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Foreword


Studio Craft & Technique for Architects was initially written in 2011 to assist students with the principles of architectural drawing conventions. Having decided to write a short ‘pamphlet’ to help our students, the book expanded as we felt it necessary to link the tools and techniques of drawing and model-making with the principles of design and construction. We believe fundamentally that architectural design and construction should be understood as intrinsically linked.


In this revised edition we address areas of increasing concern since the book was first written – most urgently, the impact that the climate crisis has had on our understanding of construction. Decisions about the selection and evaluation of building materials have changed significantly (Chapter 6), as have the ways in which we detail and construct buildings (Chapter 8). We have included a new section in Chapter 5 which looks at site analysis and strategies for the positioning and massing of buildings to maximize daylight, sunlight, ventilation and shelter. A heightened awareness of the environmental impact of construction pervades the revised text, as does our own experience of using this book as a teaching tool. We have added US terminology, standards and dimensions to make this publication more accessible to US students.


We would like to dedicate this book to Wendy Barrett, who taught us both, and whose exacting standards of architectural drafting and commitment to teaching architecture left an indelible mark on us and on generations of UCD architecture students. Thank you, Wendy.










Introduction
Tools of
the Trade


John Tuomey
Professor of Architectural Design University College Dublin





Architectural education ought not to be compared to a craft training exercise, because unlike the craftsman who excels in making things already known, tried and tested, the architect must be educated to respond creatively when faced with unforeseen challenges. Yet we could never rely on an aspiring professional who lacked a practical mastery of the tools of the trade. Confidence comes with competence. Fluency comes with practice. In the studio we have to learn two things at once: to enquire and simultaneously to confirm, and to ask spontaneous questions and express our answers with demonstrations of skill. Learning by doing means that in trying something new, we test how much we already know.


The trained eye can measure a room. The trained hand draws without stopping to think. Drawing is thinking out loud. Paying attention to the material elements of the surrounding world, architects slowly acquire a reflexive understanding of space, construction, scale and dimension.


A lifelong acquisition process begins the first day we enter the first-year studio. We learn to sharpen a pencil, lean into the paper, draw a line on the page as if it is a profile in space. There is secret pleasure in all this patient work. The smell of the pencil, its weight in the hand, the freedom of finding out which way the drawing is taking us next. One line drawn suggests another.


This useful book is something to keep in your pocket. It is a beginner’s guide that will lead you along clear and consecutive paths of applied learning. It is a book of basic principles. Practise these deceptively simple procedures until your analysis of buildings and places becomes inseparable from your appreciation, and the discipline becomes inherent in your own way of working.










1


Getting Started in Architecture


Craftsmanship arises from manual skill, training and experience – personal commitment as well as judgement.
—Juhani Pallasmaa


All the work of the hand is rooted in thinking.
—Martin Heidegger





As a starting point, this chapter will introduce you to the basic equipment you will use in your study of architectural design. We begin with an introduction to the tools you will use when drawing, and provide some tips on using your drafting equipment.


While there are many specialist drawing implements, the ones we cover here will allow you to complete accurate architectural drawings. We also introduce you to the tools and equipment used in a building laboratory. Again, there are specialist tools in the laboratory for cutting and model-making, such as the laser cutter and the C&C router, and the tools we deal with here will see you through your first two years of study. Finally, we look at common tools and techniques for making architectural models.


While this chapter gives you practical tips and advice, there is no substitute for experience. As you get used to drawing and model-making, you will hone your own methods and techniques, and, we hope, take pleasure in drawing and model-making – the foundations of architectural design.










1.1
Basic
Equipment



1.1.1 Drawing Board & Parallel Motion
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Fig. 1


1. Backing sheet


2. Parallel motion


3. Drawing board


4. Drafting tape





Screw the parallel motion to the drawing board – use the fixings at the top and bottom of the board to ensure the wire is held taut and secured in place.


Drawing boards come in various sizes and materials. The most common metric sizes are:


A0: working area of 1270 × 920mm


A1: working area of 920 × 650mm


A2: working area of 650 × 470mm


Standard US dimensions are:


E 34 × 44”


D 22 × 34”


C 17 × 22”


Common materials include timber, MDF, plastic and melamine (which is a smooth plastic finish to a wooden base).


Parallel motions are preferable to T-squares because they allow greater accuracy and stability in drawing. ‘Mayline’ is a common brand name for parallel motions. Use the ‘Mayline’ to draw horizontal parallel lines.


