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LEFT-TILT BLADE INTEGRATED
MOBILE BASE

DUST PORT

THE LEFT-TILT CONTRACTOR’S SAW. PERFECTED.

                 It should come as no surprise that DELTA® took the time to introduce left-tilt Contractor’s Saws® the right way.

                     After all, DELTA invented the Contractor’s Saw category. And once you try a DELTA, there’s no going back.                  

                      Besides a left-tilt blade and power ful 1-1/2 HP motor, you also have a choice of three fence

                                         systems including a Biesemeyer® or DELTA® UNIFENCE.® You even get maximum mobility                                                               

                                                  with a newly designed base. Plus, its new collection tray captures 80 - 90% of the

                                                                           dust. So find perfection. Visit deltamachinery.com/contractor for

                                                                                                 more details, or to join our DELTA Owners Group.
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DISCOVER THE JOY 
OF FURNITURE MAKING

When I started at Fine Woodworking magazine 10 

years ago, I had well-honed editing skills but only 

basic woodworking knowledge. Back then, I was 

making very simple projects, things I needed to 

keep my house organized, such as basic bookcases, 

tables, and shelves. But after reading and editing 

hundreds of articles on furniture design and construction, I know how to build 

furniture that’s sound both structurally and aesthetically, and I have the confidence 

to tackle more complex pieces. I’d like to pass along what I’ve learned at Fine 

Woodworking in one inclusive magazine: Building Furniture. This special collection 

of Fine Woodworking’s best articles on furniture construction and anatomy comes 

from some of the country’s foremost woodworking experts. Lessons learned here 

can be applied to a broad range of furniture types and styles from various periods. 

You’ll learn how to build bookcases, tables, chairs, cabinets, chests of drawers, 

and beds in dozens of styles. You’ll also get in-depth information on building doors 

and drawers. If you want to build stylish furniture that will last generations, dive in, 

explore, and enjoy the journey.
—Tom McKenna

Building Furniture editor
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For more inspiration and advice on handmade furniture, 
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around the world.

VIDEOS:

•Furniture maker Matthew Teague goes step-by-step 

through the process of making a drawbored mortise and tenon.

•Graham Blackburn shares practical tips and design inspiration 

for designing frame-and-panel furniture parts.

•Fine Woodworking contributing editor Gary Rogowski shares his favorite 

technique for laying out dovetails with a ruler and simple math.
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Adding solid-wood keys to mitered picture frames or mitered boxes not only makes 
the joint stronger, but it also adds interest. Typically, I use only one key per joint when 
making a picture frame. When making a box, I’ll add several keys to each joint.

A key miter is made in three steps. First, the frame or box is glued up. Then a slot is 
cut in the miter joint. After that, the key is made and glued into the slot. Once the glue 
dries, the key is trimmed flush. 

No matter how many key miters I add to a joint, the sled shown here always makes 
it easier to cut the slots. In use, it slides front to back while 
bearing against the fence of a tablesaw or router 
table. The location of the slot is set by 
moving the fence toward or away from 
the blade or router bit. 

The sled is made of plywood or 
medium-density fiberboard (MDF). It 
consists of a V-shaped trough made up 
of two sides—one wide, one narrow—
that meet at 90°. The ends of the trough 
extend to runners, where a pair of cleats, 
some wood glue, and a few wood screws 
join everything together. When connected to 
the runners, the sides of the trough intersect 
the saw or router table at 45°.

To cut a slot, the work is nestled into the trough and butted against the inside run-
ner. As a result, I can hold the frame (or box) securely in place (keeping my fingers 
away from the path of the sawblade) as the work is passed over the blade or bit.

—Gary roGowski, contributing editor to Fine Woodworking

Mitered 
picture 
frame

Miter joint

Sled for cutting 
key-miter slots

Solid-wood key, 
trimmed flush 
after glue has set

Slot

Narrow 
side

90° Wide 
side

Cleat

Fence
Runner
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SHAKER WORKSHOPS
Box 8001-FW
Ashburnham, MA 01430

www.shakerworkshops.com/fw

SHAKER
A fine collection of reproduction
Shaker furniture, oval boxes and
more. Available as do-it-yourself
kits or custom finished. Large
selection of replacement 
chair tapes.

CENTER for FURNITURE
CRAFTSMANSHIP

Teaching
Creative Excellence

WORKSHOPS

STUDIO FELLOWSHIPS

TWELVE-WEEK INTENSIVES

NINE-MONTH COMPREHENSIVE

R o c k p o r t ,  M a i n e
www.woodschool .org

Using
Quality
Hardware
Good hardware means differ-
ent things to different people. No 
matter the style, there are three 
elements to consider:

Material: You chose your wood 
carefully. Choose the hardware just 
as carefully. We use solid brass. It 
lasts forever.

Construction: Good construc-
tion is a must. Hardware reflects 
the countless hours spent building 
your masterpiece. Details make the 
difference.

Finish: You’ve strived to get 
your wood to glow. The brasses 
need to accentuate that effort. A 
beautiful finish is the final step.

We have been making brass hard-
ware for 70 years. We think we’ve 
learned a few things about making 
and delivering hardware.

• We have no minimum order 
size

• Hardware is always in stock

• Substantial quantity 
discounts

Please call or visit us online.

www.horton-brasses.com
800-754-9127
49 Nooks Hill Road 

Cromwell, CT 06416

Difference

The
Horton Brasses
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Jig makes it easier to plane sides of drawers

It usually is necessary to plane the sides of an assembled drawer 
to get a perfect fit in the drawer pocket. But it can be a chore to 
hold the drawer in place for that task.

The typical routine requires that you clamp the drawer to 
the side of a bench, take a pass with the plane, unclamp the 
drawer, check the fit, reclamp, take another pass with the plane, 
and so on. 

This simple jig saves time and effort. It consists of two main 
parts: a yoke that mounts in the end vise and a 
support board that clamps to the workbench.

Once the jig is set up, you simply slide 
the drawer in place and plane. 
Slide the drawer out to 
check the fit. The jig 
provides support 
so that the sides 
stay flat. It also 
holds the drawer 
in such a way that 
I don’t feel like 
I’m stressing the 
corner joinery. 

The yoke is a rectangular piece of 3⁄4-in.-thick plywood. A 
1-in.-wide slot cut in the yoke accepts either the drawer front or 
back. Attaching a hardwood cleat to the underside of the yoke 
allows it to be clamped in the vise.

The support board has slots on each side to accommodate 
drawers of different depths. I hold it in place by sliding a clamp 
through one of the benchdog holes, which keeps the clamp 
clear of the planing area. A bench hook also would work. By 

flipping the piece end 
for end and moving 
the clamp to different 
benchdog holes, I can 
fit drawers of almost any 

width or length. If I 
can’t, I just cut a 
new slot in the 
plywood.

        —Mark 

EdMundson, 
sandpoint, Idaho

Plywood support board, 
3/4 in. thick by 16 in. sq.

Plywood yoke, 3/4 in. thick Cleat, 1 in. thick 
by 2 in. wide by 
16 in. long

Slots to 
accept drawer

A lot of woodworkers fill 
smallish dings, dents, and 
splits with homemade 
putty made from sanding 
dust and wood glue. 
To make the putty less 
visible, I go a half-step 
further and use dust from 
the same species of wood 
that’s getting filled. To 
ensure a ready source of 
different types of sawdust, 
I store dust from several 
common wood species in 
individual containers. A 
sawdust source is never a 
problem; I just empty the 
dust-collection canister 
on my random-orbit 
sander after using it on 
a particular species of 
wood.

— M i c h a e l  W i l s o n , 

Tuscaloosa, ala..

Extra

improved tabletop button 
fits slot every time Back screw holds 

button in place.

Front screw applies 
pressure to apron slot.

An apron slot that’s a little too high 
or low won’t make a difference to 
this tabletop button. A kerf under the 
working end of the button gives it the 
flexibility to bend up or down as needed 
to slip into the slot.

—PEtEr WallIn, Malmö, sweden

Slot in apron
Tabletop

KerfButton

F I N E  w O O d w O r k I N g10

quick tips continued
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Nature Made It.

Minwax® Makes It Beautiful.
Wood adds natural warmth and beauty to your home. Especially when 

it’s finished with Minwax.® From warm, rich wood stains to protective, 

clear finishes, Minwax offers a complete line of easy-to-use, quality wood 

finishing products. Trust Minwax to make and keep all your wood beautiful for years to come. 

minwax.com
©2007 Minwax Company. All rights reserved. Makes And Keeps Wood Beautiful™
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Get answers fast at 
FineHomebuilding.com
FineHomebuilding.com offers online members 
fast access to trusted, expert information – plus a 
new level of interactive features to complement 
what’s in our magazine: 

•Over 2,000 of our best articles and tips
•Instructive on-demand videos 
•Informative blogs from editors and authors 
•Online forums for information sharing 
•In-depth coverage of green building 

Most importantly, FineHomebuilding.com 
is specifi cally designed by our editors to 
streamline and speed the search process so 
you’ll always fi nd trusted answers fast.

See for yourself, visit today!

FineHomebuilding.com/Explore

Drill-down 
search locates 
the exact 
information you 
need quickly.

On-demand 
videos show 
how every 
step is done 
by pros.
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wood components

order online:
www.woodencomponents.com
order line:
1.800.849.8876
call for a catalog: 
1.800.746.3233

Wood Products, Inc.

4620 GA Highway 123 • Toccoa, GA 30577 • E-mail: info@osbornewood.com

1425
36 x 7 x 7 1/2

8010
9 3/4 x 4 1/2 x 5 1/2

1456
34 1/2 x 3 1/2

1020
29 x 2 7/8

4100
4 3/4 x 3 3/8

4002
4 x 3 3/16

1450
34 1/2 x 3 1/2
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W
hen I was still wet behind the ears as a 
furniture maker, I once built a tabletop that 
shrank so much against the breadboard ends 
that it cracked.

I hadn’t taken into account the amount of 
shrinkage the top would experience in the dry 

air of the first winter. As it tried to shrink against the pegs of the 
breadboard ends, two fine cracks opened up. It didn’t matter 
how old the wood was or if it was kiln- or air-dried, it was 
doing what wood forever will do—shrink and swell as it loses 
or absorbs moisture from the atmosphere.

Despite modern glues, well-engineered joinery, and sealing 
finishes, wood’s moisture content demands attention if you want 
your work to last. Out of necessity, I’ve developed strategies 
for dealing with moisture content as I’m seasoning the stock, 
milling the wood, and building my furniture. 

Seasoning and milling the stock 
When lumber arrives in my shop, I stack it loosely on end against 
a wall or on horizontal racks with stickers between the layers 
so that air can move through the pile. Then I leave it alone. The 
simplest way to reduce potential moisture problems is to let the 
wood acclimate to the shop well in advance of starting a project.

In the winter, softwoods can acclimate in a week, and dense 
hardwoods in a few weeks. If I need to speed the process, I rough-
cut parts and stack them in the gentle warmth above my shop 
heater. Even in the summer, when the atmosphere is at its most 
humid, the wood dries further. The longer it adjusts, the better. 

For a long time I have relied on empirical methods that I’m sure 
past cabinetmakers also used. Dry wood feels warm, and produces 
more crumbly plane shavings than wetter wood. For thick stock, I 
drill into a waste section to see if the borings seem dry. 

Only recently have I also begun to use a moisture meter to know 
exactly how quickly the final drying is progressing. A simple meter 
that uses two pins inserted into the wood surface costs about $125. 

My milling strategy is aimed at producing stable parts with the 
same moisture content inside as on the surface. Wood not fully 
acclimated, especially thick stock, can be wetter inside than out. 
A few days of rain, however, and very high humidity, can leave 

Step 1: let new 
Stock adjuSt
to your Shop
When bringing wood into the 
shop, allow the moisture content 
to balance with shop condi-
tions. The easiest way is to 
stack boards vertically (above) 
or horizontally on racks in the 
shop for a few weeks. A moisture 
meter can be used to check the 
seasoning process by compar-
ing readings from newly arrived 
stock (top right) with an average 
reading from boards that have 
already acclimated to the shop 
(bottom right). Finally, mill stock 
in stages. Leave extra material 
when ripping boards to width 
(below) or surfacing them with 
the jointer and planer. Varia-
tions in moisture content within 
boards can cause them to warp 
after milling. Excess material 
allows room to correct this later.

Photos: Steve ScottF I N E  W O O D W O r k I N g14

Living with wood 
movement
Shop environment iS the key

b y  G a r r e t t  H a c k

getting started
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in the surrounding air, fluctuating with the 
seasons. This means that the same piece of 
wood can have slightly different dimensions 
at different times of year or if moved from 
the shop to an environment that is markedly 
wetter or drier. It’s important to know how 
to estimate these changes ahead of time and 
plan for them when building furniture. 

The best way to predict how dimensions 
will change from season to season is to 
measure the wood movement in a board 
over the course of a year. For this purpose, 
I have a few “moisture boards” hanging in 
my shop. One is a wide, white-pine plank 
and another is a crosscut scrap from a cherry 
tabletop. I use the white pine to estimate the 
movement in drawer bottoms and case backs; 
its movement is similar to that of basswood 
and aspen, other woods I use for those tasks. 
Cherry moves much like other hardwoods. 

I measure the boards’ width throughout the 
year and mark the readings on the boards. 
Because they mirror what the rest of the wood 
in my shop is doing, as well as the moisture 

content highs and lows, I use them to gauge how tightly to fit 
drawers or panels in any season.

Here’s how it works: When I’m ready to fit drawers into a 
case piece, for example, I consult the moisture board. If the 
board measures 14 in. wide at the driest time of year and 
145⁄32 in. at the wettest, and measures 141⁄32 in. today, I know to 
expect a slight amount of shrinkage and much more expansion 
during the coming year. If the drawers are 7 in. wide, or half 
as wide as my moisture board, I can calculate fairly accurately 
how much movement to expect (about half of what the board 
says, or 1⁄16 in. expansion and 1⁄64 in. shrinkage). If I’m unsure, I 
tend to err on the side of a slightly larger gap.

Work with dry wood and heat your shop
I prefer to work with wood as dry as is practical, so that table-
tops or case sides will expand slightly before any shrinkage 
occurs. If the parts expand first, they can work against any tight 
fasteners and create some slack for later contraction. 

On the other hand, on frame-and-panel work such as cabinet 
doors, I don’t worry so much about a little excess moisture. I’d 
rather have the panels shrink a little instead of expanding and 
blowing out the joints.

To help avoid dramatic changes in climate when moving a 
finished piece from my shop to its destination, I heat my shop 
as I do my house. This results in a moisture content somewhere 
between 7% in winter and 11% in summer. Also, a good finish 
will slow moisture transfer (but won’t stop it). 

There are a variety of ways to outfit a shop with heat, but if 
this isn’t practical, you could always store your lumber in the 
dining room—if you can get away with it. 

F I N E  W O O d W O r k I N g16

Step 2: keep 
track of your 
Shop’S climate
To predict how furniture 
components will expand or 
contract in the future, it is 
important to know the working 
conditions in the shop. Hack 
uses scraps to create a 
seasonal barometer of wood 
movement (top). By tracking 
and recording this moisture 
board’s width throughout the 
year, he can measure the board 
on any given day and assess the 
seasonal humidity of the shop. 
For tasks such as fitting a draw-
er, Hack consults the moisture 
board to predict how much the 
drawer front will expand and/
or contract and to decide the 
amount of gap to leave along 
the drawer opening (bottom). 

boards drier inside than on the surface. If I have time, I cut 
parts to rough dimension first and let them acclimate further 
for a few days. I do the same when I’m milling parts to their 
finished thickness. When planing, work both sides evenly and 
let the parts acclimate again. Planing only one side can cause 
moisture-induced warp.

