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❇❡st✐♠♠❡♥ ❙✐❡ ❢ür ❞❛s ❞❛r❣❡st❡❧❧t❡ ❙②st❡♠ ❞✐❡ ❊✐♥✢✉ss❧✐♥✐❡♥ ❢ür

❛✮ ✭✶✷ P✳✮ ❞❛s ▼♦♠❡♥t Mr ✐♠ P✉♥❦t r✳ ❇r✐♥❣❡♥ ❙✐❡ ❛✉❢ ❞❡♥ ▲❛st❣✉rt ❜❡❧✐❡❜✐❣ ❦ür③❜❛r❡
❦♦♥st❛♥t❡ ❙tr❡❝❦❡♥❧❛st❡♥ ♠✐t ❡✐♥❡♠ ❲❡rt ✈♦♥ 15 kN/m s♦ ❛✉❢✱ ❞❛ss s✐❝❤ ❞❛s ♠❛①✐♠❛❧❡
♣♦s✐t✐✈❡ ▼♦♠❡♥t ✐♠ P✉♥❦t r ❡✐♥st❡❧❧t ✉♥❞ ❡r♠✐tt❡❧♥ ❙✐❡ ❞❛❢ür ❞❡♥❲❡rt ❢ür ❞❛s ▼♦♠❡♥t
Mr✳

❜✮ ✭✶✵ P✳✮ ❞✐❡ ◆♦r♠❛❧❦r❛❢t Ns ✐♠ P✉♥❦t s✳

❝✮ ✭✸ P✳✮ ❞✐❡ ❆✉✢❛❣❡r❦r❛❢t AV ❛♠ ❑♥♦t❡♥ 4✳ P♦s✐t✐♦♥✐❡r❡♥ ❙✐❡ ❞❡♥ ✐♥ ❞❡r ❆❜❜✐❧❞✉♥❣
❞❛r❣❡st❡❧❧t❡♥ ▲❛st❡♥③✉❣ ✭③✇❡✐ ❊✐♥③❡❧❧❛st❡♥ P = 5kN ♠✐t ❡✐♥❡♠ ❢❡st❡♥ ❆❜st❛♥❞ 1m✮
s♦ ❛✉❢✱ ❞❛ss s✐❝❤ ❞✐❡ ♠❛①✐♠❛❧❡ ❆✉✢❛❣❡r❦r❛❢t ❡✐♥st❡❧❧t ✉♥❞ ❡r♠✐tt❡❧♥ ❙✐❡ ❞❡♥ ❲❡rt ❞❡r
❆✉✢❛❣❡r❦r❛❢t AV ❛♠ ❑♥♦t❡♥ 4✳
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Ns ✉♥❞ AV ✮✳

❑❧❛✉s✉r ❇❛✉st❛t✐❦ ✲ ❍❡r❜st ✷✵✶✻ ✷



❘✉❤r✲❯♥✐✈❡rs✐tät ❇♦❝❤✉♠ • ❇❛✉✲ ✉♥❞ ❯♠✇❡❧t✐♥❣❡♥✐❡✉r✇✐ss❡♥s❝❤❛❢t❡♥ • ❙t❛t✐❦ ✉♥❞ ❉②♥❛♠✐❦

M
r

1

2

5

3

4

r

❑❧❛✉s✉r ❇❛✉st❛t✐❦ ✲ ❍❡r❜st ✷✵✶✻ ✸



❘✉❤r✲❯♥✐✈❡rs✐tät ❇♦❝❤✉♠ • ❇❛✉✲ ✉♥❞ ❯♠✇❡❧t✐♥❣❡♥✐❡✉r✇✐ss❡♥s❝❤❛❢t❡♥ • ❙t❛t✐❦ ✉♥❞ ❉②♥❛♠✐❦

N
s

1

2

5

3

4

s

❑❧❛✉s✉r ❇❛✉st❛t✐❦ ✲ ❍❡r❜st ✷✵✶✻ ✹



❘✉❤r✲❯♥✐✈❡rs✐tät ❇♦❝❤✉♠ • ❇❛✉✲ ✉♥❞ ❯♠✇❡❧t✐♥❣❡♥✐❡✉r✇✐ss❡♥s❝❤❛❢t❡♥ • ❙t❛t✐❦ ✉♥❞ ❉②♥❛♠✐❦

