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EE [raining the Trades

Geometry for Carpenters

Math is fundamental to building. And while there is no escap-
ing the need to be proficient with numbers and algebra, learning
some geometry can go a long way in helping carpenters be more
efficient. In this article, we’ll introduce a few methods for divid-
ing, measuring, and laying out shapes that can save time and take
some of the head scratching out of many layout jobs.

The first principle we’ll address is the idea of using a scale of
known increments (a tape measure) to divide a line or area. In the
first two examples below, we don’t need to know the width of the
board we want to divide, or make any calculations. We simply hold
the end of tape along one edge and run it out to the opposite edge.
The distance and angle of the tape don’t matter, as long as we align
the opposite edge with a number on the tape that we can easily di-
vide by 2 or 3 (or any divisor we want). This same concept can be
used to divide an uneven distance into a number of equal segments
without having to pull out a calculator. And the idea of marking off
even segments can be useful when laying out various curves, as
shown in the examples at right.

Dividing a Board

Example: Divide a 3'/2"-wide board in half.
Line tape measure up on 4" dimension,
mark 2" dimension for halfway point.

Similarly, divide board into thirds by lining
tape up on 6-inch dimension, mark 2" and
4" dimensions fo locate third points

Dividing a Line

Example: Divide an odd-length 22°/s"-long line (A-B) info 6 equal parts

@ Swing tape measure from point A to 24" dimension (point 6) |

@ Mark along tape every 4"and draw
parallel lines down from fape o -
divide line A-B equally
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Making an Arch (Straight-line Method)

D @ Join point1on A-D fo point 1 on
D-B (point 2 on A-D to point 2
on D-B, and so on)

@ Resulting infer-

secrionis a point
that the arc
o asses through

@ Divide hypotenuses of equi- <
[ateral friangles info equal \
segments (in this case, >

six segments or N
points)*

*The more Segments (points) you
have, the smoother the curve will be
1
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Elliptical Opening in a Rectangular Space
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1.Draw the lines A-B and C-F. 2. From the center D, divide G-D info any number of equal segments
(say4)ar1,2,and 3" 3. Divide C-E info the same number of equal segments at 1,2, and 3. 4. Join
point Awith points 1,2, and 3. 5. Join point Bwith points 1, 2", and 3" The resulting intersections
are the points that the ellipse passes through. 6. Repeat the steps above for each quadrant (only
two for anarch, or all four for a full ellipse).

Parabolic Opening in a Rectangular Space
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1. Divide the height of the recrangle info equal segments (in this case, 5 segments), and draw parallel
horizontal lines dividing the rectangle. 2. Divide the length of the rectangle in half, and divide each half
into the same number of segments as the height. 3. Project lines from ends of the baseline to each of
the points dividing the length of the rectangle (1, 2", and so on). 4. The intersection of these projections
with the parallel divisions of the rectangle define a parabolic curve in each half of the rectangle.
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Training the Trades / Geometry for Carpenters

Angles are fundamental to joinery. Most of the time, we
are dealing with right angles (90 degrees) and regular miters (45
degrees). What happens when we encounter other angles? Our
inclination is to measure that angle in degrees somehow (with an
electronic angle finder or a protractor, for example) because the
table on a miter saw is set up with degree adjustments. However,
a lot of times we don’t need to know the numbers. The miter for
joining boards of unequal width, for example, is an acute angle
less than 45 degrees, which we can lay out using parallel lines, as
shown at right. Once we understand this idea, we can just mea-
sure the width of one meeting board off the end of the other and
join the diagonal.

Or we can lay out any angle using a compass and a straight-
edge to bisect the angle. If we do this on a scrap piece of wood, we
can cut the angle we’ve drawn by aligning it with the blade on our
miter saw—no numbers needed. The same concept of swinging
an arc (either with a compass or with a tape measure) can also be
used to lay out different shapes, such as a square, a hexagon, or
an octagon, as shown below.

