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TOPIC: 

6. Steel Plate and Section 
Learning Objectives : 

Appreciate the applicability of different types of steel sections used in ship construction.

             6.1   Name sections which are commonly used to stiffen plate panels and show,    by simple sketches, how these are welded to a plate panel to stiffen it.

             6.2   Name the section that is commonly used for pillars with high loading and give reasons why this section is preferred over other sections.


 6.3  Explain why a ship designer should incorporate as far as possible  commercially available standard sections in the ship design.

Steel

Steel is the basic shipbuilding material in use today. Steel may be regarded as an iron‑carbon alloy, usually containing other elements, the carbon content not usually exceeding about 2%. Special steels of high tensile strength are used on certain highly stressed parts of the ship's structure. 

Production

'Acid' or 'basic' are terms often used when referring to steels. The reference is to the production process and the type of furnace fining, e.g. an alkaline or basic fining is used to produce basic steel. The choice of furnace lining is dictated by the raw materials used in the manufacture of the steel. There are three particular processes currently used for the manufacture of carbon steel, namely the open-hearth process, the oxygen or basic oxygen steel process and the electric furnace process. In all these processes the hot molten metal is exposed to air or oxygen, which oxidizes the impurities to refine the pig iron into high quality steel.

In the open-hearth process a long shallow furnace is used which is fired from both ends. A high proportion of steel scrap may be used in this process. High quality steel is produced whose properties can be controlled by the addition of suitable alloying elements.

Composition and Properties

Various terms are used with reference to steel and other materials to describe their properties: 

Tensile strength 

This is the main single criterion with reference to metals. It is a measure of the material's ability to withstand the loads upon it in service. Terms such as stress, strain, ultimate tensile strength, yield stress and proof stress are all different methods of quantifying the tensile strength of the material. The two factors affecting tensile strength are the carbon content of the steel and its heat treatment following manufacture.

Ductility 

This is the ability of a material to undergo permanent changes in shape without rupture or loss of strength. It is particularly important where metals undergo forming processes during manufacture.

Hardness 

This is a measure of the workability of the material. It is used as an assessment of the machinability of the material and its resistance to abrasion.

Toughness 

This is a condition midway between brittleness and softness. It is often quantified by the value obtained in a notched bar test.

Standard Steel Sections

A variety of standard sections are produced with varying scantlings to suit their application. The stiffening of plates and sections requires one or more of these sections.
Requirements of Ship Hull Material
• Availability and cost 
The material must be readily available and relatively inexpensive, as great quantities are required in the construction of large ships.

•Uniformity 
The properties of the material must be uniform and dependable. This is possible only when the material is subjected to careful quality control during its manufacture, and when the processes used in its manufacture are controllable and repeatable. 

• Ease of fabrication

The ideal structural material must be easily and cheaply formed into different shapes (plates, rolled sections, castings, etc.), and easily cut to size and joined together to build large, sometimes complex structures. The fabrication processes should not significantly alter the properties of the material, so that its desirable properties are retained. Joints between structural members should be as strong as the materials being joined. Since the development of welding processes, especially the electric arc welding that predominates in ship fabrication today, full‑strength joints are possible and normal.

• Ease of maintenance

All materials are subject over a period of time to deterioration in service because of their exposure to liquids, gases, chemicals, radiation, or temperature changes. The choice of materials for particular engineering applications is often dictated by their resistance to oxidation, corrosion, dissolution, or thermal or radiation damage in service. A measure of a material's effectiveness for ship construction is the ease with which it can be protected against corrosion and wastage by preventive maintenance and appropriate coatings. The required frequency and expense of painting the structure is an important consideration in the choice of materials.

• Strength vs weight

The strength of a material is an essential feature of any structural material. A more important measure of a material's structural efficiency is its strength‑to‑weight ratio. A high strength-to‑weight ratio is the most desirable. The lighter metals such as aluminum, titanium, and magnesium have much higher strength‑to‑weight ratios than steel. Unfortunately, all of these materials are much more expensive than structural steel.