A
v

1

2

5

3

4

❑❧❛✉s✉r ❇❛✉st❛t✐❦ ✲ ❍❡r❜st ✷✵✶✻ ✺



❘✉❤r✲❯♥✐✈❡rs✐tät ❇♦❝❤✉♠ • ❇❛✉✲ ✉♥❞ ❯♠✇❡❧t✐♥❣❡♥✐❡✉r✇✐ss❡♥s❝❤❛❢t❡♥ • ❙t❛t✐❦ ✉♥❞ ❉②♥❛♠✐❦

❆✉❢❣❛❜❡ ✸ ✭ ✷✵ P✉♥❦t❡✮
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❛✮ ✭✶ P✳✮ ❇❡st✐♠♠❡♥ ❙✐❡ ❞❡♥ ●r❛❞ ❞❡r st❛t✐s❝❤❡♥ ❯♥❜❡st✐♠♠t❤❡✐t n ❞❡s ❞❛r❣❡st❡❧❧t❡♥
❙②st❡♠s✳

❜✮ ✭✶✻ P✳✮ ❊r♠✐tt❡❧♥ ❙✐❡ ❞✐❡ ❊✐♥✢✉ss❧✐♥✐❡ ❞❡r ❆✉✢❛❣❡r❦r❛❢t AH ❛♠ ❑♥♦t❡♥ 3✳ ❱❡r✇❡♥❞❡♥
❙✐❡ ❤✐❡r❢ür ❞❛s ✭n − 1✮✲❢❛❝❤ st❛t✐s❝❤ ✉♥❜❡st✐♠♠t❡ ❙②st❡♠ ✐♥ ❑♦♠❜✐♥❛t✐♦♥ ♠✐t ❞❡♠
ω✲❱❡r❢❛❤r❡♥✳
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❆✉❢❣❛❜❡ ✹ ✭ ✸✵ P✉♥❦t❡✮

2

3

4
51 7

6

8

q = 10 kN/m 
EI = 2 · 104 kNm2 P = 100 · √2  kN

Stäbe 1, 2, 3, 5, 7, 8, 9:  EA → ∞ 

Stab 4 und 6:  EA = 2· 105 kN  αT = 1,2 · 10-5 K-1 

GAQ → ∞ 

T = 30 K 

qmax = 20 kN/m 

qmax

P P45° 45°

1 m

2 m

1 m 1 m4 m 4 m

q q

T T
9

❛✮ ✭✷ P✳✮ ❇❡st✐♠♠❡♥ ❙✐❡ ❞❡♥ ●r❛❞ ❞❡r ❣❡♦♠❡tr✐s❝❤❡♥ ❯♥❜❡st✐♠♠t❤❡✐t ng ❞❡s ❣❡③❡✐❣t❡♥
❙②st❡♠s✳

❜✮ ✭✷✽ P✳✮ ❊r♠✐tt❡❧♥ ❙✐❡ ❞❡♥ ③✉❣❡❤ör✐❣❡♥ ▼♦♠❡♥t❡♥✈❡r❧❛✉❢ ♠✐t ❍✐❧❢❡ ❞❡s ❲❡❣❣röÿ❡♥✈❡r✲
❢❛❤r❡♥s ✉♥❞ st❡❧❧❡♥ ❙✐❡ ❞✐❡s❡♥ ❣r❛✜s❝❤ ❞❛r✳

❑❧❛✉s✉r ❇❛✉st❛t✐❦ ✲ ❍❡r❜st ✷✵✶✻ ✼
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❆✉❢❣❛❜❡ ✺ ✭ ✷✵ P✉♥❦t❡✮

