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Introduction


Drawing is often referenced as a hand-rendered activity, and today it still plays an important creative role in the design development of architecture and interiors. Many architecture and design courses emphasize the importance of hand drawing and modelling as an effective way of communicating and developing a design brief but, while the role of hand drawing is undoubtedly a significant one, the reality of day-to-day design practice now places far more importance on drawing and modelling using digital means.


Increasingly, computer-aided-design, or CAD, is becoming the professional norm in terms of both creativity and efficiency, and this book examines the fundamentals of digital rendering for architects and students. There is a consistent formal language within CAD that references key methods of drawing and modelling, and, by showing examples from a variety of software programs, this book can be used as a global reference rather than a guide to any one specific type of software.


The main aim of this book is to demystify 2D and 3D software interfaces and provide a detailed explanation of the key skills required in architectural design, from simple 2D drawing and 3D construction methods to more complex rendering techniques. The programs included are some of those most commonly used in education and in industry: SketchUp, Vectorworks, Form Z, AutoCAD, 3ds Max, Maya and Photoshop.
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Chapters 1 and 2 guide you through the basics of 2D drawing and 3D modelling, while step-by-step tutorials take you through the process of creating a building from scratch.


Different software programs are examined alongside each other, so that you can see how similar tasks are performed across the range of programs. Step-by-step tutorials are included in each chapter, showing how to draw, model and render a building from start to finish using a variety of programs, and tip boxes provide further references to alternative software types. This will allow you to develop a broad awareness of what can be achieved with CAD and become less reliant on one specific software type, to become a global user.


In the final section, all of the skills demonstrated in the book are brought together to show the step-by-step rendering of an iconic architectural building – the Barcelona Pavilion. This demonstrates how the constituent parts of a project come together. There is also information on Building Information Modelling (BIM), which is fast becoming an integral part of architectural design and manufacture. A comprehensive resource section includes troubleshooting tips, a glossary, and suggestions for further reading as well as useful websites.


It is my hope that this book will assist architecture and interior design students as well as existing practitioners who are unfamiliar with CAD or whose skills are rusty. A common fault with some courses is the lack of formal CAD teaching; quite often students are left to it. This book offers a solid grounding in the fundamentals of CAD, and shows how to complete architectural visuals to a professional standard.
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Chapters 3 and 4 show how to render a building and produce presentation visuals. Clear tutorials allow you to work through the process yourself.
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INTRODUCING CAD


On first encounter the CAD interface can look daunting. Throughout this first section I will introduce a simple way of thinking about and using CAD packages. It may not be the quickest – there are always quicker ways to do things, although this comes with practise – but the following core principles relate more closely to traditional drawing board practice than they do to traditional CAD instruction. Relating back to drawing board practice is a key mindset to get into before you approach CAD drawing.
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This sectional perspective of the Atelier Bow Wow house (the practice’s office) shows unprecedented orthographic detail. Visual rendering can provide the look of a scheme; drawing, and particularly this level of orthographic CAD drawing, can provide us with the ergonomic and construction information to rigorously illustrate the building.


The drawing board


When we are presented with a drawing board we have a key set of drawing aids to use. The first is the board itself; this can be related to working space of the CAD program – the screen space. The obvious difference is the scale of things: drawing boards typically come in A3, A2, A1 or A0 size and you are required to work at a given scale when drawing – 1:100, 1:50, etc. The first issue to grasp within CAD programs is that the scale of the CAD environment is infinite; the CAD working space is not restricted by the dimensions of the drawing board. The first thing we can do, therefore, is discount the need to work at a specific scale, which frees us from making that decision until the drawing is completed.


The principle within the majority of CAD programs is to work at 1 unit = 1 architectural unit. In the UK 1 unit = 1mm, for Germany the units are metres, and for the USA the units are in American imperial. For all their differences, if you adopt the unit of your country you can easily transfer that into an infinite drawing board space in the CAD program.


Navigation


Navigation equates to the use of the eye and hand. Within drawing board practice you move the slide rule and the set square to navigate to the area of the drawing that you wish to develop. For CAD practice the same thing is performed through the movement and commands of the mouse.


Over recent years this ability to navigate around a drawing has been greatly improved and simplified through the development of multi mouse buttons. The almost universal introduction of the scroll wheel middle mouse button has helped simplify this process further. Within most CAD programs a press down on the middle scroll wheel allows you to pan (move the drawing to your desired area) which, along with a scroll of the same wheel, allows you to zoom in and out of that desired area. If we are again to relate this to traditional practice then it equates to the movement of the slide rule and set square to the desired area, while the zoom facility is the interaction of the eye/head to the area of the drawing you wish to focus on. Many people find that when initially using a CAD program they lose the drawing – a key tip is to take a step back to look and find the whole picture; in CAD terms this is universally done through the Zoom Extents command.


Drawing and drawing aids


It is possible to draw any shape or form with a pencil or pen – in most cases it is as quick as any CAD program. Indeed it is sometimes quicker to pick up a pencil than to turn on a computer and start up a CAD program!


When using a drawing board to draw there is a set of tools that you need before drawing commences:


•Drawing pencil – wooden, mechanical or woodencased to create the line; technical pens to firm up the precision of drawing information.