Gauge and plan for seasonal movement 
Even after careful seasoning and milling, wood’s moisture 
content will continue to balance itself with the relative humidity 

getting started continued
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Photos, except where noted: Marc Vassallo; this page: Boyd Hagen

Three Bookcases
BUILDING BOOKSHELVES ]

When customers inquire about having a piece of furni-
ture made, it’s part of my job to ascertain what quality 
of furniture they’re looking for and to translate their 

desires into a dollar amount that will equal the time and materi-
als needed to complete the piece. The quicker the joinery and 
construction and the cheaper the materials, the less expensive 
the piece. The woodworker building furniture in his or her home 
shop faces this same dilemma. Regardless of your skill level, you 
must first decide how much time and materials are worth putting 
into a piece. 

Even if it’s a project that’s as straightforward as a bookcase, 
those considerations come into play. It’s also worth thinking about 

where the case will reside and what it will be used for, whether 
you want a simple piece that fits in most any room or an upscale 
design that fits well in a formal living room.

In this article, I’ll show how to make three variations of book-
cases: a simple but sturdy case made of premilled pine purchased 
at a home center; a case with adjustable shelves made from hard-
wood plywood with solid-wood facings and moldings; and a 
solid-wood case with elegant moldings and classic ogee bracket 
feet. I’ll leave it up to you to decide which case is the right one 
for your time, budget, and circumstance.

Philip C. Lowe runs The Furniture Institute of Massachusetts.   

B Y  P H I L I P  C .  L O W E

From simple to elegant, three 
approaches to building 
a home for your books
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You can build a simple, functional 
bookcase in no time using ¾  -in.-thick 

stock from a local home center. Look 
for 1-in. by 12-in. clear pine, the boards 
that have the fewest knots. Make sure 
the boards are relatively free of cup, bow, 
twist, and crook.

Locating the shelves on each side 
piece is crucial. To make sure the dadoes 
line up properly, stack the side pieces on 
top of each other and mark each shelf 
location on the edge of both boards. You 
can cut the shelf dadoes with a router, but 
I prefer to use a dado set on the tablesaw 
so I can dial in the width of cut. Adjust 
the width of cut to match the thickness 
of the shelves. Rearrange the dado set 
to cut a 5⁄16-in.-deep rabbet along the rear 
edge of each side to accept the plywood 

back. Lay out the decorative curves on 
the top and bottom of the side pieces 
using a compass or by grabbing a can, 
cup, or anything round that will form the 
shapes. Cut the curves with a jigsaw and 
clean them up with a file or sandpaper. 

Before assembling the case, sand all 
of the parts and test the fit. When you’re 
ready, run a bead of glue in each dado, set 
the shelves in place, drill pilot holes with 
counterbores, and drive in 15⁄8-in. coarse-
threaded drywall screws. Screwing the 
back into position will square the case as 
the glue dries.

Finally, glue and screw the backsplash 
above the back. Then plug the holes and 
trim the plugs flush. After a final sanding 
and the easing of all the sharp edges, the 
case is ready for finishing.

54 in.

28 in. 11 in.

Pine bookcase with classic lines

3 in.

12 in.

12 in.

10 in.
Plywood back, 1⁄4 in. 
thick by 273 ⁄8 in. 
wide by 453 ⁄4 in. 
long

Side piece is 
rabbeted 7⁄16 in. along 
rear inside edge to 
accept back and 
backsplash.

15 ⁄8-in. coarse-
threaded 
drywall screw, 
with half-round 
plug; use a 
plug cutter 
(right) to cut 
flush plugs.

8 in.

Backsplash, 
3 ⁄4 in. thick by 
51 ⁄4 in. wide by 
273 ⁄8 in. long, 
hides top edge 
of plywood 
back.

51 ⁄4 in.

Rabbets join 
backsplash cleanly 
to side pieces.

To avoid having too much of the side 
pieces overhanging the tablesaw 
top when cutting dadoes, work from 
each end toward the center.

DADOED SHELVES

Sides and shelves, 
¾   in. thick

Dadoes, 
¼   in. deep

Shelves, 
109⁄16 in. wide 
by 27 in. long

7⁄16 in.
DETAIL OF 
RABBET

b u i l d i n g  f u r n i t u r e  2 0 0 7 19www.finewoodwork ing.com
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Drawings: Bob La Pointe

Dressed-up plywood bookcase
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Side base piece, 3 ⁄4 in. 
thick by 5 in. wide by 
11 in. long, solid curly 
maple, with ogee-molded 
top edge

Bottom, 10 in. wide by 
29 in. long

Sides, 101/4 in. wide by 
421 ⁄2 in. long, including 
1 ⁄4-in.-thick solid curly-
maple facing on front

Shelf, 10 in. wide by 
281 ⁄2 in. long, including 
3 ⁄4-in.-thick solid curly-
maple facing on front

Subtop, 10 in. wide by 
29 in. long, rabbeted 
into side pieces

Front base piece, 3 ⁄4 in. 
thick by 5 in. wide by 
311 ⁄2 in. long, solid curly 
maple, with ogee-molded 
top edge

Ahardwood plywood bookcase with 
adjustable shelves is a versatile, 

attractive piece. Preparing a scale 
drawing—with full-size details of the 
dadoes, rabbets, facings, and mold-
ings—and selecting the right materi-
als will help the process move along 
smoothly and efficiently.

A good-quality sheet of 3/4-in.-
thick hardwood plywood won’t be 
cheap—the curly maple sheet I used 
cost about $200—but you’ll only 
need one piece for this case. You’ll 
need a couple of boards of solid 
wood for the facings and the base.

A tablesaw with a fine combina-
tion blade works well for cutting the 
parts from the sheet of plywood; it 
will leave edges with very few saw-
marks. Rough-cut the solid lumber 
to length and width. The parts for 
the base should be planed to their 
finished thicknesses, but the parts 
that will become the facings should 
be planed only to within 1⁄16 in. of 
their finished thicknesses. The fac-
ings will be scraped to the same 
thickness as the plywood after they 
are glued in place. When gluing the 
facings to the front edges of the sides 
and shelves, bar clamps and a long bat-
ten (strip of scrapwood the length of the 
shelf or side) will help you apply even 
pressure along the length. Once the glue 
has cured, cut away any extra length to 
even up the facings with the ends of the 
plywood pieces. Note that the extrawide 
facings applied to the top have mitered 
front corners.

Set a marking gauge to the thickness 
of the plywood, and scribe lines across 
the side pieces to locate the rabbets for 
the subtop. Scribe with a heavy hand 
so that the gauge will cut through the 
plywood’s face veneer. The scored line 
has the added benefit of helping to pre-
vent chipout as the rabbets are cut. Also, 
scribe lines across the sides to locate 
the dado for the bottom piece. 

Cut the rabbets and dadoes on the 
tablesaw using a dado set. Use shims 

to dial in the exact width of cut. First, 
cut the rabbets and dadoes in the side 
panels for the top and bottom. Next, cut 
grooves from top to bottom for the metal 
shelf standards and then rabbets along the 
rear inside edges for the back.

The construction of the carcase, prior 
to adding the molded top and base, is 
similar to that of the bookcase on p. 19, 
in that dadoes and screws are used, but 
only to connect the top and bottom to the 
sides. Before the top and bottom are glued 
and screwed to the sides, lightly sand the 
exposed surfaces to their finished state 
(be sure you don’t sand through the thin 

3/4 in.

Back, 
1/4 in. thick

Rabbet, 1/4 in. deep

Curly-maple facings, 
1/4 in. thick

Submolding, 
3/4 in. thick, 
hides fasteners.

Rear facing, 
1/4 in. thick

Molding, 3/4 in. 
thick by 1 in. wide

Glue block reinforces 
corner.

Top, 11 in. wide by 
32 in. long, including 
curly-maple facings 
for moldings

Submoldings, curly 
maple, glued to case
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hardwood veneer of the plywood). Now 
attach the top and bottom to the sides. 
Use 15⁄8-in. coarse-threaded drywall screws, 
countersunk to keep the heads of the 
screws below the surface. The screws will 
be covered by moldings.

The molded profile of the base is cut 
on the router table. It’s safer and more 
efficient to cut the profile in one pass in 
a larger piece of stock. After routing the 
profile, cut the blank into three pieces, 
miter the ends, and test-fit the joints at 
the front corners. Then lay out the curves 
of the bracket feet. I made a plunge cut on 
the tablesaw for the straight section of the 
front base piece and cut out the curves on 
the bandsaw. At the rear of the base (see 
drawing, bottom right), cut a stop dado and 
install a bracket to help prevent the foot 

from breaking off if kicked. Glue the base 
to the bottom of the carcase and then 
install glue blocks in the inside corner of 
the joints to add strength.

Using a router, shape the molding 
around the top piece into the extrawide 
facings that have been applied. The 
plywood top has molding on the front and 
sides, and a solid facing on the back. It’s 
safer to rout the molding profile after the 
strips have been glued to the top. The 
molded edge on the top piece itself is a 
cove and quarter-round, run with the 
quarter-round to the top. When molding a 
top with solid facings, it’s best to make the 

first cut across the left side, beginning 
at the front corner and working toward 
the rear. Make the second cut across the 
front, beginning at the right corner, and 
then the third cut across the right side, 
working from the rear to the front. This 
progression of cuts helps eliminate tearout 
at the corners. 

The narrow submolding applied just 
below the top should be shaped on a wider 
board. Then you can rip the thin molding 
from that board. I shaped the edge molding 
on the base and the top submolding with 
the same ogee bit (when applied, the sub-
molding is turned upside down). 

A plunge cut is the surest way to cut a straight line be-
tween the curves at either end of the base. First, raise 
the tablesaw blade and mark the fence at the blade’s 
farthest point. Retract the blade and position the base 
piece to the mark. Clamp a stop to the fence to avoid 

kickback. Now, carefully raise the blade through the 
base piece (left), then push the base piece across the 
blade. Finish by cutting out the curves at the bandsaw 
(middle). Glue and clamp the front and side base 
pieces to the carcase at the same time (right). 

CONSTRUCTION OF THE BASE

30 in. 101 ⁄4 in.

473⁄4 in.

21www.finewoodwork ing.com

Base hides 
fasteners.

Rear bracket 
is tenoned into 
base.

Plywood back 
fits in rabbets in 
the sides.
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 in. 
thick by 5 in. wide by 
11 in. long, solid curly 
maple, with ogee-molded 

Bottom, 10 in. wide by 

 in. wide by 
 in. long, including 

-in.-thick solid curly-
maple facing on front

Shelf, 10 in. wide by 
 in. long, including 

-in.-thick solid curly-
maple facing on front

Subtop, 10 in. wide by 
29 in. long, rabbeted 

 in. 
thick by 5 in. wide by 

 in. long, solid curly 
maple, with ogee-molded 

Glue block reinforces 

CASE-BACK DETAIL

FWSIP08BF_TS.indd   21 6/8/07   4:13:03 PM



Mahogany bookcase with a period pedigree

With its elegant bracket feet and dovetail joinery, this 
mahogany bookcase is more challenging to build. But 

in the end, you’ll have an heirloom piece that will last for 
generations. 

Locking the carcase together with dovetail joints makes for 
a solid foundation onto which to attach the top, back, shelves, 
and ogee bracket feet. I used lapped dovetails to attach the top 
stretchers to the sides and to attach the rear bracket feet to 
the ogee bracket feet. The bottom shelf connects to the sides 
with sliding dovetails.    

The face frame is of simple mortise-and-tenon construction. 
The top rail should be wider than the other pieces because a 
portion of it will be covered by the sub molding below the top. A 
face frame gives the bookcase front a substantial appear ance. 
The drawback is that books can get trapped behind the frame.

Begin by assembling the sides, stretchers, and bottom shelf, 
being sure to keep the case square. Next, apply the face frame 
to the front and filler frame at the bottom (the filler frame pro-
vides a mounting place for the bracket-feet frame). The filler 
pieces can be assembled with biscuits or mortise-and-tenon 
joints. Now assemble and attach the bracket-feet frame, which 
is a mitered assembly reinforced with splines. 

The ogee bracket feet added to this case certainly elevate 
its design. The feet are made from one long blank. First, mark 
the shape on the end of the workpiece. Rough out the concave 
area. Raise the sawblade to the height of the concave curve and 
then position the blank diagonally until the blade fills the curve. 
Clamp a straightedge to the table, parallel to the piece, lower 
the blade, and take very light passes, biting off no more than 
1⁄16 in. at a time. If the blade starts to sing wildly, the cut is too 
deep or the pass across the blade is too rapid. 

Once you’ve completed this series of cuts, remove the tempo-
rary fence and replace it with the regular fence. Angle the blade 
to 45° and set the fence so that the square corner at the top of 
the foot can be cut away by running the blank on its top edge. 
Then adjust the blade angle to 22½  ° and cut a second bevel, 
taking away the sharp corner of the angle you’ve already cut. Cut 
at this angle two more times, first with the blank lying flat on the 
table, profile down. The second cut is made with the fence moved 
to the left side of the blade and the blank run between the fence 
and the blade. For this final cut, raise the blade to remove the 
hard angle where the cove meets the round.

Once all the tablesaw work is completed, clean up the curves 
using handplanes, scrapers, and sandpaper. Now cut the blank 
into three lengths, each long enough for two halves of an ogee 
bracket foot. Each front foot is formed from two halves mitered 
together; the back feet each have an ogee-shaped half dovetailed 
to a flat rear bracket piece shaped with a simple curve. Miter-
cut four ends of the lengths for the front feet and leave two ends 
straight for the rear feet. Now glue the mitered sections together, 
dovetail the flat rear brackets to the ogee sections, then attach 
glue blocks to each section. You can then glue the feet to the 
mitered base frame.

Shiplapping is an excellent means of attaching solid boards to 
the back while allowing each board to move with seasonal chang-
es in humidity Determine the width of the boards by dividing the 
width of the opening by the number of pieces you prefer. I settled 
on six boards for this case. Each rabbeted board will hold down the 
board next to it if you position two screws (one at the top and one 
at the bottom) near the edge. Two screws will leave each board 
free to move seasonally. And if you’ve had books piled on the floor, 
the bookcase itself will provide you the same freedom!

MAKING THE OGEE BRACKET FEET

Cut the concave section first. Mark the profile on the 
end of the workpiece. Next, adjust the blade height and 
angle of the workpiece to match that profile. Clamp a 
fence to the table at the correct angle, lower the blade 
completely, and then raise it 1⁄16 in. per pass.

To shape the convex curve, set the blade 
at an angle. Make successive rip cuts, ad-
justing the blade angle each time. For stabil-
ity, be sure to use a tall auxiliary fence.

Refine the curves. At the bench, 
shape and smooth the curves, first 
with a plane, then with a scraper, and 
finally with sandpaper. When you’re 
finished, cut the sections to length.
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Top, ¾   in. thick by 
125 ⁄16 in. wide by 325 ⁄8 in. long

Attach the feet. Miter each section and 
glue the halves to each other, then the 
whole foot to the bottom of the case. 
Add glue blocks as reinforcement.