Octagonal Bay Window

Actual bay footprint ~

Exterior wall /—@\ /@
N E D B

-\ &

A _ ‘\B'
Template of
¢ E bay footprint

1. A-Bis ourinterior wall line where we'll sef a bay window

2. Draw a square with sides equal to A-B.

3. Draw the diagonals o locate the center of the square, G.

4. Measure the length from the center fo one comer of the square (equal 1o A-G).

5. Measure this "half diagonal” distance from each end of the wall lin (from lefr, A-D, from right B-E).

B. Define the rectangle A-B-B'-A" with the short side equal o A-A",

7. Fromthe corners A" and B' connect the diagonal fo points Eand D. The section A'E-D-B' defines
the template for the bay window.

8. Use template fo define the footprint of bay window on the exterior of wall A-B.
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Finding Miter Angle Using Parallel Lines

/ @ Mark point and
N

connect comer,
This diagonal \
defines the

(3) Conect autside comer and

mifer angle.
intersection fo find miter angle

IJraw |IﬂB

renresemmg
1x6 parallel fo
edge of hoard

IJraw line rep-
reseminglle
parallel fo edge

N

\
(1) Lineun Ix4 against
edge of 16 board

Bisecting an Angle

(@) swingarcsfomBpains: ~ (3) Drawine from
the resulting intersection intersection
defines point G back fo point A

fohisect angle

'B A B
@ Swing arc from point A fo create B points

Construct a Square

(3) Swingarcs (&) brawline

frominter- between two
sections intersections
(2) Swingarcs from carmey, e
/ intersect both lines e \@
@Sranwnhtwn/ ) e 0
lines at aright angle (B Diagonal neisat 45
Hexagonal Bay Window
) ) D E
(@) swingarc from paint A (@) swmgacfon
1o midpoint  (radfus noint Bfomidpoint G
A-C), whereitinfer- (racius B-C), where it
Sects sem!mrcle infersects semicircle
defines paint D defines point E
A c] \\ B
@ JoinA-D, D-E E-B 10 @ Swing arc from
‘ complete bay window center point Gto
@ Distance A-B represents (plan view) create semicircle

the rough opening in wall
for hexagonal bay window

JLCONLINE.COM



Training the Trades / Geometry for Carpenters

Leveraging the Pythagorean theorem. When we frame roofs or Pythagorean Theorem Explained
square large areaslike a floor frame or lay out plates in preparation to stand
walls, we can’t avoid the Pythagorean theorem: a2 + b? = ¢ If the abstract
nature of this formula makes you nervous, it may be helpful to see the
equation spelled out in geometric form, as shown at right. (This visual
explanation also gives us a construction of the square root function that
maps the area of a square to its side length.) The example shown here is a
6-8-10 right triangle—a larger form of the all-powerful 3-4-5 right triangle;
if one leg of a triangle measures 3 and the other 4, we know by the Pythag-
orean theorem that the diagonal measurement will be 5. But we don’t have
to calculate this. Rather, we can use these dimensions as a check for square
for any right angle: By measuring out one side equal to 3 units (inches, feet,
anything) and the other side equal to 4 units, we know the hypotenuse /

Squares on sides and hypotenuse
of right-angle friangle

8x8=64

connecting these sides will equal 5 units—or any multiple of 3-4-5: 6-8-10,

9-12-15, 12-16-20, and so on. When you're squaring a floor or a foundation

(see example, below), it’s always most accurate to use the largest multiple 10x10=100
for the walls that you are laying out. 84x36=100

Additionally, the Pythagorean theorem relates to more than roof fram- 00 =10

ing and right-angle layout; it can also be used to define the ellipse created
where a vent pipe passes through a sloped roof. When the roof deck is
part of the air barrier, we want to create a hole for the vent that can be
tightly sealed.

Bx6=36

3-4-5 Triangle Intersection of Pipe Through Roof

5 ‘
3 Il \ient pipe passes through roof plane

b 3xp=18 _
Ix6=2 Xp= 1m &0
5x6=30 Holein roof deck cut tight fo pipe

Multiplying all three sides of . A
any trangle enlarges fhe fiangle 24 Run = pipe diameter (and minor axis of ellipse)

withour changing the angles Angle = roof slope angle
Diagonal = major axis of ellipse

Example: 3-4-5 friangle measures 9 X 12X 15' ¢— Angle

v Stretch a fape from corner point A toward the parallel wall

< and with a second tape from point B along the diagonal.

Where the 9'and 15' measurements meet, mark point C.
N
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