• Resistance to distortion under load

A structural material should take large loads without permanent distortion, while remaining elastic (deformations under load are recovered when load is removed) over a large range of loading. This is measured by the modulus of elasticity of a material. Of all of the common, readily available structural materials, steel has the highest modulus of elasticity.

Various grades of steel 

Considering all of the above requirements of a good structural material for ships, the various grades of steel that have been developed constitute the best available materials for hull construction. While some other materials are superior in one category or another, none has been found to be more cost effective while adequately meeting the varied service demands of ship structures.

These features are provided by the five grades of mild steel (A‑E) designated by the societies. A special grade mark, H, is used by the classification societies to denote higher tensile steel. To be classed, the steel for ship construction must be manufactured under approved conditions, and inspected, and prescribed tests must be carried out on selected specimens. Finished material is stamped with the society's brand. 

Advance in steel production and alloying methods have resulted in good higher strength steels for ship construction. The increased strength results from the addition of alloying elements such as vanadium, chromium and nickel 

Particular care must be taken in the choice of electrodes and welding processes for higher strength steels. Low hydrogen electrodes and proper welding processes must be used. Benefits arising from the use of these steels in ship construction include reduced structural weight, since smaller sections may be used; larger unit fabrications are possible for the same weight, and hence, less welding time.

Steel Plate and Section 

Initial preparation of material is essential for its efficiency in the completed ship structure and its marshalling on arrival is essential to the efficiency of the shipbuilding process.

On arrival at the shipyard, plates and sections are tempor​arily stored in the stockyard. As a rule the stockyard is an uncovered space having sufficient area to provide storage for enough plates and sections required for the working of the yard some months ahead. 

When the plates and sections are ordered the steel mills are provided with details of the identification code for each item so that they may be marked. On arrival in the stockyard, since the coding is generally in terms of the unit structure for which each item is intended, it is convenient to store the plates and sections in their respective ship and ship unit areas. In other words the material for each ship is allotted an area of the stockyard, this area being subdivided into plots for those items intended for a major structural fabrica​tion block of the ship.

Material delivery and storage is controlled in accordance with production engineering practices to suit the ships construction programme. As a rule the plates are now stacked horizontally in piles as required. Sections are laid horizontally in convenient batches. 

Machining

Throughout the machining shops overhead electric cranes having capacities from 5 to 15 tonnes may be provided to transport plates and sections to each machine process. A number of the methods are in use for forming plates into the required shapes.  Cutting flat plates to the required profiles has in the past decade become highly automated, very sophisticated machine tools having been introduced for this purpose. In the main, cutting is achieved by the use of an oxy‑fuel flame or plasma‑arcs. A profiling machine is employed to cut a plate into one or more, or a series of complicated shapes.

Drilling

Some plates or sections may need to have holes drilled in them, for example bolted covers and portable sections. Drilling machines generally consist of a single drilling head mounted on a radial arm, which traverses the drill bed.

Cutting

Smaller plate shapes such as beam knees and various brackets may be cut in a hydraulically operated guillotine. Plate feed to the guillotine is usually assisted by the provision of plate supporting roller castors, and positioning of the cut edge is by hand.

Pressing

Hydraulic presses may be extensively used in the shipyard for a variety of purposes. They are capable of bending, straightening, flanging, dishing, and swaging plates. All of the work is done with the plate cold. This is done at less capital cost, but the press is slower (compared to rolling) when used for bending and requires greater skill. 

Rolling

Heavy duty bending rolls used for rolling shell plates, etc., to the correct curvature are hydraulically operated. Two lower rolls are provided and are made to revolve in the same direction so that the plate is fed between them and a slightly larger diameter top roll (which runs idly). Either or both ends of the top roll may be adjusted for height, and the two lower rolls have adjustable centres.

With modern bending rolls, plates up to 45 mm thick may be handled and it is possible to roll plates to a half circle. These large rolls are also supplied with accessories to allow them to undertake heavy flanging work with the pressure exerted by the upper beam, for example, 'troughing' corrugated bulkhead sections.