Stretcher, 
¾   in. thick by 
21⁄2 in. wide by 
293⁄4 in. long; 
lap, 5 ⁄8 in. long

Sides, ¾   in. thick by 101 ⁄4 in. 
wide by 441 ⁄2 in. long

Face-frame stiles 
and bottom rail, 
¾   in. thick by 
11 ⁄4 in. wide

Face-frame 
top rail, 
2 in. wide

Bottom, ¾   in. 
thick by 97 ⁄8 in. 
wide by 293 ⁄4 in. 
long

Ogee bracket 
foot

Flat rear 
bracket 
dovetailed 
into ogee 
section

Filler frame, 
3 ⁄4-in.-thick, 
screws to 
case bottom.

Bracket feet 
frame, ¾   in. 
thick by 3 in. 
wide, screws to 
filler frame.

Submolding, 
3 ⁄4 in. thick by 5 ⁄8 in. wide

3 ⁄4-in. by 3 ⁄4-in. 
glue block

Adjustable shelf, ¾   in. thick by 
97 ⁄8 in. wide by 281⁄2 in. long, 
has bullnose profile on front. Ship-

lapped 
back 
boards, 
3 ⁄8 in. 
thick by 
441⁄4 in. 
long

30 in. 11 in.

5 in.

¾   in.

Spline 
reinforces 
miters.

501 ⁄4 in.
Dovetail, 
5⁄8 in. long

Slotted screw 
hole at back

To allow for wood 
movement, glue 
front half of 
molding only.
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Sturdy Shelves

Everyone can use a few more shelves. 
Indeed, in many homes, an avail-
able shelf can be as difficult to find 

as the TV remote. So if you build a set of 
bookshelves, they’ll probably be filled as 
soon as the finish dries. 

Bookshelves can work in any room. You 
can make them free standing or built-in. 
They can be big or small. And they can 
take any form, from simple screwed-
together and painted plywood for use in a 
utility room, to sophisticated formal library 
shelves made from beautiful hardwoods. 

Shelves should look good
A successful bookshelf design must 
achieve a balance between appearance 
and function. A shelf with the perfect look 
might not be adequately strong. That often 
means making changes as you work out 
the design. 

A good approach is to start by writing 
out a wish list that summarizes your ideal 
shelf design. The list should include the 
shelf depth, determined by the width of 
the books or other cargo going on the 
shelf. Next, choose a shelf length (book-
case width). Then, choose a shelf thick-
ness—3⁄4-in. stock is readily available, but 
let your eye make the final determination. 
After that, decide if you want the shelves 
to be fixed, adjustable, or some of each. 
Finally, choose a joint or mounting system 
that offers the look you want. 

The design process is just beginning 
once you’ve worked out your bookshelf 
design “brief.” Now you must determine 

How to build 
shelves that won’t 

wilt under load

B Y  J E F F  M I L L E R
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Sturdy Shelves
if your initial choices will be strong 
enough. If not, you’ll have to make some 
design changes. But before we get to that, 
it helps to understand how a shelf reacts 
to load.

Sag is the main enemy
As the load on a shelf increases, the weight 
eventually reaches a point where the shelf 
bends, or sags. The same factors that af-
fect appearance also affect shelf sag: the 
thickness, width, and length of the shelf; 
the wood species used; and the method 
used to mount the shelf. 

As a general rule, our eyes won’t no-
tice sag if it’s less than 1⁄32 in. (0.031 in.) 
per foot. With time, even if the contents 
don’t change, a shelf’s initial sag could 
increase by 50% or more as the wood re-
laxes. Wood engineers call this “creep.” To 
be safe, design shelves to limit any ini-
tial sag to no more than 0.02 in. per foot 
under a load of full-size books (see chart, 
below right). 

In extreme cases (loading a bookcase 
with your anvil collection, for example), 
shelves can deflect so much that the wood 
actually fails. This is not a common worry. 
More common, especially on long shelves, 
is that sag causes the effective length of the 
shelf to become shorter, causing it to slip 
off the shelf supports. Or, too much weight 
on a long shelf can cause some adjustable 
shelf supports to crush the wood fibers in 
the case sides. As a result, the supports tilt 
downward. 

Fixed vs. adjustable
The method used to mount a shelf affects 
how much it will bend under a load. All else 
equal, a fixed shelf will bend less than an 
adjustable shelf. That’s because on a well-
secured fixed shelf, the ends resist both 
tilting and being pulled inward by the sag 
(see pp. 26-29 for fixed- and adjustable-
shelf options).

Be aware that fixed shelves aren’t im-
mune to failure. With enough weight (per-
haps adding your spouse’s anvil collection 
to your own on the same shelf) and its 
consequential sag, even fixed shelves can 
fail at the ends. When that happens, the 
shelf curves and effectively shortens, the 
ends pull free, and everything can head 
south in a hurry.

Jeff Miller builds furniture and teaches 
woodworking in Chicago.

You don’t need to guess at how much a shelf 
is going to sag. The chart below provides a 
quick way to determine if a shelf will be sag-
free. If the chart doesn’t work for your shelf, 
you can use the Sagulator, an online program 
that makes it easy to determine sag. Both the 
chart and the Sagulator assume unfixed shelf 
ends. Fixed ends sag less.

The chart is easy to use. It provides the 
maximum shelf-weight limits (in pounds per 
foot) and works for most designs. You need to 
know the thickness of the shelf (¾   in. or 1 in.) 
and its length (24 in., 30 in., 36 in., or 42 in.).

If the expected load exceeds the 
weight limit shown in the 
chart, you’ll have to 
make compromises. 
To do that, use 
the Sagulator 

(www.finewoodworking.com/sagulator). 
An answer of more than 0.02 in. per foot of shelf 

means you need to put less load on the shelf; use a 
stronger wood; make the shelf thicker, wider, or short-
er; or add wide edging. With the Sagulator, you can 
adjust those values and calculate a new sag number.

Approximate shelf loads
Hardcover books (9 in. by 11 in.): 20 lb. per ft. 
Magazines (9 in. by 11 in.): 42 lb. per ft.

The eye can detect 
shelf sag as slight as 
1⁄32 in. per foot.

A severely sagging 
shelf may slip off its 
supports.

Design shelves for maximum load

  SHELF WEIGHT L IMITS (pounds per foot*)

TYPE LENGTH

Species Thickness 24 in. 30 in. 36 in. 42 in.

RED OAK

¾   in. 49 21 9 5

1 in. 116 47 23 12

¾   in. with 2-in. edging 112 47 21 12

POPLAR

¾   in. 42 17 8 4

1 in. 101 41 20 10

¾   in. with 2-in. edging 97 39 20 10

EASTERN 
WHITE PINE

¾   in. 33 14 6 3

1 in. 74 32 15 8

¾   in. with 2-in. edging 76 32 14 8

FIR 
PLYWOOD

¾   in. 32 13 6 3

¾   in. with 2-in. edging** 96 39 18 9

MDF
¾   in. 9 4 2 1

¾   in. with 2-in. edging** 73 30 14 7

Material
makes a difference.
Some shelf materials resist 
sag better than others. Red 
oak is one of the better ones, 
eastern white pine less so. 
MDF makes a weaker shelf. 

*Based on 11-in.-wide shelves   **Edging is red oak; other edgings are the same wood as the shelf.
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Fixed shelves attach to the sides of a case with either wood joinery, 
hardware, or a combination of the two. Unlike adjustable shelves, fixed 
shelves help strengthen the entire case. And because they are attached to 
the case sides, fixed shelves sag less. 

Fixed shelves sag less 
and strengthen the case

DADO
Strength: Good

Appearance: Good (excellent if using a 
stopped dado—one that’s not exposed at the 
front—or if covered by a face frame)

A dado joint houses the ends of the shelf 
in a long notch, providing some mechanical 
strength. But a dado joint connects mostly 
porous end-grain surfaces, and adding 
glue increases the strength only nominally. 
The attachment strength of a shelf can be 
improved by combining Confirmat screws 
(right) with either a dado joint or a rabbeted 
dado joint. The screws pull the ends of 
the shelves into the dado, while the dado 
shoulder (or horizontal surface) adds strength 
against shear.

SPECIAL 
SCREWS ADD 
STRENGTH
I’m not a fan of screwing 
shelves in place with the 
typical tapered wood screw. 
They rarely hold up long-
term. That said, I have found 
a specialized screw that 
works much better. Called 
a Confirmat screw, it has a 
thick body with sharp, deep 
threads. It’s mainly used with 
particleboard, melamine, 
and MDF, but it also holds 
well in solid wood. When 
used in a dado or a rabbeted 
dado, the joint strength is 
excellent. Confirmat screws 
require a pilot hole and a 
shank hole. A special bit 
is available that does the 
drilling in one step (see 
“Sources of Supply,”
 p. 29). 

Rabbeted dado starts with a dado. A T-square jig helps cut 
a dado across the side. The slot in the jig is just wide enough to 
accept the bearing of a top-mounted bearing-guided straight bit.

Mark and cut the rabbet. First, mark 
the rabbet location on the end of the 
shelf (left), then use a bearing-guided 
rabbeting bit to cut the rabbet (above).

RABBETED DADO
Strength: Good

Appearance: Good (excellent if using a 
stopped dado or if covered by a face frame)

A minor variation on the dado joint is to 
rabbet the ends of the shelf to fit into a 
narrower dado. The main advantage is the 
ability to fit the joint more easily, especially 
if the shelf thicknesses are inconsistent.
This joint is useful when working with 
hardwood plywood, which typically measures 
less than ¾   in. thick. In this case, a dado 
cut by making a single pass with a ¾  -in.-dia. 
straight router bit ends up too wide. However, 
with a rabbeted dado, you cut a narrow dado 
first, then cut the rabbet for a perfect fit.

drilling in one step (see 
“Sources of Supply,”
 p. 29). 

stopped dado or if covered by a face frame)

ability to fit the joint more easily, especially 

hardwood plywood, which typically measures 

-in.-dia. 
straight router bit ends up too wide. However, 
with a rabbeted dado, you cut a narrow dado 
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J IG AL IGNS 
BISCUITS 
ACROSS SHELF
This plywood jig helps to 
align biscuits accurately 
across the bookshelves. The 
plywood cleat keeps the end 
of the fence square to the 
side. Mark centerlines for 
the slots on the end of the 
fence. After cutting each set 
of shelf slots, cut the fence 
to a shorter length. Toss the 
jig when done.

Clamp and cut. Clamp 
the jig to the case. Cut one 
set of slots, then use the 
jig to cut the same slots 
on the other side. Crosscut 
the fence to the next shelf 
position, and repeat until all 
slots are cut. 

BISCUITS
Strength: Fair

Appearance: Excellent

It’s easy to fix a shelf in place using 
biscuits. And, because the biscuits are 
hidden when assembled, there is no 
joinery, support parts, or hardware to 
distract the eye. Use at least two 
biscuits on each end of the shelf. Add a 
third if there’s room. The jig shown at right 
is a good one to use here because it helps 
to align the biscuits horizontally from one 
shelf side to the other. 

SLIDING DOVETAIL
Strength: Excellent

Appearance: Very good (excellent if 
stopped or covered by a face frame)

A sliding dovetail adds considerable 
mechanical strength, but sliding a 
10-in.-long dovetail into a tight-fitting slot 
before the glue sets up is a challenge. 
Using a fairly slow-setting epoxy glue will 
help considerably. Epoxy is a slippery glue 
that helps get this type of joint together 
without excessive expansion and stress.

SCREWED CLEATS
Strength: Very good

Appearance: Fair 

Screwed cleats let you add shelves without 
too much fuss, but they come up a little 
short in the appearance department. With 
the exception of the hole closest to the 
front, all of the holes in the shelf should be 
slotted to accommodate wood expansion. 
For the same reason, if you wish to glue 
this joint, bear in mind that you should 
glue only the front inch or so. 

biscuits. And, because the biscuits are 

biscuits on each end of the shelf. Add a 
third if there’s room. The jig shown at right 
is a good one to use here because it helps 
to align the biscuits horizontally from one 
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Adjustable shelves make it easy to change the spacing as needs change. But there is 
a structural cost: These shelves do nothing to hold the cabinet sides together. So, on 
taller bookcases, it’s a good idea to have one fixed shelf to help anchor the case sides. 

Adjustable shelves 
add versatility

Strength: Good (very good with sleeves)

Appearance: Good

Shelf pins come in a wide variety of 
shapes, sizes, materials, and finishes. 
My favorites are the machined solid 
brass ones from Lee Valley. I also like 
the very small round pins by Häfele for 
smaller cases. Shelf pins also come 
with special clips for securing the 
shelves or for holding glass shelves. 
Sleeves are a great way to recover from 
poorly drilled holes. Stamped sleeves 
(short tubes with a flared and rounded-
over end) tend to look like shoelace 
eyelets when installed in a cabinet. 
Solid brass machined sleeves look 
better, even though they accentuate 
the row of holes in the case sides 
somewhat. Some sleeves are threaded 
for specially threaded shelf pins. 

Strength: Good

Appearance: Very good

These bent-wire supports fit 
into holes drilled in the case 
sides. A stopped kerf cut in 
the ends of the shelf slips 
over the support, hiding the 
hardware. Structurally, this 
means the end of the shelf is 
thinner. This affects the shelf’s 
shear strength, but will have 
little effect on preventing sag.

Sleeve adds refinement and 
strength. You can improve both the 
appearance and strength of a shelf pin 
simply by slipping a brass sleeve into 
the pin hole.

A J IG FOR PIN HOLES

HIDDEN 
WIRES

SHELF P INS

Shelf-pin holes in a jiffy. Thanks to this shop-
made jig, Miller quickly drills shelf-pin holes 
that are the same depth and perfectly spaced.
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Strength: Very good

Appearance: Very good 

Wooden shelf standards have 
been around in various styles for 
generations. They are easy to 
make and add an interesting look 
to almost any bookcase. The style 
shown in the top-left photo (I call 
it zig-zag) is one of the more 
common forms. 
   Another style (I call it half-moon) 
is shown in the lower left photo. 
To make a pair, you’ll need a piece 
of stock that’s at least double the 
width of each standard. Scribe a 
lengthwise centerline along the 
stock, then lay out the shelf spacing 
by making evenly spaced marks 
along the centerline. Use a spade bit 
or a Forstner bit to drill a through-
hole at each marked centerpoint. 
Finally, using a tablesaw, rip the 
stock down the middle. The net 
result is a pair of standards, each 
with a series of half-moon shapes.
   Make the cleats just loose enough 
to slip in and out with ease.

SOURCES 
OF  SUPPLY

HÄFELE
www.hafele.com; 800-423-3531

LEE VALLEY/VERITAS
www.leevalley.com; 800-871-8158

MCFEELY’S
www.mcfeelys.com; 800-443-7937

ROCKLER
www.rockler.com; 800-279-4441

WOODEN 
STANDARDS

Strength: Very good

Appearance: Fair 

It’s hard to beat metal shelf standards 
for ease of installation. Just run a pair of 
grooves down each side of the case, and 
nail, staple, or screw the shelf standards 
into place. Shelf supports usually just 
hook into place, although one new 
version has brass support pins that 
screw into threaded holes in the brass 
standards. In general, shelf standards 
seem out of place on finer furniture. 
But they are great for utilitarian pieces, 
and even in larger bookcases, where 
any support system will be pretty much 
invisible once the shelf is full of books.