Pre-assembled boards and parallel motions are available, which are easy to transport and come with an adjustable prop.
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When fixing paper to the drawing board ensure the page is in line with (and parallel to) the parallel motion. The parallel motion should move smoothly in a ‘parallel motion’ along the board – it shouldn’t wobble!


Use a brick or block of wood to prop up the board – it’s easier to work when the board is at an incline.


Use graph paper covered with acetate as a backing sheet to guarantee a clean surface.


The graph paper allows you to easily align your paper. You can use the graph lines to set out text and lines when using transparent paper.


Secure each corner of the paper with drafting tape.






1.1.2 Adjustable Set-square


Set-squares are used for drawing vertical and inclined lines. The adjustable set-square is most useful as it can be set to any angle. The fixing screw allows you to set the angle of the set-square.
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Fig. 2


1. Adjustable arm


2. Fixing screw


3. Hinge


4. Scale of degrees





NB
Never use a scalpel with a set-square or Mayline – it will nick the edges and result in uneven lines when drawing.




[image: Illustration]


Keep your set-squares and parallel motion clean using baby wipes or soap and water, and always wash your hands before starting to draw. Graphite dust from pencils can smudge drawings.






1.1.3 Clutch Pencil & Eraser
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Pencil leads range from grades 9B to 9H. The most commonly used leads in architectural drawings range from grades 4B to 4H. The higher the ‘B’ number the softer the lead, and the higher the ‘H’ number the harder and sharper the line.


Architects typically use mechanical or ‘clutch’ pencils when drawing, because they allow greater precision than wooden pencils. Mechanical pencils are available in various thicknesses of lead. The most common are .5 or .7mm. ‘Clutch’ pencils are mechanical pencils with thicker leads, which can be sharpened. The 2mm clutch pencil is the one most commonly used for architectural drawing.
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Work out the size of your drawing before you begin and position it on the page carefully. It helps to draft up a ‘net’ – a quick mock-up of the size and position of elements – on a separate page. Very light lines (construction lines) should be used to set up the position of the drawing on the paper.
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Slowly turn the pencil as you draw along a set-square or Mayline; it leads to a more even line weight.


Start your drawing from the top and work down – the less you move the Mayline and set-square over the drawing the cleaner it will remain.


Keep your hands clean and touch the drawing as little as possible to avoid smudging.


Pencil lines should be clean, even and firm – avoid ‘going over’ lines and broken ‘hairy’ lines.
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Fig. 3


1. Eraser shield


2. Drafting brush





On presentation drawings, use an eraser shield to erase small errors accurately while protecting the rest of your drawing.


Use a drafting brush after erasing to ensure the paper remains clean. This removes the residue from the eraser and stops it from smudging the drawing.
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Putty rubbers are more effective on dark leads or charcoal drawings.


If using drawing ink, a sharp safety blade can remove ink marks from tracing paper. Mask one edge when using a razor – this takes a bit of practice!


Crumbs from the eraser can get lodged under the Mayline and cause marks on your drawing – clean the Mayline regularly.






1.1.4 Pencil Sharpeners


A wide range of pencil sharpeners are available for various kinds of pencils. For wooden pencils you can use the simple hand-held pencil sharpener (Fig. 4.1) or the mechanically operated rotary sharpener (Fig. 4.2), which gives a better point. Most narrow lead mechanical pencils (.5mm – .7mm) do not require a pencil sharpener, but for thicker lead clutch pencils a few options are available. As a basic option, some clutch pencil brands (such as Faber-Castell and Staedtler) come with a small built-in lead sharpener in the pushbutton of the pencil, or small plastic sharpeners are available to buy cheaply (Fig. 4.3). These are useful when you’re out and about.


For a cleaner and more precise point use a rotary lead-sharpener (Figs 4.4, 4.5). These sharpen the pencil leads by rotating the pencil lead around an internal metal file.
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Fig. 4


1. Simple wood-pencil sharpener


2. Rotary pencil sharpener


3, 4, 5. Pencil lead pointers
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When using rotary lead pointers, dust on the pencil lead can smudge your drawings. Wipe the lead clean on a cloth before drawing. Alternatively, some pointers come with a small foam well you can dip the lead into.






1.1.5 Compass


A compass is used for drawing circles and arcs of varying radii (Fig. 6). A pencil/pen attachment (Fig. 7) is used to draw circles with felt-tip pens or coloured pencils. A lengthening bar (Fig. 8) is used for drawing larger circles.
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Fig. 5


1. Adjustment screw


2. Needle point


3. Pencil lead
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Fig. 6
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Fig. 7


1. Pencil/pen attachment
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Fig. 8


2. Lengthening bar
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Keep both the needle point and the pencil lead perpendicular to the paper surface. Both arms of the compass are hinged for this purpose.