Aluminium Alloys

They have particular applications in the construction of superstructures, especially on passenger ships. The increasing use of aluminium alloy has resulted from its several advantages over steel. Aluminium is about one‑third the weight of steel for an equivalent volume of material. The use of aluminium alloys in a structure can result in reductions of 60% of the weight of an equivalent steel structure. This reduction in weight, particularly in the upper regions of the structure, can improve the stability of the vessel. This follows from the lowering of the vessel's centre of gravity, resulting in an increased metacentric height. 

The corrosion resistance of aluminium is very good but careful maintenance and insulation from the adjoining steel structure are necessary. The properties required of an aluminium alloy to be used in ship construction are much the same as for steel, namely strength, resistance to corrosion, workability and weldability. These requirements are adequately met, the main disadvantage being the high cost of aluminium.

Aluminium alloys are available as plate and section. These sections are formed by ex​trusion, which is the forcing of a billet of the hot material through a suitably shaped (he. Intricate or unusual shapes to suit particular applications are therefore possible.

Where aluminium alloys join the steel structure, special arrangements must be employed to avoid galvanic corrosion where the metals meet. 

Materials Testing

Various qualities of the materials discussed so far have been mentioned. These qualities are determined by a variety of tests, which are carried out on samples of the metal:

· Tensile Test

· Bend Test

· Impact Test
Tensile Test 

It is used to determine the behaviour of a material up to its breaking point. A specially shaped specimen piece of standard size is gripped in the jaws of a testing machine. A load is gradually applied to draw the ends of the bar apart such that it a subject to a tensile stress. 

Additional loading of the specimen will produce results, which show a uniform increase of extension until the yield point is reached. Up to the yield point the removal of load would have resulted in the specimen returning to its original size. Stress and strain are therefore proportional up to the yield point.

If testing were continued beyond the yield point the specimen would 'neck, or reduce in cross‑section. The load values divided by the original specimen cross ​sectional area would give the shape. The highest value of sum is known as the ultimate tensile stress (UTS) of the material. 

The constant is known as the 'modulus of elasticity' (E) of the material and has the same units as stress. The yield sum is the value of sum at the yield point. Where a clearly defined yield point is not obtained a proof sum value is given. This is obtained by a line parallel to the elastic stress‑strain line drawn at some percentage of the strain, such as 0. 1 %. The intersection of this line with the stress ​strain line is considered the proof stress.
Bend Test 

It is used to determine the ductility of a material. A piece of material is bent over a radiused former, sometimes through 180 degrees. No cracks or surface laminations should appear in the material.

Impact Test

It can have a number of forms but the Charpy vee‑notch test is usually used. The test specimen is a 10 mm square cross‑section. 55 mm in length. A vee‑notch is cut in the centre of one face. The specimen is mounted horizontally with the notch axis vertical. The test involves the specimen being struck opposite the notch and fractured. A striker or hammer an the end of a swinging pendulum provides the blow which breaks the specimen. The energy absorbed by the material in fracturing is measured by the machine. A particular value of average impact energy must be obtained for the material at the test temperature. 

This test is particularly important for materials to be used in low temperature regions. For low temperature testing the specimen is cooled by immersion in a bath of liquid nitrogen or dry ice and acetone for about 15 minutes. The specimen is then handled and tested rapidly to minimise any temperature changes. The impact test, in effect, measures a material's resistance to fracture when shock loaded.
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Standard steel section: 

(a) flat plate (b) offset bulb plate (c) equal angle (d) unequal angle (e) channel (f) tee
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Tensile test specimen:

(a) for plates, strip and sections (a = thickness of material) (b) for hot-rolled bar
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Stress-strain graph for mild steel
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Stress-strain graph for higher tensile steel
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Properties and composition of some mild steels
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Properties and composition of typical low temperature construction materials
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Properties and composition of casting and forging materials
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Properties and composition of aluminium
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Charpy impact test

---The End of Chapter---
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