•T-square or parallel rule to ensure a precise straight line; a set square or adjustable triangle to allow you to work in angular increments.


•A compass, to allow for drafting arcs and circles; circles and other geometric shapes can also be drawn with templates.


•French curves and flexible curves for drawing irregular curves.


With this core tool set you are able to draw anything – any shape, form or construction – and, as seen throughout architectural history, create complex building forms.


In CAD terms we can also create any drawn representation through a similar limited tool set. Software providers spend much time developing new tools and interfaces to speed up the process of drawing construction but if you can put this to one side, particularly as a novice user, you will gain a better understanding and overall competence in using CAD. As mentioned earlier, there are much more advanced methods of CAD construction but you should start by focusing on the competence of a similar tool set to that of drawing board practice.




ICON REFERENCES


The set square/orthographic and drawing aids
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Drawing aids such as the set square and parallel rule are as important to CAD drawing as they are to traditional technical drawing. Unlike the drawing board these tools are not typically evident in the interface. They are present, quite often automated, as a way to provide the user with the option of drawing a straight line vertically or horizontally or even at polar increments. From the beginning it is important to familiarize yourself with the whereabouts of these tools.


Each software provider places them differently within the interface but they all provide the same functionality. You will also normally find Points Snap in the same location. This provides you with the ability to pick up a line at a given point from an existing drawn line. You will have the option to pick it up at an end point, midpoint or even a parallel point.


The line, the polyline
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The Line is the primary drawing tool provided by CAD programs. In the case of AutoCAD there are many types of line provided: multiline, construction, parallel, etc. but for sheer adaptability the polyline stands out as the modern day equivalent of a pencil. It is an editable line – its thickness or shape can be altered and the line can be easily adapted to perform 3D operations. Other CAD programs will use the Line tool. One of the major productivity savings of CAD compared to hand drawing is due to the fact that the Line tool becomes the pencil and pen operation. In the days of the drawing board you would construct in pencil and then trace over a final drawing in ink – a very time-consuming business.


The rectangle
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Generally, when starting out I think using the rectangle tool is not particularly important. If we keep to the core basics of drawing board practice then most rectangle representations are easily constructed using the Line/Polyline tool. In drawing board practice, a rectangle template was useful for finer detailed representations, similar to circle templates.


The arc
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The Arc tool equates to the compass. It allows you to draw a curved line of infinite radius. In drawing board practice this may have been constructed with the use of a compass, a beam compass for a larger radius, or even a French curve for more fluid arc arrangements. Within CAD the Arc is the tool of choice when creating curves because it typically gives you a three-point arc that can be manipulated through ‘grips’ to form a specific curve. This can then be used to form a door swing or an arched wall structure. When drawing arcs it is best (unlike for drawing board practice) to draw them in roughly and then move them into your desired shape or form. This is where the addition of grip editing supersedes the use of the drawing board. In drawing board practice you would spend many hours constructing curves – indeed this was the most difficult thing to carry out when drawing by hand. Now with the provision of editable arcs (through grip editing) you are able to revisit and refine your curved lines. A welcome addition and practice for a novice is the ability to chain the arcs to form very complex variations of a single line. In practice it is always preferable to use multiple chained arcs to form a deviating arced line rather than using one of the other spline or free curve line tools provided by software developers.


The circle
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The circle provides us with a complete compass tool. Where the arc provided us with an open curve, this creates a closed circle. The central point of the radius is typically the point where you would place the compass point, but in CAD terms the position of this can always be moved. In terms of editing it is quite a simple process to alter the radius or trim and cut the circle into an arc form.


Modify
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As with drawing board construction, many of the lines you draw will be unwanted. Practices within hand drawing varied greatly and many ingenious ways of removing lines were employed – for the simple removal of a draft line a rubber would be used for pencil drawing; for inked drawings it became trickier and tools such as the erasing shield were used to protect the areas of the drawing that you did not want to be removed. There are two commands within the CAD environment that complement these actions. First is simply the Erase/Delete command. In nearly all cases of CAD software this is as simple as selecting the desired line and looking for your Delete button; there is no need to search for an icon, as it is the simplest of commands to execute by keyboard. The second command is similar to that of the erasing shield and typically called ‘trim’. It is a useful tool that helps you either tidy up unwanted lines as you go along or create more complex shapes from multiple line constructions.


Move/Copy
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The Move tool is often bundled with the Copy tool and it allows you to move your chosen selection. The standard icon for Move is the compass symbol. Within AutoCAD you can simply activate the Move command by typing M and the Copy command by typing CO. One of the major advantages of CAD drawing over hand drawing is the computer’s ability to replicate instantly. In the days of the drawing board one would trace and replicate a repeated part of a drawing – a laborious task that often resulted in less-than-satisfactory consistency. The Copy command has advanced greatly in recent years; it ‘instinctively’ lets you multi-copy rather than having to re-execute a command. As a beginner, it is important to keep executing the command so you get used to the copy interface of your chosen software. Take time to familiarize yourself with this basic operation.