METAL 
STANDARDS

ZIG-ZAG SUPPORT 
IN THREE STEPS
1

2

3

Start with stock wide enough to 
make four standards. Using the 
tablesaw, make a vertical cut at 
each shelf location (1). An auxiliary 
miter-gauge fence with a location 
pin in front (much like a finger-joint 
jig) makes it easy to position the 
stock for subsequent cuts. Follow 
with 45º cuts (2) after relocating the 
location pin. Remove the triangular 
waste piece, then clean the 
resulting flat with a chisel. Rip the 
stock to create four standards (3). 
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COMFORT A 
CRITICAL FACTOR

Overall table height, 
legroom below the 
apron, overhang on 
the table ends, and 
the space allotted for 
each diner should all 
be considered when 
designing a dining table.

29 in.

29 in.

25 in.

TABLE SIZE AND 
SEATING CAPACITY

While 29 in. of elbow 
room per person is ideal, 
it’s not always possible. 
These examples give an 
idea of how many people 
fit comfortably around a 
given table size.

A well-proportioned table offers 
both comfort and style

B Y  G R A H A M  B L A C K B U R N

Table Design
he original and quintessential func-

tion of a table is to provide a flat sur-
face for writing, playing games, eating, 

or working. And the form of any given 
table may be as varied as these uses. So it is 
of the utmost importance to be clear at the 
outset about the requirements of the table 
you intend to design, whether it’s a small 
coffee table or large dining table. There are 
not only structural requirements—so that 
the table can do its intended job—but also 
ergonomic requirements. The most exqui-
site dining table will be a failure if it proves 
too small to seat diners comfortably.

Attention to function is absolutely the 
designer’s first responsibility. Familiarize 
yourself with tables designed for similar 
functions, and note features designed for 
specific purposes, such as sturdy legs for 

18 in.

1

3

4 36 in. 2

1

34

48 in.
25

1

34

60 in. 25

6

1

3

4 2

1

38

2

47

6 5

1

12

2 3

11

10

4

5

6

9 8 7

30 in. by 48 in.

1 2

4 3

36 in. by 72 in.

1 3

DINING DIMENSIONS
While it’s important to make sure a table 

is sized to fit its intended space, these 
dimensions will get you close to a design 

that gives people elbow room.
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36 in. 48 in. 60 in.

T

2
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heavy loads, drop or draw leaves for tables 
that must expand, lipped tables designed 
to prevent objects from falling off, and 
drawers or shelves for storage. A reference 
such as Architectural Graphic Standards
by Charles Ramsey and Harold Sleeper 
( John Wiley & Sons, 1998) is a useful place 
to explore table types by function and a 
basic reference for dimensions.

While your own experience and tools 
will dictate to a large extent how any given 
table is constructed, resist the impulse to 
build only what you are comfortable with. 
It is worth researching a new technique or 
a new joint for better function or a more 
pleasing shape.

At the same time, don’t get carried away 
by the urge for novelty. Use appropriate 
species, relevant construction methods, the 

16 in. 
to 

18 in.

25 in. 
to 

27 in.

WRITING TABLE COMPUTER TABLE

29 in. 
to 

30 in.

26 in. 
to 

27 in.

Keyboard, 
3 in. to 4 in. 
below tabletop

WORKTABLES
The height of a table is critical to someone 
who spends hours working at it.

TABLE-HEIGHT GUIDELINES
Although there are endless possibilities regarding style, shape, 

ornamentation, and proportion when designing furniture, 
start with proven dimensions suited to the 

function the piece will serve.

right joint for the job—dovetail, mortise 
and tenon, dowels, biscuits, etc.—and a 
finish consistent with the intended use.

Legs set the style
To a great degree, all tabletops are the 
same. They’re flat and intended to support 
something. While the wood species, the 
edge treatment, and the apron certainly 
can make stylistic statements, the legs 
most clearly establish a table’s function 
and style.

It is possible to discern the function of 
the table by looking at the legs. Four heavy 
legs joined by a horizontal stretcher tell us 
that this is a library table intended to sup-
port a load of books. Light and gracefully 
tapered legs that focus attention on the 
tabletop, as if it were floating, suggest that 

this may be a hall table for the display of 
some precious ornament.

Legs are frequently the key to identify-
ing a table’s style. For example, a Queen 
Anne table’s top and apron are typified by 
restrained ornamentation. It is the cabriole 
legs that allow us to recognize the style. 
The same is true of the Shaker style, whose 
simple and efficient legs carry their load 
with no ornamentation or excess weight. 
And the Art Deco tables designed in the 
1920s by Émile-Jacques Ruhlmann cast 
away traditionalism in favor of legs with 
sensuous curves. 

Tie all elements together
Given that the functional requirements 
have been satisfied, and that the construc-
tion is sufficiently workmanlike, the most 

OCCASIONAL TABLES
A coffee table should afford views across a room, while an 
end table should be a convenient height to someone seated 
in an armchair or sofa.

COFFEE TABLEEND TABLESOFA TABLE

21 in. 
to 

24 in.
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Starting with a 1-in.-thick 
tabletop, for example, you might 
construct legs that measure 
2 in. sq. and an apron that is 
3 in. deep. Relating all 
dimensions to a common unit, 
either in multiples or regular 
increments, provides the table 
with an implied pattern that 
unifies components without 
being immediately apparent 
to the eye.

The Golden Mean is 
the ratio of 1 to 1.618, 
represented by the Greek 
letter phi (φ). A tabletop 
might be designed so that 
its long side was 1.618 
times longer than its 
short side. The ratio 
might also be used to 
determine the dimensions 
of the various parts of a 
table. The apron might 
be φ times the width of 
a leg, the leg φ times the 
thickness of the tabletop.

THREE PATHS TO 
PLEASING PROPORTIONS

A design rationale is crucial to building tables with 
pleasing proportions. The three described below are 

proven approaches, but others are possible.

REPEATING GEOMETRIC SHAPES 
PROVIDE ORDER

Squares, cylinders, cubes, circles, ovals, 
or ellipses can be used to define both the 
overall shape and the details of a table, 
providing it with a repeated pattern that 
unifies the whole structure.

End profile 
is a square.

Top is proportioned 
from multiple squares.

Circles Cylinder

Component 
dimensions 
based on 1-in. 
progression

1 in.

3 in.

2 in.

A NUMBER PROGRESSION IS A SUBTLE DESIGN DEVICE

Overall dimensions 
based on multiples 
of 10

60 in.
20 in.

30 in.

CLASSICAL PROPORTION SYSTEM PLEASES THE EYE

A

D

C

D

C

A = tabletop thickness
B = A x φ
C = B x φ
D = C x φ

B

30 in.

30 in. x 1.618 = 48.5 in.

30 in.
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striking feature of any table is how well 
it fits in with its surroundings. This can 
mean designing in an established style 
such as Queen Anne or Arts and Crafts, or 
designing so that the general proportions, 
shapes, and colors are compatible with 
neighboring pieces. Compatibility can re-
sult from similarity or contrast. A severely 
modern design might fit very well with 
the relatively simple lines of a room full 
of Shaker furniture, but might look un-
comfortably out of place in a room fur-
nished in a ponderous Gothic or an ornate 
18th-century style.

Designing in a particular period style can 
be difficult. It is not enough to employ su-
perficial features of a period to achieve the 
right feeling. Slapping cabriole legs onto 
a table, for instance, does not guarantee 
that it will look “Chippendale.” Arts and 
Crafts furniture is not as uncompromising-
ly rectilinear as it may appear. And Shaker 
furniture, for all its apparent simplicity, is 
often surprisingly sophisticated in its pro-
portions. Incorrect details can produce 
ludicrous and unhappy results, similar to 
applying a distinctive Rolls-Royce hood to 
a Volkswagen Beetle. 

Before attempting to design a table in 
a period style, understand the typical 
construction techniques, the common 
materials, and the forms that governed 
the proportions. This last point—forms 
that govern proportions—is more impor-
tant than almost anything else. The term 
simply means that, functional and struc-
tural requirements aside, some method 
has been employed to decide on all the 
dimensional details of your table. Making 
decisions about the exact width of a leg 
or the depth of a skirt or apron based on 
structural requirements alone may guaran-
tee solid joinery, but your table may not 
look as balanced and graceful as it could 
if designed according to some plan.

There are, in fact, numerous paradigms 
commonly used by designers, some ex-
ceedingly simple, others sophisticated. You 
may, indeed, invent your own paradigm or 
plan—the point is that using virtually any 
plan is better than making decisions about 
exact dimensions based on nothing more 
than what material is conveniently at hand, 
or what size router bits are available. 

Graham Blackburn is a furniture maker 
and publisher of Blackburn Books (www.
blackburnbooks.com) in Bearsville, N.Y.

SIMPLE
LEG AND APRON
CONSTRUCTION

For lighter-duty tables, 
the apron-to-leg 
joint (above) is stiff 
enough, and provides 
a light, graceful look. 
Stretchers add both 
physical and visual 
sturdiness to tables 
that bear heavier 
loads (right).

TWO OTHER TIME-
HONORED SYSTEMS

Dining tables must 
provide room for people 
to sit. Both the trestle 
and pedestal designs 
accomplish this by 
minimizing the number 
of table legs. The legs of 
trestle tables typically 
are set in from the end, 
making room all around 
for chairs.

LIGHT-DUTY TABLE

LIBRARY TABLE

TRESTLE TABLE

PEDESTAL TABLE

Apron-to-leg 
joinery

Center 
stretcher

Side stretcher

Breadboard 
ends help keep 
the tabletop 
flat.

Trestle at 
each end 

Center 
stretcher

Curved 
apronCenter 

column

Base

33

TABLE-BASE OPT IONS
Not only must legs be appropriately sized 

to support the tabletop, they’re usually the element 
that makes the strongest design statement.
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The life of a table is not easy. Legs get kicked; the table 
gets pushed and pulled across uneven floors, leaned 
against, and sometimes even sat upon. To make matters 

worse, the very nature of wood adds to the stress. As the tabletop 
shrinks and swells with seasonal changes in humidity, the move-
ment works against the integrity of the table’s structure. All that 
stress is felt in the leg-to-apron joint (above), which holds a table 
together and gives it rigidity. When the leg-to-apron joint fails, 
the table falls apart.

Build sturdier tables by beefing up 
the basic mortise and tenon
B Y  G A R R E T T  H A C K

Strong Joints

Photo, this page: Michael Pekovich

BUILDING TABLES ]

Leg-to-apron joints must withstand three different kinds of 
stresses: shear, bending, and twisting. Shear stress is caused by 
a vertical load directly above a joint, such as when someone sits 
on the corner of a table. Leaning heavily on the top of a table 
midpoint above the apron causes the joints to undergo a bending 
stress that tries to lever them apart. Shoving the table sideways 
or bumping against a leg gives the joints a mixture of twisting 
forces. Also, as a tabletop that is fastened too tightly to the apron 
expands or shrinks, it can try to twist the joints. 
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The best defense against these stresses is a well-designed, tight-
fitting mortise-and-tenon joint that locks apron to leg. The mortise 
and tenon is not only a good joint for tables, but it’s also widely  
used in the construction of all types of furniture, including cabinet 
doors and chairs.

Make tenons as thick and as long as possible
When deciding on the sizes of joinery components, the key is 
to attain a workable balance. Too large a mortise, and you risk 
weakening the leg; too skimpy a tenon, and you lose glue and 
mechanical strength. Ideally, you want the tenon to be as big as 
possible, with the joint located to maximize the mechanical con-
nection. That means the shoulders on both sides of the tenon 
(which butt against the leg) must be substantial enough to resist 
bending and twisting forces. 

When laying out the size and placement of tenons, a full-scale, 
top-view drawing will help you understand the orientation and 
relationship of all the parts and will help as you cut the joints.

Thicker tenons are better—You want the tenon to be as thick 
as possible. A good rule of thumb is to size the tenon thickness 
a little more than one-third the thickness of the apron. While the 

making a haunched mortise

Chisel the sloped 
section of the 
mortise by hand.
This area, called the 
haunch, helps prevent 
twisting. When chisel-
ing, leave the table 
legs long to keep 
them from splitting 
near the top.

Check the results using a small shopmade template. The template, cut 
to the angle of the haunch, makes it easy to check your progress as you 
chisel the top of the mortise.

Use a plunge router with a fence. The plunge router will allow you 
to creep up on the full depth of the mortise by taking light passes. The 
fence will ensure accurate alignment of the mortise with each pass. For 
efficiency, size the mortise to a straight bit in your collection.

1

one-third rule is a good general guide to follow, sometimes it’s 
better to make exceptions. If I’m building a table out of a soft-
wood, such as butternut, with aprons only 3⁄4 in. thick, I make 
the tenons at least 5⁄16 in., maybe even 3⁄8 in. thick. Any smaller, 
and a sharp bump to the leg might snap the tenon right off. Be-
cause you rarely see the thickness of an apron, one good design 
strategy is to make it thicker—7⁄8 in. or 1 in. will provide larger, 
stronger shoulders.

Long tenons provide more glue surface—When it comes to 
tenon length, you want to create as much strong long-grain glue 
surface as you can. Naturally, a longer tenon has more glue surface 
along its cheeks (the wide faces of the tenon) and provides more 
mechanical strength to the joint. As a general rule, the longer the 
tenon, the better, assuming the leg it mates with can accommodate 
it without risk of damage. A tenon that’s three to four times longer 
than its thickness is quite adequate. 

Shoulders resist bending forces—When designing a mortise-
and-tenon joint, look to create shoulders that are as large as pos-
sible and to have a shoulder on each side of the tenon (rather 
than one side only). Such a design is better suited to resisting  
bending stresses from either direction. The shoulders have the 

2

3
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added benefit of covering any bruised edges on the mortise that 
result from cutting the joint.

Centered tenons are ideal but not always practical—One 
engineering principle states that the stress on any part is least 
along the centerline or neutral axis. A centered mortise and tenon 
is strong because it leaves plenty of wood on both walls (sides) of 
the mortise and creates substantial shoulders on the tenons. But a 
centered mortise and tenon does not always work visually. 

Deciding on the exact placement is a judgment call that var-
ies with each project. The farther to the outside of the leg you 
position a mortise, the longer the respective tenon will be. Too 
far out, though, and the mortise wall will be more vulnerable to 
splitting under stress. To maximize the tenon length in such situ-
ations, I often design the joint so that the tenons meet inside the 
leg. I have butted tenons together, but doing so makes one tenon 
shorter than the other. I prefer to miter the tenons within the joint 
(see drawing,  left). This is easy to do, and it can add 15% to 20% 
more glue surface and length to the tenons.  

Haunched tenon stabilizes the top of the joint
A tenon the full height of the apron affords lots of glue surface and 
strength against bending and twisting forces. But there’s a trade-
off: A full-height mortise 
weakens the leg, especially 
if there are two mortises at 
the corner of the leg, and 
serious stress on the apron 
can more easily split the 
top of the leg. 

A simple solution is to 
shorten the tenon at the 
top by 3⁄4 in. to 1 in. or so 
and cut an angled haunch 
near the top shoulder. This 
design leaves material at 
the top of the mortise, 
which makes for a stron-
ger joint. 

