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[bookmark: _Toc36718532]Introduction 
In this report I will be disusing multiple reasons and speculations to why the liberty ships failed during the 1940’s. The liberty ships were designed and manufactured in the 40’s to help America. These ships allowed America to deliver supplies and troops into Europe to help with the war effort. Due to a war time emergency the ships were built rather quickly yet ignoring the overall lifetime of the ship. Although the techniques used to create these ships were an invention in ship construction-alongside became some very serious flaws that were yet to be discovered. The liberty ships were built when America entered the war. Due to the lack of size in British shipyards they were unable to build any ships. In this case they turned to America for help. Due to the high demand there was an issue with the building methods. This being that the methods were much too slow to keep up with the request from Britain. The traditional way of building ships was for them to be riveted but this was too slow. Henry Kaiser was the candidate put in charge for building yet there was one issue. Henry has never had any experience with shipbuilding, nor has he ever had any involvement with ship design.  Is this the reason why the liberty ships failed? 
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[bookmark: _Toc36718534]Material selection 
As mentioned in the introduction Henry Kaiser oversaw the ships design and development. The material choice for these ships had to be strong to be able to cope with the harsh environment of the pacific ocean. This means he was also involved with the type of material to create the ship. In an ideal world the material chosen should be strong enough the withstand the impact from waves and other challenges from the seas. Also, the seas harsh temperatures should’ve also been considered. In some cases, temperatures can have a dramatic effect on materials due to a change in temperature. In this case the liberty ship travelled through the pacific where it is known to be very cold. This can cause materials to become very brittle.  Due to Henrys lack of ship building knowledge he didn’t consider of material deformation. A metal deformation can hog or sag. For a metal to hog it causes the outer part to strain as its moving more than its flexibility point. For a metal to sag its causes stress as the metal is bending so much it has a very likely potential to fracture. These terms come into play when the ocean is violent due to waves. The boat would have been hogging and sagging the entire journey very much. As mentioned to pacific ocean was very cold. This led to steel going through a ductile to brittle fracture phase. This means that the steel used was tough and able to take impacts but due to the temperature it dropped it toughness. 
[bookmark: _Toc36718535]Design geometry 
[image: ]Just after 12 months past of the Patrick henry, a serious issued occurred. The ship’s crew discovered thee major cracks running parallel. The ship broke clean in half resulting in a catastrophic catastrophe. A month later, a second boats crewmen noticed cracks running in the same pattern as the Patrick henry but instead of three cracks running parallel across the middle of the ship cracks were found in 4 different locations on board the ship. Another 4 ships were found by the coastguard to be cracked in half and reported once again propagated cracks along the ship body. Once the ships breaking were a regular occurrence, engineers started to notice in pattern in which cracks will begin from the middle of the ship and propagate along the body until finally the ship snaps in half. (Arshad, 2015) A massive factor was taken into consideration. The amount of hag and sag the ship were under during the travels through the seas. If the any contents on ship were not correctly balanced it will cause the ship to hog forming a motion pictured below. This can then develop issues like a very high amount on tensile stress on the top of the ship. Sagging can also occur on which the ship does the opposite as seen pictured below. This motion can cause a very high amount of stress on the hull of ship. If these two motions are constantly applied to the ship then there will be a lot of fatigue. Fatigue is what lent these liberty ships to crack into two pieces. These motions are caused due to aggressiveness of the ocean waves. During the ships life it mainly went under hogging stress.
