TOPIC 		[image: ]
[bookmark: _Hlk81998285][image: ]STEM Statics Advanced – Secondary level		[image: ]
Name: __________	Class: ___	Date: ________
Solution sheet model 6
Beam bridge

Topic task
In simple terms, this is what the bridge looks like in two dimensions:
[image: Ein Bild, das Text, Shoji, Kreuzworträtsel enthält.

Automatisch generierte Beschreibung]
On the left-hand side there is a pendulum support, which represents a single-valued bearing for the bridge body. This bearing can only absorb compressive or tensile forces at a right angle to the bearing. Such bearings are also known as plain or floating bearings, since they can move horizontally.
On the right-hand side is a fixed bearing, in other words a support which can absorb both horizontal and vertical forces. 
Both bearings are equipped with a joint, which means no rotation can be transferred to the bridge.
The term external statical determinacy is used when a component is supported in such a way that all possible movements can be cushioned. On the two-dimensional plane, this means movement in horizontal and vertical direction and rotation. If not all the directions of movement are compensated by the bearing forces, the component can move, it is statically underdetermined. If a component is supported in a statically determinate manner and another bearing is added, this is referred to as static overdeterminacy: It can be caused by internal stresses although no further loads are acting on the component. This is why we always try to avoid it – as far as possible.
Experimental task
Example for attaching the spring balance
[image: Ein Bild, das fischertechnik, Spielzeug enthält.

Automatisch generierte Beschreibung]
In our example, only vertical forces act on the bridge:
	Distance sn
	Bearing force Fn*
	Weight force FL

	s1 = 75 mm
	0.75 N
	3 N

	s2 = 150 mm
	1.5 N
	3 N

	s3 = 300 mm
	3 N
	3 N

	s1 = 75 mm
	1 N
	4 N

	s2 = 150 mm
	2 N
	4 N

	s3 = 300 mm
	4 N
	4 N

	s1 = 75 mm
	1.25 N
	5 N

	s2 = 150 mm
	2.5 N
	5 N

	s3 = 300 mm
	5 N
	5 N


* Fn after half the weight force of the bridge has been subtracted (130 gr / 2 = 65 gr ~ 0.65 N)
You can also determine this mathematically by looking at the moment equilibrium around the right-hand bearing. The bridge does not move, this means the sum of all moments around this bearing must be “0”.
Please note that we have to subtract half the weight of the bridge from the measured value for these values. In reality, the weight force of a bridge is much greater in relation to the moving or wind loads that act on the structure.

Internal statical determinacy
The determination of statical determinacy can also be interesting inside a structure, particularly in the case of trusses. Due to the construction, no or only minimal stresses should occur here, so static determinacy would be desirable in this case. In other words, exactly the right number of beams and posts to absorb the forces that occur, and at least enough to prevent the system being “mobile”.

Through truss or deck truss?
To increase the stability of the bridge, a through truss or a deck truss can be added. This addition greatly reduces bending. The further the through truss or the deck truss is away from the deck, the greater the effect.
In the case of a deck truss, tensile forces act on the girders, in a through truss it is compressive forces that counteract bending.
[image: ]

3.	Whether a through truss or a deck truss is used for a structure is not decided by the structural engineer, but rather by the architect: what is the purpose of the bridge? In the case of a bridge over a river, the passage height is an important criterion. The clearance under the bridge may not be so relevant when a railway bridge crosses a valley, but the view for the rail passengers is decisive for the design of the bridge.
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