I cut the haunch with 
a dovetail saw and then 
clean it up with a chisel 
(see photos, facing page). 
For speed and accuracy, I 
mark out the haunch on 
the tenon using a template. After cutting the mortise for the tenon, 
I use another angled template to guide the chisel as I cut the 
haunched area. Because I cut many of my mortises with a router 
bit, I keep the top of the mortise below the haunch round for a 
small measure of added strength. Also, a small 1⁄8-in. shoulder at 
the bottom of the apron tenon will hide any small inaccuracies 
in cutting the mortise, and it allows for vertical alignment when 
the table is assembled. 

Adjust the fit and use glue sparingly
The best design and the strongest glue won’t overcome a joint 
with carelessly fit shoulders or a sloppy fit between tenon and 
mortise. Even when I cut these joints with accurate machine 
setups, I still often find it necessary to improve the fit with a few 

a sturdy leg-to-apron joint

Haunched tenon 
resists twisting 
and avoids splits 
at top of leg.

Square pins, 
rounded 
over to make 
dowels, 
provide a 
mechanical 
lock.

Chisel the routed 
mortise square at 
the bottom.

Square the 
openings of 
the pin holes 
with a chisel.

Locate the tenon near 
the outside face of the 
apron to maximize its 
length.

Leave a small 
gap for glue 
between 
mitered 
tenons. 

Tenon should be a little 
more than one-third the 
thickness of the apron.

Length of the tenon 
should be three to four 
times its thickness.

Leave the leg 
long and trim 
to size after 
mortising.

Offset the 
pin holes 
to avoid 
splitting the 
leg.

Small shoulder at the 
bottom ensures a 
clean line at the joint.side view

Top view

Glue only the top 
of the tenon.

wide aprons need a break
A mortise longer than 4 in. or so 
can threaten the structural integrity 
of a leg. A break in the middle for 
a haunched tenon alleviates that 
problem but still keeps the apron 
from twisting.

Stub

Elongate the bottom hole 
to allow movement.
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Tenons on the tablesaw. With the workpiece firmly clamped against 
this tenoning jig, the tablesaw can cut tenons cleanly and accurately.

Handwork is fast and accurate enough. A dovetail saw makes quick work 
of trimming the angled haunch and mitering the ends of the tenons.

Template simplifies 
layout. Mark out the 
angled haunch on the 
tenon using a template.  

F itt ing the tenon to the mortise

passes of a shoulder plane or a chisel. I want the shoulders to fit 
tightly over their entire surface and the tenon to slide into place 
with a minimum of force for a good glue bond.

Part of the long-term strength of the joint is the snugness of the 
fit, or what I call its mechanical strength. Glue adds strength, but 
how long does a glue bond last? By its very nature, a mortise-and-
tenon joint has wood fibers running cross-grain to one another, 
which weakens the bond. Flexible modern glues can accommo-
date some of this movement.

Before gluing, I always dry-fit and clamp the parts together to 
discover any problems that may arise while there’s still time to 
solve them. To ease assembly, I chamfer the ends of each tenon. 
Glue-ups can be stressful, but it is worth taking care to place the 
glue so as to avoid drips and oozing joints that would be a head-
ache to clean up later. With a thin stick about half the width of 
an ice-cream stick, I apply a light amount of glue into the mortise 
and on both tenon cheeks. The flat edge of the stick is perfect 
to squeeze out the glue in a thin, even layer. Another trick that 
works well is to cut a light chamfer around the mortise to contain 
any squeeze-out. Ideally, the joint should slip together under light 
clamping pressure.

For large tables and for peace of mind, I often pin the leg-to-
apron joints. I use a hard, straight-grained wood such as rose-
wood, ebony, or maple for the pins. A contrasting wood can add 

a pleasing visual detail, and two small pins are stronger than one 
large one. Most often, I drill holes for the pins after gluing and 
drive them in either from the outside or inside of the leg, depend-
ing on whether or not I want them to show.

A woodworking teacher and professional furniture maker, Garrett Hack is a 
contributing editor to Fine Woodworking.

Pins are an insurance policy. Small hardwood pins will hold the joint 
tightly, even if the glue fails. Hack leaves the outside end of the pin 
square and holds it with a wrench as he hammers it home.

gluing and 
pinning 
the joint
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Attaching a top to its base is a critical aspect of table design 
and construction. Regardless of the method you choose, it 
should meet the following criteria: The top must be firmly 

attached to the base; the top must remain flat; a solid-wood top 
must be allowed to move seasonally; and the attachment method 
shouldn’t compromise the design of the table or complicate its 
construction. I’ll describe four ways of attaching a tabletop that 
meet these requirements, along with the reasoning behind each 
method.

The most important factor to consider when deciding how to 
attach a tabletop is wood movement. We all know that solid wood 

Four ways to secure 
a top to its base

B y  M a r i o  r o d r i g u e z

Attaching 
Tabletops

Drawings: Michael Gellatly

Because a demilune table often is 
placed against a wall or locked to 
a larger section of a table, the top 
should be secured at the rear so 
the wood expands toward the front.

Secured at the center

On a table with an overhang that will be 
used from all sides, pin the tabletop at 
the center of both end aprons. Secure 
the top to the long aprons in a way that 
allows for seasonal movement.

Attach the 
top securely 
here.

Attach to allow 
for movement 
here.

Secured at the Back

Controlling wood movement
While you cannot prevent a solid-wood tabletop from moving seasonally, you can direct this movement so that it doesn’t disrupt the 
looks or the use of the table. Below are examples of how to secure the tabletop to the frame to control expansion and contraction.

building taBles ]
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Pocket holes

t his is probably the old-
est way of attaching a 

tabletop. Drill a 1/2-in. flat-
bottomed pocket hole at a 
10° angle into the apron. 
then drill a smaller pilot hole 
(to accommodate the shank 
of a #8 wood screw) into the 
center of the pocket hole.

common on antique furniture, pocket holes make no 
allowance for wood movement, which may explain the 
number of cracked and split tabletops. on small solid-wood 
tops (up to 9 in.) or veneered plywood tops, pocket holes 
can be the only attachment method. on larger pieces, they 
should be limited to areas needing restricted movement. 

Pocket-hole jig. Construct a small jig to hold the apron at ap-
proximately 10º while drilling pocket holes with a Forstner bit. 

A hole in the 
pocket. Drill a 
smaller-diameter 
pilot hole for the 
screw that will be 
driven into the 
tabletop. 

Secured at the Front

If one side of a table is going to 
be used more than the others, 
secure that edge to the apron 
and confine seasonal movement 
to the opposite edge. 

moves seasonally across the grain. It’s a fact; you can’t do anything 
to stop it. In the summer, a board will expand across its width 
because of an increase in humidity. During cold months in a dry, 
heated room, the same board will shrink and become narrower. If 
no allowance is made to control or direct this seasonal movement, 
a tabletop might buckle, or worse, crack and split.

When calculating how much a board will move, I usually allow 
from 1⁄8 in. to 3⁄16 in. for every 12 in. of width. Therefore, I would 
anticipate that a 42-in.-wide tabletop might move about 1⁄2 in. 
overall. This is only a general guide, and certain factors must be 
taken into account. For instance, in parts of the country with low 
humidity, wood movement might be minimal. 

Another factor is the type of wood you’re using: Cherry moves 
less than white oak but more than mahogany, while flatsawn 
wood moves more than quartersawn. For more on this subject, 
read Understanding Wood by R. Bruce Hoadley (The Taunton 
Press, 2000).

Once you accept that the tabletop will move, you can control or 
direct this movement so that it doesn’t disrupt how the table works 
or looks (see drawings, below). For a freestanding table with a 
uniform overhang, I anchor the top to the base at the center of the 
end aprons. That way, any cross-grain movement will occur evenly 
along each long-grain side. On a demilune (half-round) table, I 
pin the back edge of the top, which typically is placed against a 
wall. Conversely, on a writing table I might fix the top along the 
front of the table so that movement occurs toward the rear.   

For this article, I have illustrated four methods of securing a table-
top. The methods are listed by ease of installation, starting with 
the simplest. The hardware for two of the methods can be pur-
chased relatively cheaply from hardware catalogs, while the rest 
can be made from shop scrap. This is a low-budget process.

A longtime woodworker and teacher, Mario Rodriguez builds furniture and 
teaches classes at The Philadelphia Furniture Workshop.
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Photos, except where noted: Mark Schofield; this page (top left, middle left): Kelly J. Dunton 

metal table clips

flat twin-circle clips

T hese clips, also known as 
s-shaped clips or simply as 

tabletop fasteners, are probably 
the easiest and quickest method 
for attaching tabletops. they fit 
into a groove or slots cut on the 
inside face of the apron. 

the grooves must be cut be-
fore the base is assembled. the 

easiest method is to use a tablesaw. 
the clips are installed after the base has been assembled. 

place one end of the clip into the groove and screw the other 
end into the underside of the tabletop. because the groove 
runs the length of the apron, any number of clips can be used. 
this method nicely accommodates any cross-grain wood move-
ment whether the clips are parallel or perpendicular to the 
tabletop’s grain: the clips on the end aprons move along the 
groove as the wood moves, while the clips on the front and 
back move in and out of the groove.   

another way to install the clips is to cut slots in the apron 
using a biscuit joiner. this method is quick and easy, and it 
can be done after the base of the table has been glued up. 

a lso known as a desktop or figure-eight clip, this unobtrusive fastener requires only a shallow 
flat-bottomed recess in the top edge of the apron. the diameter of the recess should accom-

modate that of the clip, but the recess should be drilled to place the center of the clip past the 
edge of the apron. this will let the clip pivot slightly, allowing for cross-grain wood movement. 

for large tabletops, you can increase the clip’s ability to move side to side by chiseling away a 
little of the apron on both sides of the clip. However, because the clips do not handle wood move-
ment perpendicular to the apron very well, they are best confined to end aprons. like the metal 
table clips (above), these fasteners should be relegated to casual, day-to-day furniture pieces.  

Grooves or slots. The clips are in-
stalled in grooves cut on the tablesaw 
or in slots cut with a biscuit joiner.

Secure but free 
to move. The clips 
are screwed to the 
top. With humid-
ity changes, they 
move side to side 
and in and out of 
the groove or slot.

Precision drilling. The recess 
should be close to the inside 
edge of the apron to allow for 
movement. Use a Forstner bit for 
clean results.

Attached to the 
tabletop. These 
fasteners are best 
fitted to either small 
tables or to the ends 
of large tables. They 
do not allow for 
much wood move-
ment when fitted 
perpendicular to the 
grain of the tabletop.

Attached to the apron. The 
twin-circle clips can be screwed 
to the apron either before or 
after the base has been 
assembled. Check that the 
clips are free to move. 
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tongue-and-groove blocks

t his type of fastener is made from project leftovers. these blocks are attached to the 
tabletop with screws and have projecting tongues that engage corresponding grooves cut 

into the apron. the apron grooves are slightly larger than the width of the blocks, allowing for 
movement and preventing the tabletop from splitting.  

by carefully laying out the placement of the blocks and milling properly sized grooves, a 
more tailored and carefully crafted appearance is achieved. the best way to cut the grooves 
is with a router guided by a fence bearing on the apron. Properly spaced, tongue-and-groove 
blocks work very well for all sizes of tabletops.   

Cut the groove.
Select a straight 
bit slightly wider 
than the tongue 
of the block 
and, using a 
guide fence, 
rout a series of 
grooves in 
the apron.

Attach the 
blocks. The 
tongues of the 
blocks engage 
with the grooves 
in the apron. Then 
the blocks are 
screwed to the 
tabletop. 

Two blocks in three cuts. Make a cut about 3⁄8 in. deep in each end of a piece of 
wood. Next, cut perpendicular to the first cut to remove a small block of waste. The 
push block prevents the waste block from being thrown back when it is cut from the 
workpiece. Last, cut the piece in half to produce two tongue-and-groove blocks.

Tabletop

Screw

Block

Allow space for 
seasonal movement.

Groove in 
apron

a b

Make sure that the distance (a) is 
fractionally greater than (b) to ensure 
that the tabletop is tightly attached to the 
frame but still free to move.
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Many tables, one 
approach. Neptune's 
students have used 
his drawer system 
successfully in high-
end tables (above), 
but the approach 
works equally well 
for simpler tables.

Build tables with one or more drawers
to last for generations

b y  W i l l  N e p t u N e

Building tables ]

Tables With Drawers
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Haunched tenon

Side apron SyStem

Lower doubler

Apron

Side apron

Dividers

Runner

Doublers
1. Doublers are glued to the inside 
face of the side apron. 2. Square-
dimensioned runners and kickers are 
glued and nailed to the doublers. 
3. The runners and kickers house the 
drawer while the doublers guide the 
drawer side in and out of its opening.

Kicker

Runner
Drawer

Kicker

Upper doubler

The runner 
extends past the 
leg and butts 
against the rear 
apron. The kicker 
butts against 
a cleat used 
to secure the 
tabletop.

Cleat for tabletop

1. 2. 3.

Photos, except where noted: Boyd Hagen; facing page (furniture): Lance Patterson

Ilike to tell my woodworking students that there’s a Shaker 
nightstand hidden in every table with drawers. I may be over-
stating my case, but only by a bit. At North Bennet Street 

School, we teach strategy. Our largely traditional approach to 
building tables with drawers isn’t the only approach, but it’s al-
most endlessly adaptable; once you understand it, you can apply 
it to Chippendale writing desks, Pembroke tables, contemporary 
tables, whatever you like. A single, sound approach is liberating: 
It leaves room for good design and good workmanship while 
eliminating the need for mock-ups, prototypes, and reinventing 
the wheel.

There’s nothing new about this attitude. Thomas Chippendale’s 
Chippendale Director contains page after page of chairs and chair 
backs. No joints. No dimensions. Nothing about how to build a  

Chippendale chair. Chippendale assumes his readers know how 
to build a chair and that chairs are all built the same way.

When our students build a table with drawers, they learn a 
system. I recall a student who started a veneered Pembroke table 
after having made a simpler table. “Remember when you built the 
Shaker nightstand?” I said to him. “Now here’s what you’re gonna 
do different.” His eyes lit up and he said, “Ah, and you just make 
this longer, and curve that and, oh, yeah, yeah, yeah.” He knew 
how to build a Pembroke table—he just didn’t realize it.

The single-drawer demonstration table I built (above and facing 
page) reveals the basic components of a simple table-with-drawer 
system: dividers, which replace the front apron to make room for 
the drawer; doublers, which fill out the side aprons and serve as 
drawer guides; runners, which support the weight of the drawer; 

this demonstration table is designed to show that no matter 
the style, a table with a single drawer has the same interior 
components. the aprons, kickers, doublers, and runners all combine 
to guide the drawer in and out of the drawer opening (called the 
pocket). 

Tables With Drawers
 the  essent ial  table with drawer Rear apron

Doublers 
are flush with 
table legs

divider JointS

Cut a shallow 
(1 ⁄16-in. to 3 ⁄32-in.) 
rabbet on the 
bottom face of 
the dovetailed 
upper divider. 
For a perfect 
fit, align the 
shoulder against 
the top of the 
legs, clamp 
up the table, 
and scribe the 
dovetail onto 
the leg. The 
shoulder on the 
double-tenoned 
lower divider is 
optional.

Dovetailed 
upper divider

Double-tenoned 
lower divider
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and kickers, which keep the drawer from tipping when pulled out. 
Some tables require ledgers to support the runners and kickers, 
and there are others that do without doublers. Nevertheless, if you 
took apart a Pembroke table, you’d find the basic components in 
one fashion or another. And you’d know the secret to building 
tables with drawers: Inside, they’re all about the same.