❉❛s ❞❛r❣❡st❡❧❧t❡ st❛t✐s❝❤❡ ❙②st❡♠ ✐st ✉♥t❡r ❇❡rü❝❦s✐❝❤t✐❣✉♥❣ ❞❡r ❞❛r❣❡st❡❧❧t❡♥ ▲❛st❡✐♥❧❡✐✲
t✉♥❣ ♥❛❝❤ ❞❡♠ ❱❡r❢❛❤r❡♥ ✈♦♥ ❘✐t③ ✉♥❞ ✉♥t❡r ❱❡r✇❡♥❞✉♥❣ ❞❡s Pr✐♥③✐♣s ❞❡r ✈✐rt✉❡❧❧❡♥
❱❡rs❝❤✐❡❜✉♥❣❡♥ ③✉ ❜❡❛r❜❡✐t❡♥✳ ❱❡r✇❡♥❞❡♥ ❙✐❡ ❞❡♥ ❛♥❣❡❣❡❜❡♥❡♥ ③✇❡✐❣❧✐❡❞r✐❣❡♥ ❆♥s❛t③✳ ❆❧❧❡
●❡♦♠❡tr✐❡♣❛r❛♠❡t❡r ✉♥❞ ▼❛t❡r✐❛❧❞❛t❡♥ s✐♥❞ ❞❡r ❙②st❡♠s❦✐③③❡ ③✉ ❡♥t♥❡❤♠❡♥✳

c

nmax

2 m

x

2 m

z,w

λP

F

❙②st❡♠✲✱ ▼❛t❡r✐❛❧✲ ✉♥❞ ◗✉❡rs❝❤♥✐tts✇❡rt❡✿

❊■ = 2000 ❦◆♠2

❝ϕ = 300 ❦◆♠✴r❛❞
▲ = 4 ♠

❇❡❧❛st✉♥❣✿

P = 1500 ❦◆
❋ = 120 ❦◆
♥♠❛① = 480 ❦◆✴♠

③✇❡✐❣❧✐❡❞r✐❣❡r ❱❡rs❝❤✐❡❜✉♥❣s❛♥s❛t③✿

❤ =









x2

L
(x− 1)

x3

L
(x− 1)









❍✐♥✇❡✐s✿ ❉❡r ❊✐♥✢✉ss ❞❡r ❆①✐❛❧❞❡❤♥✉♥❣ ε(x) ❜③✇✳ ❞❡r ✈✐rt✉❡❧❧❡♥ ❆①✐❛❧❞❡❤♥✉♥❣ δε(x) ✐st
❢ür ❞❡♥ ✈❡rt✐❦❛❧❡♥ ❙t❛❜ ③✉ ✈❡r♥❛❝❤❧äss✐❣❡♥✦

✶✳ ✭✸ P✳✮ ●❡❜❡♥ ❙✐❡ ❞❛s Pr✐♥③✐♣ ❞❡r ✈✐rt✉❡❧❧❡♥ ❱❡rs❝❤✐❡❜✉♥❣❡♥ ❢ür ❞❛s ❞❛r❣❡st❡❧❧t❡ ❙②st❡♠
❛♥✳ ❉rü❝❦❡♥ ❙✐❡ ❛❧❧❡ ❙❝❤♥✐tt❣röÿ❡♥ ✉♥❞ ❱❡r③❡rr✉♥❣❡♥ ❞✉r❝❤ w(x) ❜③✇✳ ❆❜❧❡✐t✉♥❣❡♥
✈♦♥ w(x) ❛✉s✳

✷✳ ✭✹ P✳✮ Prü❢❡♥ ❙✐❡ ❞❡♥ ♦❜❡♥ ❛♥❣❡❣❡❜❡♥❡♥ ③✇❡✐❣❧✐❡❞r✐❣❡♥ ❆♥s❛t③ ❛✉❢ s❡✐♥❡ ❣❡♦♠❡tr✐s❝❤❡
❩✉❧äss✐❣❦❡✐t✳ ●❡❜❡♥ ❙✐❡ ❤✐❡r❢ür ❞✐❡ ❣❡♦♠❡tr✐s❝❤❡♥ ❘❛♥❞❜❡❞✐♥❣✉♥❣❡♥ ❛♥✳