Additional leads are available for compasses to allow you to match the line weights on your drawing.






1.1.6 French Curves


French curves are plastic templates used for setting out complex curves. Use the French curve by rotating it until you find an arc/curve that aligns with the points you want to join.
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An alternative to French curves is the ‘flexi-curve’ – a length of pliable plastic. This requires some patience and practice, but can be useful for drawing repetitive curves.
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1.1.7 Circle Templates


For drawing small circles, use a circle template as the compass becomes too fiddly on small diameters.
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NB
Do not draw curves – including door swings – freehand on a technical drawing. Always use a compass or circle template.



1.1.8 Drafting/Masking Tape
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Masking tape is a type of pressure-sensitive tape made of a thin and easy-to-tear paper, and an easily released adhesive, allowing it to be removed without leaving residue or damaging the surface to which it is applied. It is available in a variety of widths, ranging from 10mm to 50mm (⅜ “ to 2”).


Drafting tape is less strong than masking tape and so is less likely to tear paper or card.



1.1.9 Colouring Pencils
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There are three common categories of colouring pencil; oil-based, wax-based and water soluble. Wax-based are widely available, but oil-based are better quality for architectural drawings. Faber-Castell’s ‘Polychromos’ colouring pencils are recommended for high-quality pigment and soft leads which allow for easy blending of colours. Other cheaper brands will not give the same results.



1.1.10 Sketch Book


Sketch books (Fig. 9) are used to document projects. Images and articles can be pasted in as support material. A wide variety of sketch books are available. Hard-cover sketch books are the most practical as they are hard-wearing and provide a solid base on which to sketch. A5 (smaller) sketch books are recommended because they are easily portable.
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Fig. 9





Moleskine brand notebooks are useful as they have a pocket (Fig. 10) to store leaflets, images, etc. They come in a range of sizes and paper types, including graph paper, plain sketch books and lined notebooks.
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Fig. 10





See Section 4.1.3 for examples of how architects use sketch books.
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Use a sketch book with heavy cartridge paper – it allows you to use different media, such as pencil, ink or light watercolour.


Do not use a lined sketch book.






1.1.11 Scale Rule


A scale defines the relationship between the original object and the drawing or model. The original scale, 1:1, is the full size of the object.


Most scale rules contain the following common architectural and engineering scales:


1:1 and 1:100


1:20 and 1:200


1:5 and 1:50


1:1,250 and 1:2,500


Common scales for drawings in I-P units are:


3”     = 1’-0 “


1½ “ = 1’-0 “


1”      = 1’-0 “


½”     = 1’-0”


¼“     = 1’-0 “


⅛ “    = 1’-0 “


1∕16 “   = 1’-0 “


You can use your scale rule for measuring off drawings at bigger scales by moving the decimal point. For example, use the 1:50 scale to measure drawings at 1:500, but add a zero to get the correct dimension.


Scale rules are available as flat two- sided or triangular three-sided rulers. We advise that you start with a flat scale rule as they are easier to get used to. As you grow more experienced, try the triangular scale rule, which has the advantage of more scales shown. Triangular rulers are available in I-P and metric units.
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See Section 2.1 for more information on common drawing scales.



1.1.12 Scalpel & X-Acto Knife
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Fig. 11


1. Scalpel


2. X-Acto knife





See Section 1.4.2 for further information on the use of these tools.
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Use a cutting mat and safety rule when using a scalpel – cuts and nicks on your board can transfer to your drawings.


Always ensure you dispose of scalpel blades carefully. Use a sharps bin when available or wrap the blade in masking tape before disposal.






1.1.13 Sketch Paper & Steel Rules


Sketch paper is semi-transparent and used for sketching and tracing. It comes in sheets (sometimes called ‘butter paper’) or in rolls of varying sizes. Using a roll when overlaying hard-line drawings allows you to sketch freehand but keep your drawings to scale, enabling you to try out many options quickly.


A steel rule is a metal ruler used as a cutting edge in model-making, as it does not get damaged by the scalpel or knife. Cork-backed steel rules resist slipping.
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Fig. 12


1. Sketch roll


2. Steel rule






1.1.14 Drawing Pens


Drawing pens or drafting pens are rarely used these days, but would have been commonplace in drawing offices until the mid-1990s. They require a lot of care and maintenance, but when a level of skill is developed a very high level of drawing quality is possible. Rotring is a commonly available brand of drafting pen.
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1.1.15 Fine Pens


Fine pens come in varying nib thicknesses, from 0.1mm to 2mm. 0.2mm and 0.5mm are the more commonly used sizes.
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Fine pens are most suited to sketch detailing, where a detail can be worked up using overlays of sketch roll to test different versions of a particular detail.