A strategy for construction as well as design
It’s worth taking a close look at the components that make up the 
table-with-drawer system, not only in terms of how each func-
tions as part of an overall design but also in terms of how each 
is constructed in concert with the other components. 

Although there’s no reason why you couldn’t apply my strategy 
to building a table by hand, I’m going to assume you will use a 
tablesaw and a thickness planer. For me, efficiency demands the 

use of machines, even for the construction of traditional furniture 
forms. The key to efficient construction lies in designing joints 
that share like dimensions and like locations relative to the leg. 
The tablesaw cuts related parts to equal length; the planer estab-
lishes consistent thicknesses and widths. Together, the tablesaw 
and thickness planer allow groups of parts to have compatible 
machine-cut joints. When you plane the dividers to thickness, you 
also can plane a number of square-dimensioned sticks for run-
ners, kickers, and ledgers. If you make the haunched tenons on 
the aprons and the double tenons on the lower divider the same 
length and location from the face of the leg, then you can cut all 
the mortises on a hollow-chisel mortiser with a single fence set-
ting. And you can cut the main shoulders of these joints, as well 
as the dovetails on the upper divider, without changing the dado 
height or the fence setting.

A long table with multiple drawers has the same 
basic components as a narrower table with a 
single drawer, but partitions are added between 
drawers. For illustrative purposes, this table 
shows two types of partitions.

Upper divider

Lower divider

Upper doubler

Lower doubler

Side apron

Kicker

Runner

Leg

Upper ledger

Lower ledger

Rear apron

Partitions (covered 
on following pages)

Maximize this 
distance.

A wide upper divider 
is dovetailed to the 
doubler as well 
as to the leg. 
If the inside 
dovetail is 
too close 
to the leg, 
the short-
grained 
end of the 
doubler 
can easily 
crack off.

UPPeR divideR joined 
with two dovetAiLS

 Revealed:  a  table with mult iple  dRaweRs
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Onto the surface of each doubler, glue one of the little square 
sticks you thickness planed at the same time as the dividers, one 
at the top of each upper doubler to serve as a kicker, and one at 
the bottom of each lower doubler to serve as a runner. Together, 
a doubler and runner/kicker form an L-shaped piece, which you 
could make by rabbeting one piece. But they’re much easier to 
make and install as two pieces. The wide face of the doublers re-
mains stable when glued flush against the apron. The kickers and 
runners are such small squares that they won’t curl or twist.

What to do when the span gets long
On a small table like my single-drawer demonstration table, glu-
ing the runners and kickers to the doublers, and letting them butt 
against the dividers and the rear apron (or a ledger for securing the 
tabletop), provides enough strength to support the drawer. On a 

Once you’ve milled the pieces, you’re ready to put together the 
essential table: four legs, three aprons, and two dividers. The up-
per divider is dovetailed into the leg; the lower divider can’t be 
dovetailed, so it’s double tenoned (see drawing, above). With the 
table glued up, you can take your time installing the inner pieces—
doublers, kickers, runners, and (if need be) ledgers.

The first pieces to go inside I call doublers because, roughly 
speaking, they double the thickness of the aprons. More impor-
tant, the doublers bring the apron assembly flush to the inside 
face of the leg, so you don’t have to notch the runners and kick-
ers. Some people would call the doublers side guides, and that’s 
what they are as far as the drawer is concerned: blocks that keep 
the drawer from shifting from side to side as it’s pulled out. Cut 
four doublers to length, and glue them to the top and bottom of 
the side aprons.

Tenoned  
at the front

Partitions (covered 
on following pages)

Snapped into place

Kickers and runners can be 
installed after the table frame 
has been glued up.

At the front, where strength is 
needed, the kicker and runner 
are tenoned to the dividers. 

First, insert the 
tenon of the 
kicker or runner.Then slide 

in the ledger.

At the back, the
kicker and the runner  
are half-lapped to the ledger. 
The runner should be half-lapped 
on top so that it rests on the 
ledger supporting the drawer. 
The kicker should be half-
lapped on the bottom, because 
the drawer, if tipped, will push 
against the kicker from below.

Half-lapped 
at the back

KicKer and runner

A wide lower divider is double tenoned to 
the leg and also tenoned to the doubler. The 
single tenon must be thick for strength. But 
it must be oriented horizontally and placed at 
the top of the divider so there is enough wood 
in the doubler below the mortise.

Maximize this 
distance.

lower divider connecTS 
To douBler and leG
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larger or heftier table or one with multiple 
drawers, you may need to join the runners and 
kickers at the front and back. At the front, 
you can tenon the runners to the lower di-
vider and the kickers to the upper divider. 
You may not want to tenon the runners 
and kickers at the back, however, because 
you’d have to glue up all the pieces at 
once. Imagine doing that on a lowboy 

with five offset drawers.
To avoid having to glue up all those pieces at once, dado 

the top and bottom ledgers (which you have milled and ready) 
across their width to accept a half-lap joint from each runner and 
kicker, and then temporarily attach the ledgers to the rear apron 
using brads. To allow you to install the kickers and runners af-
ter the table frame is glued up, cut them a touch short. Cut the 
tenons relatively short as well. Even a 3⁄8-in. tenon will take the 
weight of a drawer. Just slide in the tenons, and snap the pieces 
into place. Then slide in the ledgers, using the brads to locate 
them for gluing.

If the span of the table is long and you need stronger dividers, 
there are only two things you can do: Make the dividers wider, 
or make them thicker. Making them thicker is, by far, the easiest 
route to take because a little thickness adds a lot of strength. But 
many designs simply won’t allow for a thick divider.

If you settle on making wide dividers, however, you’d better 
make them really wide. An extra 1⁄2 in. isn’t going to increase 
the stiffness of the divider to speak of, and an undersize divider 
will deflect downward. I’d make the divider 4 in. wide at least; a 
4-in. divider is no more work than a narrower one. The trouble 
is, a wide divider stands a good chance of cupping or twisting. 
To resist racking, you have to join a wide divider not only to the 
legs but also to either the doublers or the side aprons.

When you join a divider to a side apron or doubler, however, 
you run the risk that the movement of the apron as it expands 
and contracts will work the divider like a lever. To prevent this 
movement from cracking the dividers (below), keep the aprons 
relatively narrow (ideally less than 4 in. wide), and make the di-
viders really wide so that movement at the inner dovetail is spread 
over a greater distance before it reaches the front dovetail.

Joining the dividers directly to the side aprons is historically 
accurate, but it’s tricky because you have to mill dividers longer 

than the rear apron and then notch the divid-
ers around the leg. The other way to join 

wide dividers is to attach them to the 
doublers. A big advantage to attach-
ing wide dividers to the doublers 
rather than to the aprons is that 
you can make both dividers the 
same length as the rear apron. 
The dovetails are easy to cut 
because they share a shoulder, 
and all these shoulders can be 

cut with the same dado setup used 
for the apron tenons. The forward 

dovetail is joined to the leg exactly as 
it would be on a narrow divider. The 

inner dovetail can be either a full dove-

tail, as it is in my table, or a half-dovetail. In either case, leave 
as much space as possible between the inner dovetail and the 
end of the doubler. If the housing for the dovetail is close to the 
end of the doubler, the little short-grained piece that remains can 
easily crack off.

Joining the lower divider to the lower doubler is a little trickier. 
The lower divider, you remember, is double-tenoned into the leg, 
so you don’t want to dovetail it to the lower doubler because then 
assembly would be difficult. Instead, join the lower divider to the 
lower doubler with a horizontal tenon, cut to the same length as 
the twin tenons. This inner tenon must be as thick as possible 
for strength, with little or no shoulder on top, so there is enough 

 Two parT iT ion opT ions

DovetaileD
partition

A dovetailed 
partition is easier 
to install than a 
tenoned partition 
because it can 
be slipped into 
place after the 
dividers have been 
assembled.

A partial, or stopped, dovetail doesn’t 
compromise the strength of the divider.

Wide apron movement 
cracks divider.

Apron

A shallow dado keeps the partition 
from twisting and allows you to slide 
it in temporarily before assembly to 
scribe the dovetails onto the dividers.
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wood in the doubler below the mortise to provide adequate 
strength; the doubler will still have plenty of wood above the 
mortise (see bottom left drawing, p. 45).

Whether you make the dividers wider or thicker, sizing them is 
a judgment call. Err on the side of overbuilt. If the table bounces, 
what are you going to do about it? If it’s a bit sturdier than it needs 
to be, you’ll never know, and you’ll be none the worse for it.

How to handle more than one drawer
A table with multiple drawers requires a partition tying together 
the dividers between each drawer and a complement of internal 
runners, kickers, and drawer guides. It makes sense to mill the 

partitions at the same time as the dividers; just be sure to leave 
the divider blanks long, and whack the ends off. There are your 
partitions, already at the proper width. 

If you feel comfortable with the span of the dividers and you 
simply want two drawers for looks or functionality, then you can 
stop-dado a nonstructural partition into the dividers from behind. 
But if the dividers are really long—for example, 3 ft. or 4 ft.—the 
stopped-dadoed partition may pop out when the table deflects 
downward.

The easiest way to strengthen the joint between the partition 
and the divider is to use the same double-tenon arrangement used 
to join the lower divider to the legs. On my multidrawer demon-
stration table, the dividers are so wide, I used triple tenons (see 
photo and drawing, left), but the idea is the same. I usually run 
the tenons through the dividers and sometimes even wedge them. 
If you join a pair of 3-ft. dividers together with two partitions and 
join the whole assembly to the legs, then you’ve created a girder. 
It’s amazing how stiff this system is.

So now that you have partitions between the dividers, how do 
you support the drawers in the middle of the table? You mill run-
ners and kickers wide enough to support drawers on both sides 
of the partitions, tenon them to the dividers, and half-lap them 
to the ledger on the rear apron. 

Treat these inner runners and kickers as you would the runners 
and kickers next to the doublers, with one big exception. You 
have to notch the middle of the tenons so they don’t interfere 
with the vertical twin tenons of the partition. To keep the draw-
ers from swimming around, take another square stick, and glue 
it onto the center of the runner, long grain to long grain, to serve 
as a drawer-side guide. Problem solved.

You could also dovetail the partition to the dividers. A dove-
tailed housing cut across the full width of the dividers could 
remove so much material that it would compromise the strength 
of the dividers, so use a stopped dovetail in the front to tie the 
dividers together, plus a shallow 1⁄8-in. dado across the width of 
the dividers to keep the partition from twisting (see drawing, 
facing page).

Dovetailed partitions are easier to install than 
tenoned partitions because with dovetailed parti-
tions, you can attach both dividers to the legs and 
then simply slip the partitions into place. The 
shallow dado allows you to slip the partition into 
the dividers and then scribe the tail onto the 
dividers before cutting its housing. It’s possi-
ble to cut the dado narrower than the dovetail 
to hide it from the front, but now I’m getting 
into variations on variations.

The beauty of this approach to engineering a table with draw-
ers is that it doesn’t rely on the proportions or the style of the 
table. You can cut big legs or little legs; you can set the aprons 
flush to the legs or inset them; you can turn the legs or taper them; 
you can make the table long and low and turn it into a coffee 
table or tall and long and call it a writing desk. 

What I hope I’ve constructed here is a conceptual framework 
onto which you can overlay your own design ideas.

Will Neptune is a furniture maker in Acton, Mass., and a former 
woodworking instructor at North Bennet Street School in Boston.

Tenoned 
parTiTion

The strongest way 
to tie together the 
dividers between 
the drawers is a 
vertical partition 
with through 
double tenons or 
triple tenons. (The 
plan view drawing 
below is shown at 
the lower divider.)

Partition

Lower divider

Inner runner 
(or kicker)

Inner runner is 
wide enough 
to support two 
drawers.

Square-dimensioned 
guide for drawer side

Notch the tenon 
joining the runner 
(or kicker) to the 
divider to leave room 
for the vertical tenons 
of the partition.
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Drawings: Bruce Morser; photos: Mark Schofield

Headboard
Headboards vary in 
design and can be made 
from a single, solid 
board or be of frame-and-
panel or post-and-rail 
construction.

Post-and-rail connection
Bed bolts are the traditional  
method to obtain a rigid, squeak-
free connection between posts and 
rails. The joint must knock down 
for disassembly and transport of 
the bed.

Standard 
mattreSS SizeS

twin
39 in. by 75 in.

Full (or double)
54 in. by 75 in.

Queen
60 in. by 80 in.

King
76 in. by 80 in.

caliFornia King
72 in. by 84 in.

Shaker artS and craftS Sleigh 

mattress HeigHt
Consider the thickness 
of the mattress and 
the choice of a slatted 
support or a box spring 
when determining the 
height of the side rails.
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Anatomy of a Bed
Construction details that work 

with almost any design

B y  J e f f  M i l l e r
Mattress support
Although conventional wisdom says a 
box spring prolongs the life of a mattress 
and adds support, most manufacturers 
concede that a well-designed slatted 
support is an acceptable substitute.

Many styles of beds are united by similar post-and-
rail construction. By changing a few details, you can 
change the look of a bed to suit your taste. shaker 
beds typically feature slab headboards and foot rails. 
arts and Crafts beds have both a headboard and 
footboard made of slats or square spindles. sleigh 
beds introduce a curve to their frame-and-panel 
construction. to keep the lines clean, most designs 
use concealed hardware. Because of their height, 
four-poster beds must disassemble completely. 
all four rails are connected by bed bolts, and the 
headboard floats in mortises in the posts.

design determines joinery 

four-poster 

FootBoard
A foot rail (shown here) is one option, 
while a true footboard is a smaller 
version of the headboard (see the Arts 
and Crafts and sleigh beds below).

King-size beds require a 
center rail supported by 
an angle iron at each end 
and a leg in the center.

building beds ]

Bed designs may vary widely, 
but sound construction is a 
critical part of any design’s 

success. Fortunately, there aren’t 
too many structural issues to deal 
with. First, you have to figure out 
the best way to support the mat-
tress and box spring. Also, because 
most beds need to be transport-
able, they must come apart quick-
ly and easily, and when put back 
together be rigid and silent. That 
means you must choose the best 
systems for joining the rails to the 
posts and the posts to the head-
board. I’ve built countless beds 
during my woodworking career. 
Using the techniques I’ve learned, 
you can make any style of bed.

Beds come in a variety of stan-
dard sizes, but these standards are 
not absolutes. If your mattress is 
larger than standard, you’ll have to 
adjust the frame size; if it is small-
er, you should size the frame for a 
standard mattress so when the time 
comes to replace it, a new mattress 
will fit. In general, plan to leave 
1⁄4 in. to 1⁄2 in. of space on the sides 
to allow room for the bedding. I 
sometimes leave a little more room 
at the end, with a footboard that 
rises above the mattress, so there 
is some space to hang your toes 
off the end of the bed or to make 
room for the cord of an electric 
blanket.

Jeff Miller is a furniture maker in 
Chicago and the author of Beds (The 
Taunton Press, 1999).
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T he headboard (and footboard, if any) assembly usually is built 
as a unit, with mortise-and-tenon joints connecting the rail 

to the two posts. The mortise and tenon provide the maximum 
strength to this connection, but the details of the joint vary based 
on the bed’s design. On a wide plank headboard, you must allow for 
wood movement. With two separate tenons, glue only the upper 
one, or use a wide, short tenon floating in a long, shallow mortise, 
anchored in the center with a full-depth tenon that is glued. 