Offset
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Offset can be seen as an advancement of the Move/Copy tool. It allows you to specify a set distance and direction to copy or move an object or line to. It is particularly useful when constructing wall thickness or for the basic multi-copy of drawn information. There is another tool that automates this command into a more complex operation known as ‘Array’, but I would recommend that you use Offset as a beginner’s tool. Once you have mastered that then you can experiment with array. Note that in SketchUp you can only offset a coplanar object, e.g. a rectangle or circle, known as a ‘closed object’.


SUMMARY


Using a basic tool set available in all CAD programs you can construct any 2D drawing.


•polyline (line), arc and circle to create


•trim, copy, move, offset and delete for modification.


•Combined with a basic understanding of the navigational interface you will be well equipped to draw any 2D drawing CAD representation.


•The complexity of your drawing will rely not on the software you use, but the complexity of your design thinking.




SETTING UP A USER INTERFACE


The user interface is often referred to as the UI. Each manufacturer of CAD software has its own version, but there are common attributes between the different software types. The UI will often contain the navigation, drawing, modelling, rendering, annotation, modification, tool and properties palettes, etc. The most useful interface feature is the icon, as these will often indicate clearly the tool function. A text box explanation will pop up as you move your mouse across the icon. The majority of CAD software will also have a command line or script interface where specific commands or operations can be performed. CAD software developers continually upgrade their interfaces, and year-to-year you may find that the UI has changed. While these improvements are often helpful they can be equally frustrating, as you may need to search for some time to find a specific tool. However, even with the most radical of changes the fundamental operations/commands are usually executed in the same manner. The drawing setups in the following section are basic and relate to a typical UI setup. Whatever software you use, it can be beneficial to give yourself a few minutes to orientate yourself. In many cases you’ll be able to customize the UI or set it to a preferable software version.
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AutoCAD’s interface has developed from a command-based program to a command icon-led program. It was developed in line with DOS, the first Windows operating system.


Today there are three important user interfaces to work with. The latest generation is based on the ribbon format, an interface that is geared more towards a icon approach. AutoCAD Classic is a useful and timeless interface that is often favoured as it has been a familiar setup since release 14. A new interface recently introduced is the Mac version, which retains the same tool operations but has a very different interface to its Windows counterparts.


2D and annotation
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AutoCAD Classic
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AutoCAD MAC
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THE COMMAND PROMPT 


The Command prompt is universally the most important element of the AutoCAD interface. It gives you the ability to type in any of AutoCAD’s commands. There is no need to select the area, if you just type [when in command mode] it will activate the tool. Further sub levels of tool are also adjusted through this interface. AutoCAD has recently introduced a dynamic input method for this interface, where the keyboard entry occurs in the screen environment (right).
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DRAWING LIMITS


You can use the LIMITS command prompt to set up the drawing limits of a drawing. If you have a building that is 5000mm x 5000mm you can use this function to set the MODEL drawing page to these limits, e.g. set the Model space to 6000, 6000.
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When you reset the drawing view it will always return to the limits you have set. Introduced later is the Zoom/ Extents command which will also include everything drawn in the window. LIMITS is the equivalent of the page setup that you will create in SketchUp and Vectorworks.


TEMPLATES


You can start up AutoCAD and just begin drawing; that, in many ways, is the simplicity of the program. When used in architectural practice the practice will often have its own template to work with.


When you start AutoCAD it will be the ACAD template that is the default. Other templates are geared up for other environments such as 3D. In the workplace you may load a template that has a title box format, with company name and other drawing info. This is often in a template
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Setting up the AutoCAD Interface


The default AutoCAD 2D drafting and annotation interface can look quite complex and you may wish to simplify it. We will go through this now. First, familiarize yourself with the drawing aids: Ortho is always based in the bottom left menu. This is the tool that equates to the set square and parallel motion. Also in this menu is another aid called ‘Polar Tracking’, which allows you to draw in polar increments. The Object Snap settings are also located here. These are the three drawing aids that you will use most often.


There is also a set of tools highlighted on the right. Combined with the middle mouse button zoom and pan feature, these provide your basic navigation tools.


While in command AutoCAD has many variables that can be used to alter the tool setup, but beware as it can be difficult to know how to reset a default configuration.
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AUTOCAD CLASSIC WORKSPACE


In the bottom right-hand corner you will see a pop-up tab with 2D Drafting & Annotation written on it. This is the default start-up for 2011 but has been present in AutoCAD since Version 2007. Change that setting to AutoCAD Classic. The screen changes into its traditional look, giving you more screen and fewer icons.
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CLEAN SCREEN WORKSPACE


Changing the user interface from AutoCAD Classic to Clean Screen will allow you to set up AutoCAD in its simplest form, cleaning the screen of all icons and any other distractions. If you change the settings you will find the lack of visual distractions beneficial for learning. However, if you want to go straight into the drawing task without using the following setup then simply proceed to the tutorial on page 24.
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TIP RIGHT-CLICK MENUS







AutoCAD Classic gives you right-click menu functionality from any of the icons present in the window. This functionality also exists in many other familiar programs, such as Microsoft Word. This is very useful as it allows you to find any icon groups (commands) quickly and easily.
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