❑❧❛✉s✉r ❇❛✉st❛t✐❦ ✲ ❍❡r❜st ✷✵✶✻ ✽
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✸✳ ✭✽ P✳✮ ❇❡r❡❝❤♥❡♥ ❙✐❡ ♠✐t ❍✐❧❢❡ ❞❡s ✈♦r❣❡❣❡❜❡♥❡♥ ❱❡rs❝❤✐❡❜✉♥❣s❛♥s❛t③❡s ❞✐❡ ✉♥❜❡❦❛♥♥✲
t❡♥ ❊✐♥trä❣❡ ❞❡r ♠❛t❡r✐❡❧❧❡♥ ❙t❡✐✜❣❦❡✐ts♠❛tr✐① Km✱ ❞❡r ❉r❡❤❢❡❞❡rst❡✐✜❣❦❡✐t Kcϕ ✉♥❞
❞❡r ❣❡♦♠❡tr✐s❝❤❡♥ ❙t❡✐✜❣❦❡✐ts♠❛tr✐① G✳ ❘❡❝❤♥❡♥ ❙✐❡ ♠✐t ❦◆ ✉♥❞ ♠✦

Km =

(

Km11 Km12

Km21 2630400

)

Kcϕ
=

(

Kcϕ11
Kcϕ12

156000 Kcϕ22

)

G =

(

G11 G12

G21 3522158

)

✹✳ ✭✷ P✳✮ ❇❡r❡❝❤♥❡♥ ❙✐❡ ❞❡♥ ▲❛st✈❡❦t♦r ❢✳

✺✳ ✭✶ P✳✮ ●❡❜❡♥ ❙✐❡ ❞❛s ③✉ ❧ös❡♥❞❡ ❤♦♠♦❣❡♥❡ ●❧❡✐❝❤✉♥❣ss②st❡♠ ❢ür ❞✐❡ ❇❡r❡❝❤♥✉♥❣ ❞❡r
❊✐❣❡♥✇❡rt❡ λ1 ✉♥❞ λ2 ❛♥✳

✻✳ ✭✶✱✺ P✳✮ ❙✐❡ ❡r❤❛❧t❡♥ ❢ür ❞✐❡ ❊✐❣❡♥✇❡rt❡ ❞✐❡ ❲❡rt❡✿

λ1 = 4, 1057

λ2 = 0, 2746

❇❡r❡❝❤♥❡♥ ❙✐❡ ❞✐❡ ✶✳ ❦r✐t✐s❝❤❡ ▲❛st✦

✼✳ ✭✵✱✺ P✳✮ ❲❛s ✇ür❞❡ ♣❛ss✐❡r❡♥✱ ✇❡♥♥ ❞✐❡ ✉♥t❡r ❆✉❢❣❛❜❡♥t❡✐❧ ✻✳ ❜❡r❡❝❤♥❡t❡ ▲❛st ❛✉❢ ❞❡♥
❙t❛❜ ✇✐r❦❡♥ ✇ür❞❡❄

❑❧❛✉s✉r ❇❛✉st❛t✐❦ ✲ ❍❡r❜st ✷✵✶✻ ✾
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❆✉❢❣❛❜❡ ✻ ✭ ✸✺ P✉♥❦t❡✮

❋ür ❞✐❡ ❞❛r❣❡st❡❧❧t❡ ❘❛❤♠❡♥❦♦♥str✉❦t✐♦♥ s♦❧❧❡♥ ❞✐❡ ✉♥❜❡❦❛♥♥t❡♥ ❱❡r❢♦r♠✉♥❣❡♥ ♠✐tt❡❧s ❲❡❣✲
❣röÿ❡♥✈❡r❢❛❤r❡♥ ❢ür ❡✐♥❡♥ ■t❡r❛t✐♦♥ss❝❤r✐tt ♥❛❝❤ ❚❤❡♦r✐❡ ✷✳ ❖r❞♥✉♥❣ ❜❡st✐♠♠t ✇❡r❞❡♥✳
❆❧❧❡ ▼❛t❡r✐❛❧♣❛r❛♠❡t❡r ✉♥❞ ●❡♦♠❡tr✐❡❞❛t❡♥ s✐♥❞ ❜❡❦❛♥♥t ✉♥❞ ❦ö♥♥❡♥ ❞❡r ❙②st❡♠s❦✐③③❡
❡♥t♥♦♠♠❡♥ ✇❡r❞❡♥✳ ❉✐❡ ◆♦r♠❛❧❦rä❢t❡ ♥❛❝❤ ❚❤❡♦r✐❡ ■✳ ❖r❞♥✉♥❣ ✇✉r❞❡♥ ❜❡r❡✐ts ✇✐❡ ❛✉❢ ❞❡r
❢♦❧❣❡♥❞❡♥ ❙❡✐t❡ ❞❛r❣❡st❡❧❧t ❜❡r❡❝❤♥❡t✳