Never use fine pens for hard-line drafting as they are not capable of the line quality required for such drawing.













1.2
Paper Types &
Line Weights



1.2.1 Paper Types


At first glance, there appears to be an infinite amount of paper to choose from when it comes to drawing — or drafting as it is sometimes called.


As architects and students of architecture, we need to become familiar with paper types and the media that most suit them. This will come with experimentation and experience. In the meantime, we have put together some basic information to help you on your way.


The following pages list the basic paper types you will use in your first year of college.


Paper is graded according to its weight in grams relative to 1m2 of paper.


Typical office photocopy paper is 80g/m2. Paper weights used for drawing purposes range from 25g/m2 to 300g/m2.


The unofficial unit symbol gsm (meaning g/m2) is also widely used in English-speaking countries and can be found on most reams of photocopy paper.


In the US paper weights are measured in what are known as basis weights by the pound.


Paper is also graded according to a measurement known as ‘tooth’. This refers to the degree of surface texture of a given piece of paper and is normally determined by how the paper is made and the material used to make it.


Standard ISO Paper Sizes
The advantage of the ISO system is its ability to scale without compromising the aspect ratio from one size to another. If a sheet with an aspect ratio of 1:√2 is divided into two equal halves parallel to its shortest sides, then the halves will again have an aspect ratio of 1:√2.
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	A-Series


	millimetre







	A0


	1188 × 840mm







	A1


	840 × 594mm







	A2


	594 × 420mm







	A3


	420 × 297mm







	A4


	297 × 210mm







	A5


	210 × 148.5mm







	A6


	148.5 × 100mm












	US sizes Name


	inches







	Letter (ANSI A)


	8.5 × 11”







	Tabloid (ANSI B)


	11 × 17”







	Arch C


	18 × 24”







	Arch D


	24 × 36”







	Arch E


	36 × 48”








Sketch Paper
Like a lot of paper types, sketch paper comes in both sheet and roll form. A4 sketch paper roll is most typically used and is a staple of studio work.


At 25g/m2 this is the lightest paper you will use and it is generally suited to freehand sketching and overlaying. Tear off an A3-sized section and place it over your hard-line or sketch drawings. The transparent nature of the paper allows tracing and re-working of earlier drawings.
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Fig. 13


1. Sketch paper


2. Butter paper


3. Detail paper


4. Tracing paper


5. Vellum


6. Cartridge paper


7. Watercolour paper


8. Watercolour paper
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Always write your name on the paper edge side of your rolls, because they can go missing in a studio environment.





Butter Paper
This comes in sheets slightly smaller than A1 at 750 × 500mm. It is more durable than sketch roll, with a weight of 40g/m2. It has an off-white yellowish colour.


It is useful for overlays, sketching and setting-out drawings or ‘nets’. It is not typically used for presentation drawings because it is non-standard size.
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Butter paper takes polychrome colouring pencils well.





Detail Paper
This is typically used as part of the design process and is less common for finished drawings. It is a delicate paper and pretty unforgiving in that it is difficult to correct/erase lines once they have been drawn.


It is generally used in sheet form at A1 size (840 × 594mm). It could be described as semi-opaque (partially see-through).


Tracing Paper
This comes in three common weights: 63 g/m2, 90 g/m2 and 112 g/m2. It is available in pad, sheet and roll form. It was traditionally used for working drawings and presentation drawings because it takes pencil and drawing pens well. It was widely used as it could be copied on a dyeline machine, which is an old form of the modern-day printer. It is an excellent litmus test for developing your drawing skills, and for this reason we would recommend it.
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Keep your hands clean when using tracing paper, as greasy paper will repel ink or cause smudging and poor line quality.


Never use fine pens or markers on tracing paper as they are not capable of the same line definition that is possible with pencil or drawing/drafting pens (e.g. Rotring Rapidograph/Staedtler Mars).





Vellum
This is a semi-opaque high-quality paper used for the purpose of presentation. It has a slightly oily feel and is more forgiving than detail paper (see here) when it comes to minor adjustments.


Vellum paper is becoming very difficult to get nowadays because it is no longer widely produced.


Cartridge Paper
Like tracing paper, cartridge paper comes in all the standard sheet sizes. Typically it is available in weights of 110 g/m2, 155 g/m2 and 200 g/m2. It is used for presentation drawings and the thicker, better-quality papers take ranges of pencil lead weights particularly well.


