               
 
 
 
 
 
 
 
 
 
Lösung 3.1.12 
 

 

 
Ergebnis:  FB = 3,82F;   FAH = - 1,09F;   FAV = 2,7F 
 
 
 
Lösung 3.2.3 
 

Teil I: 
→ :    FAH - FGH = 0 
 
↑  :     FAV - FGV - F1 - 5qa = 0 
 
A  :   MA - F1 . 3a - 5qa . 2,5a  - FGV

 . 5a = 0 
 
Teil II: 
 → :     FGH = 0 

 
                                                                   ↑  :     FB + FGV - F2= 0 
 
                                                                   G  :     -F2 . 3a + FB . 5a = 0 
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 →     :  FAH - F cosα = 0 
 
 ↑      : -FAV - F sinα + FC = 0 
 
↶A  :  -F sinα . 3a + FC

 . 2a = 0 
 
 

→     :  FAH + 3F - FB sin30° = 0 
 
↑       :  FAV + FB cos30° - 2F - 4F = 0 
 
↶A  :  FB cos30° . 4a + FBsin30° . 2a - 2F . a - 3F . a - 4F . 3a = 0 
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Lösung 3.2.9 
 

    →   :  - FAH + FGHl = 0 
    ↑    :     FAV - FGVl = 0 
     A   :   -FGVl a + MA = 0 
 
    →   :  - FGHl + FGHr = 0 
    ↑    :   -FGVr + FGVl - F1 = 0 
 
    →   :    -FGHr + F2 = 0 
    ↑    :     FB + FGVr  = 0 
     G   :    F2 c + FB a = 0 
 

Ergebnis:           
 
 
 
 
 
 
 
Lösung 3.2.22 

Symmetrie: 
FAH = 0;    FAV = FB = 1,5F = 30kN 
 
 
 
 
 

Zur Geometrie:  
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→:  FS1cosα + FS2cosβ  = 0        
 
↑  : FAV + FS1sinα + FS2sinβ = 0    FS1= -91,4kN    FS2 = 78,8kN 
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        :  -FS1 + FS4 - Fsinα = 0 
 
        :  -FS3 - Fcosα = 0        FS3 = -16,6kN   FS4 = -80,4kN 
 
 

 
→:  FS6 -FS3sinα + FS5 cosγ - FS2cosβ  = 0        
 
↑  : FS5sinγ + FS3cosα - FS2sinβ = 0    FS5 = 43,9kN   FS6 = 40kN 
 
 

 
 
 
Lösung 3.2.25 
 

→:  F - FAH = 0                         FAH = F  
 
↑  : FB - F + FAV = 0                 FAV = 0,25F 
 
A : -F . a - F . 2a + FB . 4a = 0   FB  = 0,75 F 
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Lösung 3.3.2 
 

→ : - FBH + F2 cos60° + F3 cos60° = 0 
↑   :  FA + F2 sin60° - F1 - F3 sin60° + FBV = 0 
A : - F1

. a + F2 sin60° . 2a - F3 sin60° . 4a + FBV . 3a = 0 
 
Ergebnis:  FA = 756 N;   FBH = 1000 N;   FBV = 1244 N 

 
               0 1≤ ≤z a  
               → : FL(z1) = 0;     ↑   : FQ(z1) = FA = 756 N 
 
                S1 :  M(z1) = FA z1;  

                                                      z1 = 0:  M(0) = 0  z1 = a:  M(a) = 756 Nm 
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                                             0 2≤ ≤z a  

       → : FL(z2) = 0;     ↑   : FQ(z2) = FA - F1 = -1244 N 
 
        S2 :  M(z2) = FA (a + z2) - F1 z2;   
                z2 = 0:  M2(0) = 756 Nm     z2 = a:  M2(a) = -488 Nm 
 

 
                                                0 3≤ ≤z a  

         → : FL(z3) = - FBH + F3 cos 60° = - 500 N;      
         ↑  : FQ(z3) = - FBV + F3 sin 60° = -378 N; 
 
         S3 :  M(z3) = FBV (a - z3) - F3 sin 60° . (2a-z3);   
                 z3 = 0:  M3(0) = - 488 Nm     z3 = a:  M3(a) = -866 Nm 