On a four-poster bed, the headboard plank simply floats (without 
glue) in deep, slightly oversize mortises. The headboard then can 
be removed when the bed needs to be disassembled. 

A headboard that has slats, spindles, or a frame-and-panel 
design will have a crest rail tenoned into the tops of the posts. Be 
sure to offset the mortise-and-tenon joint toward the bottom of the 
crest rail so that you leave as much wood as possible at the end of 
the post, above the joint. 

headboard with two tenons
Construction must allow for seasonal 
movement of the headboard.

headboard 
with spindles 
or slats
Use deep tenons. 
The upper tenon 
is lowered to 
avoid weakening 
the top of the 
post.

headboard 
with panel
The panel’s grain 
can run vertically 
or horizontally, 
but in either case, 
the panel must 
be sized to allow 
for movement.

construct  the headboard

Glue 
both 
tenons.

Glue both 
tenons.

Panel floats in 
the grooves.

Rail

Post

Glue 
top 
tenon 
only.

Elongate 
bottom 
peg hole.

Make 
bottom 
mortise 
oversize.

SOlid heAdBOArdS need rOOm TO mOve

SlATS Or pAnelS require 
pOST-And-rAil cOnSTrucTiOn

headboard with one tenon
Use a wide, short tenon for strength in 
conjunction with a long stub tenon for rigidity.

Glue 
center 
of tenon 
only. Leave 

room at 
top and 
bottom for 
expansion.

floating headboard 
Use this method to allow the entire bed to be 
disassembled, if necessary. Tenons are shouldered 
only at the back, so no gaps are visible when the 
headboard moves.

Do not 
glue or peg 
tenons.

Make 
bottom 
mortise 
oversize.
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In Europe, 80% of mattresses are designed to be used without a box spring and 
to be supported by wooden slats. I find the slatted support a little firmer, but 

the choice is up to you.
I use 3/4-in.-thick by 4-in.-wide slats, which are thicker and wider than commer-

cially available ones. Spaced 1 in. apart, the slats provide some flex for comfort 
and also allow air to circulate around the mattress or futon. Soft maple or poplar 
makes good slats, but avoid softwoods, 
which are too flexible. 

The slats usually rest on wooden 
cleats. To keep the slats from shifting, I 
notch the ends, fitting each slat over a 
dowel that protrudes from the cleat. On 
a king-size bed, I add a strut down the 
center from headboard to footboard, 
with a leg in the middle. 

Some mattresses are designed to 
be used with solid platforms, made of 
plywood with support underneath to 
prevent sagging. However, because 
these platforms do not have built-in 
flexibility or give, they should not be 
used with regular mattresses.

A bout 80% of the mattresses 
sold in the United States come 

with a box spring. Full- and queen-
size box springs need support around 
the edges in the form of wooden 
cleats, angle iron, cast-iron hangers, 
or aluminum extrusions. All of these 
supports are screwed to (and some-
times recessed into) the side rails. 
King-size box springs come in two 
halves for portability and need an 
additional support down the center 
of the bed that’s wide enough to sup-
port both halves, with a leg in the 
middle of this support.

The side rails are typically 5 in. to 
8 in. wide and 1 in. to 13/4 in. thick. 
The combined width and thickness 
should be enough to prevent the rail 
from sagging under load. I usually use 6-in.- or 7-in.-wide rails with a box spring; 
but to hide the box spring completely, the rails must be close to 8 in. wide. This 
choice is strictly a design decision.

support the mattress

bOx SprIngS nEEd EdgE SUppOrT OnLY

FOr A LOw prOFILE, USE SLATS InSTEAd OF A bOx SprIng

Side rail

Mattress

Box springs need support 
only around the edges.

Box 
spring

Mattress

Side rail

Wooden 
cleat

Slat

Wooden cleats
An economical 
choice, wooden 
cleats are glued 
and screwed to 
the rails.

angle iron
Angle iron can 
be purchased or 
recycled from old 
bed frames. Run 
a rabbet in each 
rail, then screw 
the angle iron in 
place.

cast-iron 
hangers
Because of their 
length, cast-iron 
hangers support 
a greater range of 
box-spring widths. 
They can be 
mounted slightly 
below the rail to 
lower the mattress 
height.

Wooden slats
Slats combine the right amount of support 
and give for a mattress. To prevent the 
slats from shifting, notch them to fit 
around dowels fixed to the cleats.
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Traditional bed bolts are forged to have a square-drive head 
that flares out, creating a broad bearing surface on the 

wood. Regular bolts employ a washer for the same effect. To 
install both types of bolt, drill a counterbored hole through the 
bedpost and into the rail, where it meets either a nut embedded 
in the rail (for the traditional bed bolt) or a nut and washer in 
a recess. The bolt alone is not enough to hold the rail securely 
and to prevent rotation, so either a shallow mortise and tenon 
or a pair of dowels is needed to complete the glueless joint. 

A modern approach is to use bolts and washers with barrel 
nuts. This approach does not require a special wrench. Align-
ment of the drilled holes, however, is critical, and barrel nuts 
that are large enough to use with 5⁄16-in. or 3⁄8-in. bolts often  
require 11/2-in.-thick rails. There are many approaches to dealing 
with the bolt hole in the post: The simplest is to treat it as 

part of a quality joint and to leave it exposed. More 
likely, you’ll want to conceal it, either with a 

brass cover screwed to the bedpost 
above the bolt hole 
or with a simple 

mushroom- 
shaped wooden  
plug, although 

the latter tends 
to work its way loose. 

A new bed bolt. Traditional bed bolts (rear) have 
stood the test of time, but newer bolts with barrel nuts 
(front) are easier to install. Simply drill a hole on the 
inside face of the rail and drop in the barrel nut.

three sol id Post-and-rail  jo ints 
Because the side rails support the mattress, the joints between 
the side rails and the bedposts are important to the overall solid-
ity of the bed. Yet they need to be disassembled easily. This is an 
interesting challenge, considering that wood expands and con-

installing bed boltsBed BolTs ARe TRAdiTionAl

Drill the bolt hole. After drilling 
through the post into the tenon, 
remove the post and complete 
the hole to its full depth.

A recess for the nut. Use a 
plunge router and a straight bit 
to cut a mortise on the inside  
of the rail.

One tight joint. 
After cutting the 
tenon flush with 
the rail, insert the 
bolt through the 
post and crank it 
tight with the bed-
bolt wrench.

Locate the nut. Fit a tenon into the mortise, insert the bolt, and 
give it a sharp tap to leave an indentation (left). Drill a hole at the 
mark and inset the nut into the tenon. Glue the tenon into the rail 
with the nut facing away from the post (right), and trim it flush.

Bed boltAfter being glued in 
place, the tenon is 
sawn flush with the 
side rail.

Nut is embedded 
in the opposite 
side of the tenon.

tracts with humidity changes. Wood also can compress, either as 
a result of seasonal changes operating against a metal fastener, 
or due to the stresses placed on the bed in use. There are a wide 
variety of fasteners available that attempt to meet this challenge. 
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You also can bolt a bed together from the inside of the rail, 
leaving no holes or hardware visible on the outside. This 

involves embedding the nut in the tenon of the headboard or foot-
board rail, then routing a specially shaped recess on the inside of 
the side rail. A jig is helpful for routing the recess in the rail.

installing 
hidden 
bed bolts

installing bed-
rail brackets

hide bed bolTs for A cleAn look

Hidden nut. The 
nut is inset into the 
tenons on the head 
or foot rail and 
faces away from 
the side rails.

Hidden bolt. Use a 
jig to rout a T-shaped 
slot inside the side 
rails (above). Then 
insert the bolt and 
tighten it into the 
nut embedded in 
the head or foot rail 
(right).

Make room for 
the clips. The 
strike plate is 
recessed into the 
post. In addition, 
deeper mortises 
are required to 
accommodate the 
two clips.

Install the clip 
plate. Glue hard-
wood dowels into 
the inside of the 
side rail to give the 
screws something 
to bite into besides 
end grain.

There are many types of two-part fasteners 
for attaching the side rails to the posts. 

look for the most solidly made hardware. 
because screws driven into end grain don’t 
have a lot of holding power, you should glue 
dowels into the rails to provide some long 
grain for the screws to pass through. Use the 
largest screws possible when attaching all 
parts of the hardware. if the fasteners loosen 
up, it is hard to fix the problem. for all these 
reasons, my preference is to use fasteners 

only on occasionally used beds.

brAckeTs Are fAsT And invisible

Side rail
Post

Recess for 
bed bolt

Dowels prevent 
the side rail 
from twisting.

Head or foot rail is 
glued to the post with a 
nut embedded in 
the tenon.
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The right approach 
combines efficiency, 
comfort, strength,  

and beauty
B y  K e v i n  R o d e l

I designed this chair in 1993 for a competition sponsored by the Maine Arts 
Commission. My intention was to design a chair that would be sturdy, 
comfortable, and clearly derivative of Arts and Crafts styling but still 

compatible with contemporary interiors. Understanding how this chair goes 
together will provide you with the building blocks for making other styles of 
dining or library chairs. This chair is made of white oak, though I’ve made 
the same design in cherry and walnut.

Because I wanted the chair to function as both a dining chair for long, 
leisurely meals and as a reading chair for a desk or library table, an uphol-
stered seat was a must. The degree of back slope, depth of seat area, arch or 
curvature of the back rest, and other critical dimensions also contribute to the 

Chairmaking Basics

Photos, except where noted: Thomas Mckenna; drawings: Bob La Pointe

building chaiRs ]
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A LESSON
IN CHAIR JOINERY
This white-oak Arts and Crafts style chair fits comfortably in a dining room 
or a library setting. Though primarily rectilinear, the chair has a curved back 
rest and a few angled joints, so there are some construction challenges. But 
jigs and templates help you handle the curves and angles.

Clamp the jig to a bench to 
rout the leg shape. A long 
bearing-guided bit can do the 
job in one pass; a shorter bit 
requires you to flip the jig and 
make two passes.

TWO-SIDED JIG FOR ROUTING BACK LEGS
Each leg is secured in the jig by screwing into the areas 
to be mortised, so mark out mortise locations 
on both faces.

Back legs taper on the 
outside edge from 1½   in. 
to 1¼   in. from top of
side seat rail.

16¼   in.

17½   in.

14 in.

18 in.

85.5º

16½   in.

2½   in.

161⁄8 in.

3 in.

1 in.

3 in.

7 in.

1½   in.

2 in.

1¼   in.

2 in.7 in.

7º

4 in.

1½   in.

Loose tenon, 
½   in. thick 
by 2 in. wide 
by 2 in. long

Loose tenon, 
½   in. thick by 2 in. 
wide by 2½   in. long

Tenon, ½   in. 
thick by 2 in. 
wide by 1 in. 
long

Tenon, 3⁄8  in. 
thick by 1¾   in. 
wide by 7⁄8 in. 
long

Tenon, 3⁄8  in. thick 
by 2¼   in. wide by 
7⁄8 in. long

Loose tenon, 
3⁄8 in. thick by 
¾   in. wide by 
2 in. long

Loose tenon, 
3⁄8 in. thick by 
¾   in. wide by 
2 in. long

43 in.

Front legs, 
1½   in. sq. by 
17¾   in. long

Cross stretchers, 
11⁄8 in. thick by
1 in. wide

Side stretchers, 
11⁄8 in. wide by
1¼   in. thick

3⁄8 in. thick by
1¼   in. wide by 
151⁄8 in. long

5⁄8 in.
thick by
1 in. wide

Tenons, 3⁄8 in. 
thick by ½   in. 
wide by ½   in. 
long

Crest and lower
back rails, 7⁄8 in. thick 
by 14 in. long

Faces, ¼  -in.-thick 
Masonite 

Screw jig to leg at 
mortise locations.

End blocks, 
11⁄2 in. thick

Cut leg to rough shape, 
then place it in the jig.

Pyramid, 
3⁄16 in. tall

Pyramid, 
1⁄4 in. tall

Seat rails, 
11⁄8 in. thick 
by 3 in. wide 
at shoulders

14½   in.

17 in.

19¼   in.

Flat area at seat 
rail, 4 in. long

Fit angled shoulder 
during assembly.

1¼   in.

NOTES:
1. Mortises in side rails 
are 1 in. deep.

2. All joinery and angles 90º
unless otherwise noted.
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comfort. I use jigs to duplicate curved and 
angled parts, and to create accurate angled 
joinery. These jigs will come in handy if 
you decide to build a set of chairs.

Shape the back legs using a template
First, trace the back legs on the stock using 
a full-size template made from 1⁄4-in.-thick
Masonite. Rough-cut the legs to shape us-
ing a jigsaw or bandsaw, being careful to 
leave the line. The only cuts that should 
be exactly to the line at this point are the 
top and bottom cross-grain cuts. 

For final shaping, mount the back legs 
in a template-routing jig (see photos and 
drawing, p. 55) that works with both legs. 
Use a large-diameter, bearing-guided 
straight bit (1⁄2 in. or more). Amana makes 
a 11⁄8-in.-dia. by 11⁄2-in.-long bit with a 
top-mounted ball-bearing guide (part 
No. 45468) that allows you to shape the 
leg in one pass.

Once you have both rear legs shaped, 
cut the front legs to length. Now you’re 
ready to lay out and cut the mortises.

Angle block orients the leg at 85.5º. 
Set the block against one side of the 
leg before adding the wedges. Then cut 
the mortise with a plunge router.

This jig allows you to cut angled and straight mortises in 
the legs with a plunge router. It also allows for mortising 
for the loose tenons in the ends of the side rails. 

Router box simplifies mortising

USE AN ANGLE BLOCK 
FOR SIDE-RAIL  MORTISES

Shoulder 
is angled.

Mortise
is angled.

Loose 
tenon

Side 
rail

Leg

ANGLED-JOINT DETAIL

Angle 
block

Spacers 
elevate 
leg.

Wedges

Bottom, 1¼   in. 
thick by 3½   in. 
wide 

Notch for end-
mortising,
1¼   in. wide
by 4 in. long

Plywood sides, 
¾   in. thick by 
47⁄16 in. wide by  
26¼   in. long

Aluminum 
bar stock 
to fit router 
baseplate

Wedge leg in box for 
mortising. Adhesive-
backed sandpaper prevents 
the wedges from slipping.

Fence, 8 in. long, 
rides along box 
sides to ensure 
straight cuts.

Straight 
mortise

Wood screw
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Angled mortises made easy
It is certainly easier to cut straight, 90° 
mortises and tenons. But to conform to 
the body, the chair must have some angled 
joinery. I’ve limited the angled joints to the 
side rails and the lower side stretchers. 

The easiest and most consistent way to 
cut the angled joint is to bore the mortise 
in the leg at the required angle. Then you 
can simply crosscut the ends of the adjoin-
ing rails at the same angle, cut a straight 
mortise into the end grain of the rails, and 
glue in a slip tenon. 

The angled mortises in the front and rear 
legs can be cut using a plunge router and 
a router mortising box (see photos and 
drawings, facing page). You can use the 
mortising box, a mortiser, or chisels to cut 
the straight mortises.