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Another design issue was noted was the hatches on the hull of the ship were square meaning that there are four corners. Now in building anything with corners contains high amounts of stress and are very likely to break under any heavy loads or stress. It was also noted that all the cracks on the ships originated from the hatches on board the ship. For example, when metals are being tested under a constant load, the test piece will have a notch cut away from the material. If you were to look at this in a cross-sectional view the lines of force will have to navigate around the notch. At the point of the notch will be were the maximum amount of force will occur. (Aannaque, 2014)
 This is also the area that will likely to start a crack. As mentioned, the sharpness of the crack will define how concentrated the amount of stress will be. I have also mentioned the swap over from riveting to welding throughout this report. Due to the high demand, ships had to be built at a faster rate. Although welding was faster it carries some issues in terms that not all the welds were perfect and had some impurities. These impurities allowed cracks to elongate at a much quicker rate. It was also found that the steel used to manufacture the ships were too low of a grade of steel. As I have mentioned the seas in which the crew were travelling in were in very cold temperatures. These factors had a major impact on the life of the steel’s quality. It caused the steel to become very brittle. Due to the cold temperature many other ships would have a high chance of their ship’s material choice becoming very at risk of becoming brittle. (Aannaque, 2014) 
 As I have said due to the hull and many other places of the ship being welded it made ease for cracks to grow across long distances of the ship. If the ships were to have been riveted this wouldn’t of have happened. This is because when riveting, there is boarder of the panels as they’re not physically joined together meaning if one panel was thee crack that it would be that one only.  (Aannaque, 2014)
[bookmark: _Toc36718536]Manufacturing methods 
As mentioned before ship building was not Henry Kaisers profession. He had never built a boat before. He was the first engineer to decide to build and manufacture the liberty ships by means of welding. He chooses welding as it is a quicker method of building unlike riveting. This method will soon be found out to be a failure in ship building history. The first ship constructed and built ship was ready in 245 days. As the methods came by and more of a workforce was apparent, ships were being built quicker and quicker. The second boat was contrasted in 14 days. At the time people saw this as revolutionary due to the time taken to construct the boat. As the days lessened the overall quality of the ships degraded. From 14 days to 20 the ships quality was starting to degrade even more. During the time of these ships being built, the world was at war. So, seeing these ships being built in less than two weeks was a big moral boost for the people of America. It got to the point where ships are being built and sent to see in 4 days. This ship is the perfect example of rushed ship building. 
[bookmark: _Toc36718537]Environmental conditions 
As I have mentioned throughout this report the environment the liberty ships travelled through were harsh and cold conditions. These problems had big effects on not only the crew but the overall life of the ship. The conditions put a lot of strain and stress all over the body of the ship causing catastrophic. For example, some journeys the ships embarked on was taking them through seas in Russia all the way up into Alaska. The temperatures can drop to almost 0 degrees which can have very negative impacts on the ships steel quality. The temperatures went on to cause a worryingly amount of embrittlement. As well as natural environmental conditions, surroundings at the shipyard weren’t very easy nor clean. (Climatestotravel, n.d.) 
[bookmark: _Toc36718538]Workforce 
At the time of the liberty ships being built it was the beginning of world war 2. This meant that most of the men were out to fight for their country. This meant that the woman was left to carry on with their everyday life. Although, woman was called in the war effort to take over a man’s role. In this case working in a shipyard. Woman were given very basic training and knowledge on ships for them to have the ability to manufacture and work on the ships. Woman were taught the very basics of welding which may have been a very important factor to why the liberty ships may have failed. Due to the lack of proper training and capability the condition of the welds may not have been as strong as desired to be. Also, the type of welding these women were carrying out was arc welding. This is using special rods with a compound that when it encounters metal will present an arc joining two pieces of metal together. When doing this type of weld slag material develops over the top of the weld. This must be removed for a healthy weld. If the weld is continued over the top of the slag it will not create a clean and strong bond between the two metals.  (Hinrichsen, 2020)
[bookmark: _Toc36718539][bookmark: _Toc36718540]S-N cures for failure
A S-N curve is a is plotted on a graph. It shows the magnitude of an irregular stress value. This is then plotted against the number of tests that failed on the chosen material. By plotting against the S-N curve, you can have a very accurate estimation of any collected damage and or fatigue life of a material, part or object. (Company, 2018) 
For example, steel was used to construct the liberty ships meaning steel has its own S-N curve of motion. If the steel used was of a higher quality, then the yield stress of the steel would also be higher. This meaning that if the steel was under working stress then it would be able to endure many loading cycles-telling us that the material will not undergo any fatigue failure. 



