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Group F1: Mizan Ali & Martyn Bates

Design Brief

The objective of this project is to design and make a scale model of a bridge that can be used in an undeveloped country for the purpose of transporting packed animals across rivers or chasms. The bridge would have to span a gap of at least 12 metres and would have to be suitable for its location. This entails that the bridge must be made from materials that are readily available and easily transportable to the desired location, basically all resources are limited. The real bridge must also be 3 metres wide and it has to be a self supporting structure as the bridge must be suitable for locations where a central support to the ground may not be a feasible feature of the bridge.
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Design Specification

The bridge that is to be made as a scale model is to be designed as a 1:20 model so it must span a gap that is 60 centimetres wide. It is to be made of balsa wood, the supplied wood will be Long grain balsa wood. The bridge will be a pin jointed structure and balsa cement will also be supplied for the project. The model will have to be 15 centimetres wide and only the frame of the bridge is required to be designed and made. To test the design the model will be constructed and loaded with a force of 30N. This load will be distributed evenly across three points at evenly spaced joints on the structures, one in the middle of the bridge and two others 15 centimetres in from each sill. Once the load has been applied to the bridge the structure should fail, the bridge must not be over designed. The success of the bridge depends upon a performance factor F, where:
F = [framework weight ÷ total rated load] X [load at time of failure]

Developing Proposals

From preliminary research it has been decided that the structure of the bridge should be made from trusses that form a triangular framework. From investigating current designs it was thought that this form of structure is the most appropriate for the framework of a bridge of this specification. Given that the model bridge must be made from balsa wood and the actual bridge must suitable for several different locations an arch or suspension bridge would not be at all practical. Also a bridge that is made up from a series of trusses would be more appropriate the structure is to be pin jointed and this method of bridge design requires fewer materials and is easier to construct than alternative bridge designs. The structure will be constructed from 2 frames that make up the sides of the bridge, where members that support the deck will be used to join the two frames. This method of solving the given problem is the group’s most promising solution to the problem it will provide an effective solution and can work within the constraints of the design specification. The design will be cheap to manufacture and to put up as well as being easy to apply to various locations providing a suitable method of assembly is devised whereby the constituent parts can be altered to overcome the various physical obstacles.
Structures that use beams to make a load bearing frame to form a bridges usually use arches or triangles. It was felt that making arches out of beams for this exercise would be a waste of materials, therefore it is likely that the final solution will use Pratt, Howe or Warren trusses to make the frame of the bridge. These trusses provide the most practical solution to the problem as they can be manipulated in a way so that the bridge will carry the required mass and no more. Also they will enable the structure to be flexible in its application and appropriate for its location so it will not require as many resources as other bridges.
Assuming that the bridge will be made from two identical frames that will for the sides of the bridge the problem can be simplified as follows.
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Possible Solutions
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All of the considered possible solutions to the problem were worked through, as were other designs that were just variations of the trusses shown above.
There are two types of pin-joints that can be used in the design of the bridge. In the first the two members to be joined should be drilled to take a cylindrical pin long enough to protrude at each end (figure 2).  The pin will be retained in position by a either a split pin at each end or the end of the pin could be threaded to take retaining nuts.  The only thing retaining the members in this joint is a pin a little smaller then the hole.  Therefore there is little or no resistance to motion of the members.  The only resistance to motion will be friction.  

Drilling holes in the members for the pins reduce the cross-sectional area of the member, the presence of these holes causes stress concentrations which further increases the risk of failure.  One way around this is to enlarge the ends with the pin holes (Figure 3).

A reinforcing plate can be used to connect the members which meet at a point.  Each member is connected to the plate by two rivets, which will clamp the components together. Nuts and bolts can also be used.  This joint is better then the simple pin joint as it provides much more resistance to relative motion of the pin joints.  Therefore this joint will be used in the final design. 
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(Figure 2)
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(Figure 3)
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Proposed Design

Having worked through several possible solutions it was decided that the Warren Truss structure offered the most feasible solution. Although it requires a little more material than the initial Howe and Pratt trusses these did not appear to have enough strength for the desired task. In order to make them more practical they would probably require more resources than the Warren Truss structure.
This Warren Truss structure provides a suitable solution to the problem. Preliminary calculations have shown that such a frame will be able to withstand the necessary force before failure. The diagram is just the basic idea of what is to be made, it lacks the necessary assembly details to be considered a final design proposal. This bridge is just a basic concept that needs to me modelled mathematically and improved before it can be made into a feasible solution.
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Calculations
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7.5 ÷ 4 = FAB ÷ 3 = FAH ÷ 5