 
                                              0 4≤ ≤z a  

         → : FL(z4) =  F3 cos 60° =  500 N;      
         ↑  : FQ(z4) =  F3 sin 60° =  866 N; 
 
         S4 :  M(z4) = - F3 sin 60° . (a-z4);   
                 z4 = 0:  M4(0) = - 866 Nm     z4 = a:  M4(a) = 0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
     M Nmmax = 866  
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Lösung 3.3.6 
 

    A:  M Fc ql ql c l
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 B:  M Fc qlcB = =  
 

MB ist positiv für beliebige c, bei c l
≥

2
 ist MB > MA,  ⏐MA⏐=⏐MB⏐ist nur für 

negatives MA möglich. 
 

- MA = MB oder − −⎛
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⎞
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Lösung 3.3.7 
 

 
→ :   FAH = 0 
↑   : - 4qa + FAV + FB = 0 
 A  :  -4qa . a + FB . 3a = 0 
 

Ergebnis:  ;3,13
3
4;7,26

3
8;0 kNqaFkNqaFF BAVAH =====  

 
           0 1≤ ≤z a  
           → : FL(z1) = 0      
          ↑   : FQ(z1) = - qz1 
                 z1 = 0:  FQ(0) = 0   z1 = a:    FQ(a) = -qa = -10kN 

            S1 :  M(z1) = - 1
2 1

2qz ;  

                                                z1 = 0:  M(0) = 0  z1 = a:  M(a) = - 0,5 qa2 = - 5kNm 
 

         0 32≤ ≤z a  
         → : FL(z2) = 0 
         ↑  : FQ(z2) =  - FB + q(3a - z2) 

                z2 =   0:  FQ(0) = 5
3

qa = 16,7kN;    

                                                   z2 = 3a:  FQ(a) = − 4
3

qa = - 13,3kN 

 

                                                  S2 :  M(z2) =  FB . (3a-z2) - ( )1
2

3 2
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                               z2 = 0:  M2(0) = − 1
2

2qa = -5kNm        z2 = 3a:  M2(3a) = 0 

 
Besondere Werte: 

- Querkraft-Nullstelle:       mazzFz Q 66,1
3
50)(: 222 ===  

- Extremwert für M:           ( )M z qa kNm2
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Lösung 3.3.13 
 
 

 
 
       → :  FAH + F = 0 
       ↑   :  FAV - qa = 0 
         A :  MA - F . a - qa . 0,5a = 0 
 
     Ergebnis:  FAV = qa;   FAH = -qa;   MA = 1,5qa2 
 
 

 
           0 1≤ ≤z a  
         ← : FL(z1) = 0 
          ↑ : FQ(z1) = -qz1       FQ(0) = 0      FQ(a) = -qa 
         S1 :  M(z1) = - 0,5q z1

2 
                                              z1 = 0:  M(0) = 0       z1 = a:  M(a) = - 0,5qa2 
 

 
               0 2≤ ≤z a  
         ← : FQ(z2) = 0 
          ↓ : FL(z2)= - qa 
         S2 :  M(z2) = - 0,5qa2 
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               0 3≤ ≤z a  
         ← : FQ(z3) =- F = -qa 
          ↓ : FL(z2)= - qa 
         S2 :  M(z2) = - 0,5qa2 - Fz3 
               z3 = 0:  M(0) =  - 0,5qa2       z3 = a:  M(a) = - 1,5qa2 
 
 
 

 
 

 
 
 
 
 
 
⏐ Mmax ⏐ = 1,5 qa2 
 

 
 
Lösung 3.3.23 

Aus Symmetriegründen im Teil I folgt F F qaA GV= =
1
2

 

0 ≤ z ≤ l 
 
 
 ↑  : FQ(z) = FA -qz 

 S :  M(z) = FA . z - 1
2

2qz                      

 M(0,5a) = 0,125qa2;      M(a) = 0    M(l) = - 0,5ql(l-a) 
 
⏐Mmax⏐I = ⏐Mmax⏐II 
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Lösung 4.1.3 
 

        x:  -FS2 sin45° + FS1 sin45° = 0      FS1 = FS2 
 
        y:   -FS2 cos45° - FS1 cos45° - FS3 sin45° = 0   
 
         z: -F - FS3 cos45° = 0 
 

Ergebnis: F F F N F F NS S S1 2 3
2
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Lösung 4.2.5 
Aus Symmetriegründen folgt:     FS4 = FS5   und       FS2 = FS3 
 

