EX 2

Structural Design I — HS 17 Losungsvorschlag
Dimensioning and Graphic Statics | Proposal for solution

Task 1

Cable with Multiple Loads

Draw a corresponding subsystem and a force diagram for the given case. Determine the magnitude of the reaction forces and the maximum force
in kN. Draw the direction of the reaction force in the form diagram. In both form and force diagram, find the position of the resultant and indicate

its magnitude in kN.
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Task 2 Dimensioning of a hanging bridge

Draw the force diagram for the hanging bridge and enter the force in the main cable. Calculate the rope diameter due to the stress for the mem-
ber made of steel S235. F,=F, =40 kN
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Task 3 Dimensioning of elements in tension

Given is the normal force N, = 5900kN, which is distributed on several steel cables (steel S235) as shown in sections a) and b). (Assumption: the
cables carry the full tension load, i.e. the stresses on the concrete can be neglected)

a) Calculate the minimum cable diameter D1 and D2 in steel S235 for the two cases shown in a) and b) (rounded to the next higher mm).
The material values can be found in the formula sheet.

b) What could possible advantages and disadvantages of constellations a) and b) be? Specify your favorite choice and justify it.
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N, = 5900 kN g - 5900 kN

fo = 235 N/mm? fo = 235 N/mm?

Yy = 1.05 Yy = 1.05

fo = folYy = 2238 N/mm? fo = fulvy = 223.8 N/mm?
A, = NJf, = 263617 mnv Ay = NJf, = 269617 mmv
Ay = ALl2 = 131809 mm? Ay = AL J20 = 13181 mm?
D = ~N4-Alm = 129.5 mm =130 mm D = ~N4-Alm = 41.0 mm

b) In option 1 the effort is less because of the fewer elements. Option 2 shows a better force distribution at the crosssection.

Task 4 Stress check

Find the stresses for the steelprofile S235 for the given values.

200mm

Nd - 1500 kN fEf = Nd/AEf s fcd Nd - Nallow = fcd * Aef
E L = 7810 mm? f, = 2238 Nimm? f, = 2238 Nimm?
S f, = 1921 Nimm? N, = 1747.8 kN
fef = de ok! Nd < Nallow ok!

Cross section
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Additional
Task 1

Different materials in tension and compression

To get a sense of how different materials behave in tension and compression, we compare the behavior of timber (spruce), steel (5235) and con-
crete (C20/25).

a) Refer to the formula sheet to find the characteristic values for tensile and compressive strengths, and the safety factors for each material and
introduce them into the table.

b) Consider a tensile stress of N = 12kN. Calculate for the three materials the required square crosssectional area Amq and side length a
required for N .

o Repeat b) now with a compressive load of N, = 12kN.

a)
Wood Steel Concrete
Spruce S235 C20/25
Yy 1.3 1.05 1.5
fi 14 N/mm? 235 N/mm? 1.5 N/mm?
fa 10.8 N/mm? 223.8 Ni/mm? 1 N/mm?
fo 20 N/mm? 235 N/mm? 20 N/mm?
fy 15.4 N/mm? 223.8 Nl/mm? 13.3 N/mm?
b)  Wood Steel Concrete
N, = 12000 N N, = 12000 N N, = 12000 N
fo = 10.8 N/mm? fo = 2238 N/mm? fo = 1 N/mm?
A, = NIf, = 1112 mnv A, = NJIf,= 54 mm A, = N,If, =12000mm?
0 Wood Steel Concrete
N, = 12000 N N, = 12000 N N, = 12000 N
f, = 154 Nimm? f, = 2238 Nimm’ f, = 133 Nimm?
A = N/ fy = 780 mm? A = Ny/fy = 54 mm? Ao = N/ fy = 903 mm?
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Additional Closing String

Task 2 Draw the corresponding force diagrams for three cable polygons shown in cases a) and b). Draw the closing string in both form and force diagrams.

Indicate tension forces with red and compression forces with blue.

¢) Compare the relation between the closing strings, the intersection point i and the poles in the different support systems.
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c) All of the closing strings intersect on I in the same point i. The poles are on the matching closing strings in each specific case.