q1

M

M

F

4 m

4 m

3 m 3 m 3 m

cF

q2

q1

q2

▼❛t❡r✐❛❧✲ ✉♥❞ ◗✉❡rs❝❤♥✐tts✇❡rt❡✿

❊■ = 21000 ❦◆♠2

❊❆ = 3, 0 · 106 ❦◆
❝❋ = 750 ❦◆✴♠

❇❡❧❛st✉♥❣✿

q
1
= 100 ❦◆✴♠

q
2
= 250 ❦◆✴♠

▼ = 70 ❦◆♠
❋ = 6000 ❦◆

❑❧❛✉s✉r ❇❛✉st❛t✐❦ ✲ ❍❡r❜st ✷✵✶✻ ✶✵
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✷✳ ✭✹ P✳✮ ❩❡✐❝❤♥❡♥ ❙✐❡ ✉♥t❡r ❇❡❛❝❤t✉♥❣ ❞❡r ❙②♠♠❡tr✐❡ ❞✐❡ ✉♥❜❡❦❛♥♥t❡♥ ❑♥♦t❡♥❢r❡✐❤❡✐ts✲
❣r❛❞❡ ❡✐♥✳

✸✳ ✭✷✶ P✳✮ ❇❡r❡❝❤♥❡♥ ❙✐❡ ❞✐❡ ③✉ ❞❡♥ ✉♥❜❡❦❛♥♥t❡♥ ❑♥♦t❡♥❢r❡✐❤❡✐ts❣r❛❞❡♥ ❦♦rr❡s♣♦♥❞✐❡r❡♥✲
❞❡ r❡❞✉③✐❡rt❡ ●❡s❛♠tst❡✐✜❣❦❡✐ts♠❛tr✐① ❞❡s ❙②st❡♠s Kred✳

✹✳ ✭✺ P✳✮ ❇❡st✐♠♠❡♥ ❙✐❡ ❞❡♥ r❡❞✉③✐❡rt❡♥ ❙②st❡♠❧❛st✈❡❦t♦r fred✳

✺✳ ✭✹ P✳✮ ❇❡r❡❝❤♥❡♥ ❙✐❡ ❞✐❡ ✉♥❜❡❦❛♥♥t❡♥ ❑♥♦t❡♥❢r❡✐❤❡✐ts❣r❛❞❡ ❞❡s ❚r❛❣✇❡r❦s ✉♥❞ ✈❡r✲
❣❧❡✐❝❤❡♥ ❙✐❡ ❞✐❡ ❜❡r❡❝❤♥❡t❡♥ ❊r❣❡❜♥✐ss❡ ♠✐t ■❤r❡r ❡r✇❛rt❡t❡♥ ❱❡r❢♦r♠✉♥❣s✜❣✉r✳

- -

-183

-5117

--

-183

-5117

◆♦r♠❛❧❦rä❢t❡ ♥❛❝❤ ❚❤❡♦r✐❡ ■✳❖r❞♥✉♥❣ ❬❦◆❪
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❆✉❢❣❛❜❡ ✼ ✭ ✷✵ P✉♥❦t❡✮
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  EA→∞ 

F

2,5 m 2,5 m

2,5 m

2,5 m
1

2

3 4

5

6

q

▼❛t❡r✐❛❧✲ ✉♥❞

◗✉❡rs❝❤♥✐tts✇❡rt❡✿

❊❆1,2,3,5,6 = 62000 ❦◆
❊❆4 → ∞

❇❡❧❛st✉♥❣✿

❋ = 80 ❦◆
q = 5 ❦◆✴♠
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