Material testing 
When it comes to material testing, there are many different methods carried out. A sharpie test was carried out to witness and record the overall strength of a metal. It is done by cutting a 450 notch in a piece of test piece. It is then placed in a jig. A pendulum is then raised to its highest point whilst at the same time a measuring needle follows. The pendulum picks up its velocity and hits the test piece. The needle then displays at which point the pendulum contacted the test piece. From the figures you receive, it allows you to see how much energy the material was able to absorb before it cracked. If the angle presented after the pendulum has swung is smaller, it shows that the steel is tougher. The higher the angle to weaker the steel is. As I have said throughout this report, temperature played a big part. A test was carried out on the same material used for the liberty ship. It was found that when dipped in liquid nitrogen and then retested, the scale showed a much larger angle. This proved that the temperatures, in fact did have a massive input on the overall quality of the material. In the same test a piece of very high-quality steel was dipped in liquid nitrogen to and cooled until it reached 196 degrees centigrade. The test was run again and this time the steel became totally brittle and snapped clean in half. The needle also proved this by nearly reaching the maximum on the display. This can be video can be displayed via the video link provided. (Aannaque, 2014)
[bookmark: _Toc36718541]Fracture mechanics 
Fracture mechanics enables us to study a crack via specific means. There are two main crack mechanisms that are looked at. One of them is a ductile fracture. A ductile fracture is usually followed up by a noticeable sign of plastic deformation. This means that it will never return to its original form once the crack has occurred. The other type of crack is a brittle fracture. A brittle fracture has a very little amount of no significant plastic deformation and in most events will be very catastrophic. In terms of the liberty ships, brittle fracture occurred. (Callister)
[bookmark: _GoBack]As I have mentioned through the report, welding was used to join the parts of the ship together. The welding used was arc welding. Arc welding is using a metal rod with an applied electrical arc that melts the rod to the metal surface causing the two pieces to join. If this is not down correctly, slag can become present. Slag is a type of impurity found when arc welding. It originates from the welding rod. Some welds may contain hairlines cracks which are not very visible to the human eye. When this happens the arc, weld isn’t as strong as it should be. This was one reason to why the liberty ships failed was due to lack of strength in the welds. What causes the weakness is the separation of the grains within the structure of the material. When looking under a microscope you can notice a type of arrowhead that can tell us where the crack originated from. You can see how to serious the crack is by measuring the sharpness of the notch in which the crack started in. If the point had an even curve the crack wouldn’t have been so serious but due to the notch of the crack being such an aggressive point the crack elongated throughout the entire ship. (Callister)
Another factor to take into consideration is that the cracks on board travelled horizontally. As a crack elongates, the amount of stress along the crack increases to the point in which it caused the ship to crack in half. This can be seen pictured below. (Aannaque, 2014)
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[bookmark: _Toc36718542]Mitigation to avoid this type of failure  
Although the liberty shapes made history due to the time to manufacture a ship, it also sparked a great investigation into poor or good material choices. Skip forward to the present day where ship building is now a highly engineered craftsmanship with engineers having many years of experience-unlike Henry Kaiser. There are many ways in which the disaster of the liberty ships could have been prevented. One point being that the man behind the design had no experience in ship design. This led to the poor choice of material being selected. The poor choice of materials then went on to become very brittle due to the temperatures from the seas in which they embarked on. This shows that not enough material testing went on as the craftsmen didn’t consider of the temperatures that these ships would’ve been facing. Embrittlement played a big bark in the reasons for cracking. To combat, engineers found that by lowering the ductile to brittle temperature of the steel to a level of satisfaction, they improved the overall quality of the material. An issue with the hatches on the boat were cornered meaning that they carried high stress points, which again led onto the cracks elongating at a faster rate. To tackle this matter, they rounded off any corners on the updates ships to reduce the issue if it was to happen again. They then went on to install crack arresting devices. These varied from riveted straps along welded seems to try and stop any cracks from propagating. Not to mention that the workforce that was chosen to work on the liberty ships were all untrained woman. These women had very little to no experience with ship building. They had basic information how to how to weld and ensure that the weld they produced was to a high standard. As mentioned if welds aren’t done correctly impurities can form inside of the welds causing a very weak bond between the surfaces. This led to the welds elongating at a higher speed. 
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