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Bridge Building lab report
Objectives 
The primary objective of this lab was to design a bridge using k'nex parts and to test its functionality. The viability of any bridge is informed by its ability to handle tensional as well as compressional forces upon loading. Also for this lab, consideration is to be put on the bridge's capacity to allow for the smooth and uninterrupted passage of loaded vehicle models over it. The main purpose of this lab project is to plan, analyze and build a team a truss bridge constructed out of k'nex parts with the aim of acquiring a high-performance index which is determined by; the overall weight of the bridge, and the success and stability of the project. Also, the project is aimed at establishing the predictability of the maximum forces that three members of the bridge handle.  The bridge will necessarily be subjected to testing by allowing a small loaded trailer to drive across the bridge and will tabulate the maximum special forces that the selected members are subjected to during this exercise.  
Background information: fundamental design ideas
In bridge construction, several different types of bridges can be constructed depending on several various factors. Chief among the factors to consider during bridge construction is the stability of the bridge. This is because, in the event of failure, accidents that may occur may prove to be fatal. This refers to the ability of the bridge to handle loads without any deformation or failure. The stability of a bridge is determined by three main factors that interact together. The interaction of these factors determines the stability of the bridge. These factors are; the load that the bridge carries at any given instance, the forces acting on the bridge and the materials from which the bridge is constructed.
The different types of bridges that can be constructed include; suspension bridges, truss bridges, arch bridges or beam bridges. These bridges all differ regarding the mechanisms installed for weight support and loading. Suspension bridges utilize the use of cables for load distribution whereas beam bridges use horizontal beams for support. This lab report concentrates on truss bridges which employ the use of triangular structures as a means of weight distribution.
Tools, apparatus, and dimensions
Parts list
16 yellow rods
6 long red rods
59 short blue rods
51 short green rods
9 short white rods
Connectors
17 blue hexagonal connectors
21 yellow
20 orange
4 blue
29 red 90 degrees
7 grey
1 black
Dimensions and measurements
16 inches gap between the tables to be bridged
4 fifty gram weights
Trailer of approximately 90 grams
Tractor of about 290 grams
Trailer; 30”*3.5”
Tractor; 31”*5.5”
Procedure:        
1. Utilizing only the apparatus provided, settle on an appropriate bridge design.
2.  Construct the selected bridge design carefully.
3. Upon the completion of construction, position the long blue strip along the bridge’s length to act as a road.
4. The initial testing of the bridge should be aimed at establishing the symmetry and balance.
5. The second testing of the bridge is to ascertain its stability by moving the vehicle models over it.
6. Depending on the test outcome, discuss the bridges performance citing the possible sources of errors in the event of failure.
7. Discuss the distribution of forces upon loading of your bridge and suggest ways of optimizing the same.
8. Come up with possible ways of countering any problems that are encountered during the construction of the bridge or upon its completion.  
Results
Upon testing the bridge by allowing the loaded truck over it, the bridge allowed smooth passage of the trailer for some distance before its rear wheels got stuck between some of the strut members. One of the objectives of the experiment was to determine the forces acting on three of the bridge members comparing them to the projected values. The results were tabulated as follows;

	Member number
	Expected value (lb. * 10^-4)
	Expected value (N * 10^-4)

	#1
	-0.37662
	-1.6305

	#4
	0.1956
	0.6200

	#6
	0.1956
	0.6200



The mass of the loaded trailer was 140 grams. This mass translates to a weight of 1.4 N and would apply a tensional force at the lower horizontal members and compressional force on the upper and any additional diagonal members. As is clear from the above-tabulated results, member #1 is in compression whereas members #4 and #6 are in tension.
Analysis
When analyzing a truss, the main issue to be put into consideration is the load path. This aids in the identification of weight distribution as well as the forces acting on different members constituting the truss. The main objective during bridge construction is usually to get the load to the bottom of the truss for the subsequent transference of the load to the ground or surface upon which the truss rests. Loading of the truss arises as a result of both live and dead weights upon or of the truss. Live weights refer to any external loads that are applied to the truss whereas dead weight refers to the overall weight of the truss itself.
For the purpose of this analysis, our live weight will be the weight of the loaded trailer or tractor passing over our model bridge. In this report, the dead weight of our bridge is neglected during calculations. There are several different ways in which our live weight can be applied to our bridge. One may opt to consider it as a distributed load on the whole bridge or as a point load 
Acting on the bottom horizontal members of the bridge. It may also be taken as a point load acting on members connecting the two horizontal beams of the bridge. 
Sources of errors
Upon comparing the projected results to the ones achieved, it was discovered that there was the disparity in the figures though the variance of the figures was not by a wide margin. One possible source of error may have been that the joints linking different members together were not tight, allowing for uneven load distribution among members of the bridge.
Also, due to loose joints, motion at the connector upon loading may have produced a moment at this point. This way, rather than have only compressive axial force as per the projection, this moment at the joint, however small may have caused a redistribution of forces all throughout the bridge, leading to a variation between the projected and the actual values achieved. Accurate projections may have been realized if the use of more permanent and therefore more rigid connectors had been employed.
Recommendations
It is of vital importance to understand the how each member works. A close analysis of the bridge members revealed that they were subjected to maximum loading when the trailer was at its mid-point. This is at around the point where the failure of our bridge occurred. The most likely cause of the failure of the bridge was due to shifting of some of its members when the loading was at its peak (when the vehicle was at its mid-point.) To remedy this, it is recommended to add another member diagonally so as to bind solid the whole structure to avoid motion when loaded. 
Conclusion
The construction and testing of the bridge has provided a lot of insights on appropriate approaches that can be adopted in bridge construction. The failure of the trailer to move over from one table to the other over the bridge was as a result of poor spacing of the members constituting the bridge. As a result of wide spacing or motion of some of the members, the rear wheels of the trailer got stuck inhibiting the trailer’s movement across.
From this project, it is clear that proper workmanship is vital in the setting up of a bridge. Perfect fitting of joints between a certain number of members must be ensured to ascertain the strength and stability of the bridge. This is so because, without the proper fitting in the joints, load distribution becomes uneven therefore compromising the performance of the bridge as some members may be strained too much while others bear no load. In a nutshell, this has been a very informative session as it offers a clear demonstration to understand the efficiency as well as the performance of structures. 
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