 
Knoten I: 
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Knoten II: 

      
: ,

: ,

− + = = = =

↓ + = = = − = −

F F F F F F

F F F F F F

S S S S

S S S S S

6 1 1 6

1 2 2 3 1

1
2

0 2 2 2 2 8

2
2

2 2
2

0 1
2

1 4
       

 
 
 
Lösung 4.3.1 
 

Nach dem Erstarrungsprinzip gilt: 

           Fu1 . r01 - Fu2 . r02 = 0   oder F F r
ru u2 1

01

02

= ⋅  

Fu1 =   4500N     Fa1 = 1640N    Fr1 = 1740N 
Fu2 = 10800N     Fa2 = 3930N    Fr2 = 4180N 
 

 
Lagerreaktionen: 
     FAx - Fr1 - Fu2 + FBx = 0                 A:    -Fu1l1 - Fr2(l1 + l2) + Fa2r02 + FBy(l1 + l2 + l3) = 0 
↑:  FAy - Fr2 - Fu1 + FBy = 0                 A:   -Fr1l1 - Fu2(l1 + l2) - Fa1r01 + FBx(l1 + l2 + l3) = 0 
→: FAz + Fa1 - Fa2 = 0 
 
 
Ergebnis:  FAx = 3660N      FAy = 5580N     FAz = 2290N 
                FBx = 8880N       FBy = 3100N 
 
 
0 ≤ z1 ≤ l1 
 

FL1 = - FAz = - 2290N 
FQx1 = - FAx = -3360N 
FQy1 =  FAy  =   5580N 
Mx1 = FAy . z1         Mx1(0) = 0   Mx1(l1) =  307Nm 
My1 = - FAx . z1       My1(0) = 0   My1(l1) = -201Nm 
Mz1 = 0 
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0 ≤ z2 ≤ l2 
 
FL2 = - FAz - Fa1 = - 3930N 
FQx2 = - FAx + Fr1= -1920N 
FQy2 =  FAy - Fu1 =   1080N 
Mx2 = FAy . (l1 + z2) -Fu1 . z2         
Mx2(0) = 307Nm   Mx2(l2) =  383Nm 
My2 = - FAx . (l1 + z2) + Fr1 . z2 - Fa1 . r01       
My2(0) = -398Nm   My2(l2) = -533Nm 
Mz2 = -Fu1 . r01 = -540Nm 

 
 
0 ≤ z3 ≤ l3 
 

FL3 = 0 
FQx3 =   FBx  =  8880N 
FQy3 = - FBy  = -3100N 
Mx3 = FBy . (l3 - z3)         Mx3(0) = 186Nm   Mx3(l3) =  0 
My3 = - FBx . (l3 - z3)       My3(0) = -533Nm   My3(l3) = 0 
Mz3 = 0 
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Lösung 5.4 
 

 
 
 
 
 
 
 
 

 
  [ ] [ ] [ ] [ ] [ ]i A mm x mm y mm x A mm y A mmi Si Si Si i Si i

2 3 3  
 
  1           600                      10                    15                      6000                       9000 
 
  2           900                      50                      7,5                 45000                       6750 
 
  3        1100                       90                    27,5                 99000                     30250 
 
Σ          2600                                                                     150000                     46000 
 

Damit  x mm mm y mm mmSF SF= = = =
150000

2600
57 5 46000

2600
17 7, ; , ;  

 
Lösung 6.2 
 

[ ] [ ] [ ] [ ] [ ] [ ]i A h y h y A h I h I h y A hi Si Si i xxi yyi Si i
2 3 4 4 2 4  

 
 
  1      40         0,5            20               83,33       213,33            10 
 
  2     -24         0                 0             -32            -72                   0 

 
   
                                     Σ       16                           20               51,33       141,33            10 
 

y h h I I h IS xx xx yy= = = = − ⋅⎛
⎝⎜

⎞
⎠⎟ = =

20
16

1 25 61 33h 61 33 25
16

16 36 33h 141 33h4 4 4 4, ; , ; , , ; ,  

Ixy = 0;   I1 = Iyy;   I2 = Ixx 
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Lösung  6.6 