Cartridge paper is opaque and off-white in colour. You cannot trace onto cartridge paper unless you use a light box.
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Cartridge paper is relatively unforgiving because if you make an error, erasing is difficult.


It is not practical to roll cartridge paper, especially the thicker-grade papers, as this will leave permanent creases on the sheet.


Check both sides of the paper before you draw as some papers have differing finishes on either side.





Watercolour Paper
This differs from manufacturer to manufacturer, so experiment not only with the different kinds of paper but also with various brands.


Weights range from 190 g/m2 to 600 g/m2. There are three different types of finishes available, which relate to the process by which they are made: rough, cold-pressed and hot-pressed paper. Hot-pressed has a smooth finish that takes colour and lead pencil and pastel very well. It is particularly suited to rendering finished drawings with these media.



1.2.2 Line Weights


Architectural drafting requires different skills and techniques compared with freehand artistic drawings. Drawing techniques are learned over time by practice and with the application of the discipline of shared standards and conventions.


All basic drawing skills are born out of a competency in pencil drawing. As mentioned in Chapter 1, the clutch pencil is the staple of pencil drawing. It holds a 2mm-diameter lead, which is slotted into the tip-end of the pencil’s metal casing, as demonstrated here.
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Mechanical pencils should not be used for drafting as they cannot be sharpened, so variation of line thickness is difficult.





Lead types most commonly used for drafting are HB, B, 2B and 2H. Sometimes a 4H is used for fine hatching and construction lines. The higher the ‘H’ number the harder the lead will be; conversely, the higher the ‘B’ number the softer the lead will be. This is illustrated above with a selection of the most commonly used leads.
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It is helpful to have at least two clutch pencils available at any time so you can have two different leads ready for use. The HB and the 2B are the most useful leads for setting-up construction lines and for hard-line drawings, because you can get a good range of line thicknesses with a minimum amount of lead sharpening.










1.3
Building
Laboratory


Most schools of architecture have a model-making workshop or building laboratory, which provides students with the facilities and tools to make scale models, to test building materials or to make large-scale constructions. Facilities vary widely from school to school, so here we outline common tools and equipment that are widely available.


Safety is paramount in the building laboratory, and students must follow instructions on using the equipment. In your first year of study, you will be introduced to safety procedures to follow in the lab.


No student should attempt maintenance of the machines. If you experience difficulty, always contact the building laboratory manager. When using machinery in the workshop, always wear appropriate PPE (see section 1.3.1); wear closed-toe shoes; tie back your hair; and don’t wear loose clothing, scarves or ties which could get caught in machinery.



1.3.1 Personal Protective Equipment (PPE)
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Dust mask


NB
Always wear a dust mask when using machinery that generates dust or fine particulates – such as the belt sander – or when cutting fibrous material such as softboard.
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Safety goggles


NB
Always use safety goggles when cutting metal on the bandsaw, drilling metal or cutting masonry with a chisel.
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Ear protectors


NB
Always use ear protectors when using any loud machinery in the building laboratory.
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Gloves


NB
Always use gloves when mixing concrete or working with raw timber, which may have splinters. Gloves should also be used when cutting metal, as jagged edges and burrs can be dangerous.



1.3.2 Saws
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Fig. 14


1. Trigger lock


2. Control trigger


3. Blade holder


4. Base plate or shoe


5. Blade


6. Orbital action adjuster


7. Vacuum connection


8. Power lead





The jigsaw is used for cutting timber, metal or acrylic.


Change blades and speeds depending on the material you are cutting. Lower speeds are suitable for harder materials such as metal and acrylic.




[image: Illustration]


Fig. 15


1. Timber saw


2. Hacksaw





NB
The hacksaw is the only hand saw suitable for cutting metal. Never use a coping saw or fretsaw for cutting metal, or you will break the blade.


Always check which tools you are allowed to use in the studio.



1.3.3 Hammers & Mallets
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Fig. 16


1. Claw hammer


2. Cross-peen hammer


3. Wooden mallet





Hammers and mallets are tools designed to deliver an impact to an object. Their most common uses are for driving nails, fitting parts and breaking up objects. The wooden mallet is used for driving chisels.



1.3.4 Combination Square


A combination square is used for multiple purposes in woodworking and metalworking. It is composed of a ruled blade and one or more interchangeable adjustable heads that may be affixed to it. The most common head is the standard or square head, which is used to lay out or check 90° and 45° angles.
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Fig. 17


1. Square head
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