FAB = 5.625N

FAI = 9.375N
B
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↑
5 = 4/5(FBI) + 4/5(FBH)

FBH = 3.125N
→
FBA + 3/5(FBI) = FBC + 3/5(FBH)


FBC = 11.25N

C
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FCB =FCD
FCG =FCH
↑
5 = 4/5(FCH) + 4/5(FCG)


5 = 8/5(FCH)


FCH = 3.125N

→
FCB + 3/5(FCH) – FCD – 3/5 (FCG) = 0


FCD =11.25N


FCG = 3.125N
D
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FDG =FBH
FDC =FBC

FDE =FAB
↑
5 = 4/5(FDG) + 4/5 (FDF)
→
FDC + 3/5(FDG) = FDE +3/5(FDF)
E
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7.5 ÷ 4 = FED ÷ 3 = FEF ÷ 5

FED = 5.625N = FAB
FEH = 9.375N = FEH
F
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FFD = 9.375N
FFG = 2(3/5)(FFD) = 11.25N
G
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FGH = FHG = 11.25N
FHI = FGF = 11.25N
H
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FGH = FHG = 11.25N
FHI = FGF = 11.25N
I
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FIH = FFD = 9.375N

FIB = FFG = 2(3/5)(FFD) = 11.25N
From these calculations it has been determined that the maximum load on any member in the structure will be 11.25N. All members in the frame are of equal length (0.155m) and so using Euler’s buckling formula the cross sectional area f each beam can be determined.

P = P1 π2 [EI÷L2]

Where P1 = 1, E = 3100 MNm-2, L = 0.155m

Using I = BD3 ÷ 12, where B = 3.2mm = D
P = 11.13N

To increase P to the necessary 11.25N it may be necessary to used wider pieces of Balsa wood and cut them down to just a fraction wider than the smaller (supplied) pieces of wood. Alternatively the joints can be designed in a way so that the length of each strut is slightly less than 15.5 centimetres. The reason the bridge spans 62cm rather than 60cm is to ensure that the bridge rests on both sides of the chasm.
Constituent parts & Final Design
There are very few components to this design. All of the struts are to be made from Long grain Balsa Wood, there are 3 types of strut required for the manufacture of this model and 39 members to the entire frame, each member will be cut from the supplied wood. To ensure that all the necessary parts are identical jigs can be made. The other parts that will have to be manufactured are the joint housings. The computer model below shows how pieces of balsa wood will be cut and shaped around the joints of the members so that the members can be pinned and glued together.
	Part
	Part
	Dimensions (mm)
	Material
	Quantity
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	Joint
	18 x 18 x 1.6
	Balsa Wood
	10
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	Connecting Beam
	143 x 3.2 x 3.2
	Balsa Wood
	9
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	Joint
	18 x 18 x 1.6
	Balsa Wood
	4
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	Joint
	18 x 18 x 1.6
	Balsa Wood
	4
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	Truss
	155 x 3.2 x 3.2
	Balsa Wood
	4
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	Horizontal member
	155 x 3.2 x 3.2
	Balsa Wood
	10
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	Joint
	18 x 18 x 1.6
	Balsa Wood
	4
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	Joint
	18 x 18 x 1.6
	Balsa Wood
	10
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	Diagonal Member
	155 x 3.2 x 3.2
	Balsa Wood
	16
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Above is a look at one of joints in the middle of the frame, it will enable the frame to be glued together and pinned if necessary.
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Construction

Constructing the model should be very straightforward once the various components have been made. Working on a flat surface the structure shall be built upwards. The various members will be glued together and then the various joint supports will be glued onto the beams in the correct places. Once the structure has set then if it is necessary the structure will be pinned together through the joints.
Basically the bridge will be assembled starting on a surface as a series of triangles and a large rectangle. These will be stuck together and then to each other, once all the various shapes have been glued together and assembled in the order shown in the diagrams below the bridge is ready to be pinned together and tested.
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