[ ] [ ] [ ] [ ] [ ]i A a x a y a x A a y A ai Si Si Si i Si i
2 3 3

1        15           -1,5           2,5             -22,5              37,5              

 2        7,5          1              1,667            7,5 12,5 

Σ       22,5 -15 50 

x a a y a aS S= − = − = =
2
3

0 667 20
9

2 222, ; , ;

Fortsetzung der Tabelle: 

[ ] [ ] [ ] [ ] [ ] [ ]I a I a I a y A a x A a x y A axxi yyi xyi Si i Si i Si Si i
4 4 4 2 4 2 4 4

    31,25            11,25            0 93,75             33,75 -56,25

    10,42              3,75         3,125            20,84 7,5 12,5  

    41,67             15             3,125           114,59            41,25 -43,75

Ixx  = (41,67 + 114,59)a4 = 156,26a4;    Iyy = (15 + 41,25)a4 = 56,25a4  
Ixy = (3,125 + 43,75) = 46,875a4 

I I y Axx xx S= − =2 (156,26 - 111,09)a4 = 45,17a4    
I I x Ayy yy S= − =2 (56,25 - 10)a4 = 46,25a4  

I I x y Axy xy S S= + = (46,875 - 33,317)a4 = 13,56a4 

Hauptträgheitsmomente und Hauptachsen: 

( ) ( ) ( )I a a1 2
2 2 4 445 71 0 54 13 56 45 71 13 57, ( , , , ) , ,= ± − + = ±

 I1 = 59,28a4;   I2 = 32,14a4 

°==
−

=
−

= 1,4604056,1
56,13

17,4528,59tan 01
1

01 ϕϕ
xy

xx

I
II  



Lösung 7.3 
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Lösung 7.5 
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Lösungen für  Aufgaben zur Technischen Mechanik – Festigkeitslehre -   

Lösung 2.16 
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Für die lineare Feder gilt: f F
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C=  und damit wird aus Gleichungen (3) und (4) 
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Lösung 2.22 

↓ :  FS1 + FS2 + FS3 + F = 0 ( 1 ) 

A  :  FS2 a + 2 FS3 a + F x = 0 ( 2 ) 

w F l
EAi

Si i= ( 3 ), ( 4 ), ( 5 ) 

1.)  w1 = w2 = w3 
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Lösung 4.1 
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Aufgabe 6.2 (Statik):   Ixx = 36,33h4 
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Maximalwerte für y: Unterseite  y =  e1 =  3,25h 
Oberseite   y = -e2 = -1,75h 

Spannungsverteilung an der Einspannstelle (Maximales Moment) 
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Lösung 4.8 
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Die absolut größte Spannung beträgt σmax =
3
4 0

2

Fl
bh

und tritt an der Stelle z l
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Lösung 4.18 

Größte Beanspruchung an der Einspannstelle! Max. Spannung an einem Eckpunkt des 
Querschnittes, d.h.: 
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Nur das positive Vorzeichen ist physikalisch sinnvoll. 



Reine Biegung 

Lösungswege: 









Lösungswege: 
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Lösung 5.6 
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Lösung 7.11 

Momente an der Einspannstelle: Biege- und Torsionsmoment erreichen an der Einspannstelle 
ihr Maximum. 

( )
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M F F a Nmm
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= − ⋅ = ⋅
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Gewählt:   Di = 42 mm 

Spannungsnachweis:     σ σVvorh zul
N
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N

mm
= < =154 8 1602 2,  

 
 
 
Lösung 7.13 
 
Biege- und Torsionsmomente an der Einspannstelle: 

FN = 0   
M Fa M Fa M Fax y t= = =2 3 3  

M M M Fa Fa Nmmres x y= + = + = = ⋅2 2 64 9 13 1 8028 10,  
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Lösungen für  Aufgaben zur Technischen Mechanik – Dynamik -   
 
 
 
Lösung 1.6 
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Lösung 1.7 
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Lösung 2.1 
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Lösung 3.5 
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Lösung 3.13 
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Lösung 3.20 
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Lösung 3.26 
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Zahlenwerte:   l = 9,9 cm;       v0 = 8,09 m/s 
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