Now add the decorative details on the 
rear legs. Taper the outside faces on the 
bandsaw and plane to the line. Cut the 
shallow pyramid heads on both the front 
and rear legs. Finally, cut the mortises for 
the square pegs in the crest rail.

Side rails meet the legs at an angle
With the legs complete, begin working on 
the seat rails—front, back, and side. The 
rail-and-seat structure takes the brunt of the 
load, so use care when fitting the tenons.

The front and back rails meet the legs 
at 90° and have standard tenons. The side 
rails, which are angled into the front and 
back legs, are attached with slip tenons. 

Cut the side rails to length at 85.5° at the 
shoulder line (see left photo, above). The 
rail should look like a long, thin parallelo-
gram, not a trapezoid. Next, lay out and 
cut the mortises on the ends for the slip 
tenons using the router box. After mortis-
ing, fit and glue the loose tenons into the 
side rails. 

Template ensures consistent curves 
in all of the chair rails
You want the arches in the rails to be con-
sistent, so cut them to shape using tem-
plates made of 1⁄4-in. Masonite. You’ll need 
three templates for the seat-rail arches: one 

use the box for end grain, too

Start by angling the ends of the rails. Cut 
the side rails to length at 85.5º, paying careful 
attention to the orientation of the angle cuts.

The front and back rails meet the legs at 90º 
and have standard tenons. But the side rails 
meet the legs at an angle. Instead of cutting 
angled tenons, mortise for slip tenons.

Mortise the ends of the rails.
These mortises are easily cut by 
wedging the rail vertically in the 
router box.

Square up the mortises. Use a chisel and 
mallet and pare to the line.

Glue the loose tenons in the side rails. The 
tenon should fit with a bit of hand pressure. If 
you have to beat on it with a mallet, the fit is 
too tight; if it drops out, it is too loose. 

Now rout the side-rail arches. Rough-cut the 
curve on the bandsaw. For consistency, screw a 
router template to the tenons, and secure the 
assembly to the bench for routing. 

Wedges

Workpiece
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each for the front, sides, and back. Use 
the templates to draw the arch on the seat 
rails, then use a bandsaw to remove most 
of the waste. Now use a bearing-guided 
straight bit to template-rout the arches.

The two curved back rails require a few 
more steps than the seat rails. Mill up extra-
thick blanks and cut the offset tenons on 
the ends. For consistency, it helps to make 
a template showing both the inside and 
outside curves of the rail (see drawing, 
left). Trace the concave curve first, then 
remove the waste with a bandsaw, and 
clean up the surface using a spokeshave 
or sandpaper. If you prefer, you can use 
the template to make a jig to clean up the 
surfaces using either a router or shaper. 
Now use a marking gauge to scribe the 
7⁄8-in. thickness of these rails, referencing 
off the just-milled front faces. 

Before shaping the crest and bottom rails 
further, lay out and cut the four small mor-
tises for the back splat (see photos, left).  

The next operation is to arch the top of 
the crest rail using the same method and 
template used to shape the back seat rail 
(save the cutoff). Finally, cut the convex 
curves of the crest and bottom rails on the 
bandsaw, just leaving the line. Clean up 
these faces with a disk or belt sander.

Back splat serves as the focal point
The back splat is a curved assembly of 
1-in.-wide strips, with three 1-in.-sq. 
openings at the top, that conforms to the 

Cut the tenons and the inside curve of the rails before mortising. Mark the locations of the 
back-splat mortises using a template and drill them out on the drill press (left). A curved fence 
helps support the tall workpiece. Next, following the lines marked from the template, square up the 
mortises (right).

Arch the top of the crest rail next. Re-use the rear seat rail template to trace the arch along the 
top of the crest rail, then rough out the shape on the bandsaw.

Finally, cut the curves on the backs of the 
top rails. Leave the scribe line, and clean up 
the surfaces with a belt or disk sander.

Cut the joinery before 
shaping the upper rails

Make the back-rest assembly
The rails of the back rest are curved on the front and back faces, and the crest rail is arched on 
its top edge. Both rails are mortised to hold the back splat, a curved assembly of narrow strips.

Scale:
1⁄2 in. = 1 in.

C/L
CresT rail and lower BaCk rail layouT

7⁄8 in.

7 in.

3⁄8 in.

1/4 in.

Blank should be
17⁄8 in. thick.7⁄8 in.

Mortise, 3⁄8 in. wide by
1⁄2 in. long by 1⁄2 in. deep

11⁄2 in.
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shape of the crest rail and the back rail. 
For this element, you’ll need two blanks, 
3⁄8 in. and 5⁄8 in. thick and wide enough to 
cut the required number of strips.

Dry-fit the crest rail and the back rail into 
the legs and measure vertically between 
them. Add 1 in. to that measurement for 
the 1⁄2-in. tenons, and cut the 5⁄8-in.-thick
blank to length. Now cut 3⁄8-in.-thick 
tenons on each end, rip the board into 
four 1-in.-wide strips, and cut the remain-
ing tenon shoulders on the strips. 

Next, cut the grooves for the 3⁄8-in.-thick
strips, beginning 1 in. from the top shoul-
der line, and square up the top edge with 
a chisel. Now cut the 3⁄8-in.-thick blank 
to the same length as the grooves, rip it 

into strips, and joint a 2° bevel along each 
edge of the thin strips. Sand all the parts 
to P220-grit, and glue up the back splat 
using the crest rail and bottom rail as glue-
up jigs. To avoid squeeze-out, use a glue 
syringe to apply the glue. 

Glue up the front and rear assemblies
While the back-rest assembly is drying, 
glue up the two front legs and the front 
seat rail. Notch the tenon on the front rail 
to give clearance for the side-rail tenons. 
Be sure the legs are parallel with no toe-
in or splay as you clamp up the assem-
bly. Reinforce the joints with a 3⁄16-in.-dia. 
dowel hidden on the inside face. When 
the glued-up back splat has cured, remove 

the crest and back rails, apply glue to the 
mortises, and glue these parts together. To 
help with the clamp-up, use the arch cutoff 
as a caul. 

Allow this assembly to dry, then glue 
it and the back seat rail to the rear legs. 
Again, reinforce the rear seat tenons on the 
inside with a 3⁄16-in.-dia. dowel. While you 
are at it, install the 3⁄16-in. pegs in the tops 
of the rear legs through the 1⁄4-in.-sq. peg 
holes to reinforce the crest rail mortise-
and-tenon joint. 

Install the lower stretcher assembly 
The lower stretcher assembly not only 
helps stabilize the lower part of the chair 
against racking forces, but the exposed 

Tenoned strips are grooved on both sides.
Cut and fit the 5⁄8-in.-thick strips into the 
mortises in the rails, then rout the 3⁄8-in.-wide
groove, 1⁄8 in. deep, into their edges. The outside 
strips are grooved only on the inside edge.

Bevel the thin strips. After ripping the 3⁄8-in.-
thick strips to width, joint a 2º bevel on their 
edges to allow the splat to curve. 

Use the crest rail and the bottom rail to guide the glue-up. Apply glue with a syringe to avoid 
squeeze-out. Do not glue the splat to the rails yet. Once the back splat has dried, go ahead and glue 
it to the crest and bottom rails, then assemble the rest of the chair back. 

mill and glue up the back splat

Edges beveled at 2º

Back-splat detail

Groove, 1⁄8 in. deep

5⁄8-in.-thick
tenoned strip

3⁄8-in.-thick strip
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dovetail joints also add a decorative twist. 
The side stretchers connect to the legs with 
slip tenons, and the cross stretchers are 
attached to the side stretchers with half-
lapped dovetails.

With the chair dry-fitted and clamped to-
gether on a flat surface, measure and cut 
the lower stretchers to width and thickness. 
The side stretchers meet the legs at com-
pound angles with slip-tenon joinery. The 
mortises are already cut. To cut the com-
pound angle on the ends of the stretch-
ers, set a bevel square to the angle formed 
where the inside face of the rear leg and 
the flat surface meet. Set the tablesaw’s 
miter gauge to that angle, set the blade to 
85.5° (double-check that angle with another 
bevel gauge), and cut the compound angle 
on the rear end of one stretcher. To cut the 
opposite stretcher, reset the miter gauge 
past 90° to the same angle in the other 

Fit the lower stretchers
The lower stretchers help stabilize the chair against racking forces. The side stretchers attach 
to the legs with slip tenons, and the cross stretchers connect to the side stretchers via half-
lapped dovetails.

Cut the rear shoulders first. The rear shoulders of the stretchers are angled 85.5º horizontally. In 
addition, they must be angled vertically to match the leg taper. Start by dry-clamping the chair, and 
set a bevel gauge to the vertical angle (left). To cut the rear shoulder on the tablesaw (right), tilt the 
blade to 85.5º, then use the bevel gauge to set the angle of the miter gauge.

Install the cross stretchers after glue-up. Cut 
the half-lapped dovetails on the cross stretchers, 
then scribe them onto the side stretchers.

Creep up on the fit. Cut the front shoulders with the miter gauge set to 90º and the blade tilted to 
85.5º. Leave each stretcher a little long and take light crosscuts until the ends slide up into place 
and align with the mortise locations.

Screw in the corner blocks. The blocks help
reinforce the corner joints and serve as anchors 
for the seat frame.
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direction. Now cut the forward ends of the 
stretchers at 90°—with the miter gauge at 
90° and the blade still at 85.5°—sneaking 
up on the length until they just fit.

Next, cut a 3⁄8-in.-wide mortise, centered 
in the end grain of each stretcher and about 
3⁄4 in. deep. Dry-fit the slip tenons. When 
the fit is perfect, glue up the chair. 

While this glue is setting, mill up the two 
cross stretchers. Once the stock is milled 
to width and thickness, locate where each 

cross stretcher will meet the side stretch-
ers. Cut each one to length, leaving them 
about 1⁄8 in. extralong on both ends. 

Hold a cross stretcher in place, and locate 
the shoulder cut by scribing a line on the 
underside where it meets the side stretcher. 
Cut a half-lapped dovetail on each end of 
each cross stretcher. Set the cross stretch-
ers in place, then scribe and cut out the 

dovetail slots in the side stretchers using 
a handsaw and chisels. Once the dovetail 
sockets have been cleaned out, glue the 
cross stretchers in place. 

After the glue has set, sand all the stretch-
ers flush on their upper faces, and go over 
the chair thoroughly for any residual glue 
squeeze-out and touch-up sanding. Finally, 
make up the corner blocks and screw them 
to the inside corners, flush with the upper 
edges of the front and rear seat rails. Add 
an additional screw hole up through the 
body of the corner blocks before attach-
ing them. This will be used to attach the 
upholstered slip seat to the chair. 

The very last item before finishing is 
installing the pyramid-shaped decorative 
pegs in the crest rail. I use ebony, but any 
hardwood species will work. 

This white-oak chair is fumed, and fin-
ished with a topcoat of Tried & True lin-
seed oil. The seat is upholstered in leather 
from Dualoy Inc. (www.dualoy.com).

Kevin Rodel is a furniture maker and teacher 
in Brunswick, Maine.

The chair has a leather-upholstered seat, 
installed after the chair has been fumed and 
finished. The frame is screwed to the corner 
blocks between the rails.

slip seat completes the chair

Seat frame, ash,
5⁄8 in. thick by 21/2 in. wide

Elastic 
webbing 
stapled to 
frame

High-density 
foam

Cotton 
batting

Muslin 
fabric

Leather 
upholstery

Hardwood splines,
1/4 in. thick by 3/4 in. wide

www.finewoodworking.com 6161

FineWoodworking.com
Watch a free video of this chair being built, 
or purchase the full-size plans. Go to 
www.finewoodworking.com/buildingfurniture.
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UPPER 
MOLDING 
FRAME
The molding 
frame allows 
the top and 
carcase to move 
seasonally.

DOVETAILED 
CARCASE
The heart of a 
long-lasting case 
piece is a solid-
wood, dovetailed 
carcase. Note the 
secondary wood 
species used 
in the top and 
bottom panels.

dressing up a basic box
A seemingly complex chest of drawers simply is a stack 
of components. By varying moldings, feet, drawers, 
and drawer dividers—not to mention proportions and 
materials—an endless array of case pieces is possible.

DRAWER-DIVIDER
FRAMES
Three common 
styles offer a 
variety of looks and 
different degrees 
of mechanical 
strength and ease 
of construction.

LOWER 
MOLDING 
FRAME
The lower molding 
frame allows the 
case to move 
seasonally and 
accommodates a 
variety of bases 
or feet attached 
below.

BASE
Whether 
horizontal-grain 
bracket (shown 
here) or vertical-
grain feet, the 
base is attached 
solidly to the 
lower molding 
frame.

TOP
The solid-wood 
top is usually 
molded on three 
sides and is 
attached to the 
upper molding 
frame.

Photos: Michael Pekovich; drawings: Bob La Pointe

BUILDING cabinets ]

Chest of Drawers
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Case furniture based on a dovetailed 
box is found in a wide range of 
styles and periods. While the de-

tails vary, many pieces can be built us-
ing similar construction solutions. When 
I build a case, I work from a firm set of 
ideas—both traditional and modern—that 
I’ve found to be reliable and efficient. 

The techniques required to make a 
chest of drawers are common knowledge 
to most woodworkers: dovetails, dadoes, 
miters, mortises, and tenons. The complex 
appearance is the result of a straightfor-
ward sequence of simple steps. 

At its most basic level, a chest of drawers 
is a stack of separate assemblies. However, 
based on moldings (or lack thereof), leg 
treatments, drawer styles, proportions, and 
materials, a wide variety of case pieces is 
possible. Like my other articles in this mag-
azine, “Tables with Drawers” (pp. 42-47) 
and “Classic Sideboard” (pp. 70-77), this 

article describes a basic, proven construc-
tion approach. The details are up to you.

Start with a dovetailed case
When preparing your primary stock for 
the sides of the case, put aside strips to 
be used later to edge the top and bottom 
case panels as well as the drawer dividers. 

Using wood from the same board will give 
a uniform look to the case.

A chest of drawers begins with four 
panels: a top, a bottom, and two sides. 
The strips of primary wood that edge 
the top and bottom can be glued onto 
the secondary-wood panels after rough-
milling. Match the grain direction of all 
parts during glue-up so they can be finish-
milled as one piece.

The case is joined with half-blind dove-
tails, so lay them out for strength, not ap-
pearance. You may want extra tails near 
the edges, especially the front, to resist 
loads that could pop the front shoulder. 

Another trick makes the joinery for the 
back a little easier. Run the rabbets for 
the back boards all the way up the sides 
without stopping. Then rip the top and 
bottom panels to be flush with this rabbet; 
the back boards will extend all the way up 
to the top and bottom of the case but will 

carcase and back construction
The case is joined with half-blind dovetails, which are hidden from view. Traditionally, 
the back consists of shiplapped boards.

A more attractive frame and panel can be 
fit into the side rabbets.

Horizontal shiplapped back boards help 
prevent tall sides from bowing outward.

Shiplap joints 
and slight spaces 
allow for wood 
movement.

Back boards, set into 
a rabbet in the case 
sides, are screwed or 
nailed to the top and 
bottom edges.

Because the top and bottom 
panels will be hidden, these 
can be secondary wood edged 
at the front with primary wood.

Half-blind 
dovetails are 
sized and 
located for 
strength, not 
appearance.

Build a 
strong case and 

then change 
details to suit 

the style  

B y  W i l l  N e p t u N e

back-panel options
Top and bottom 
end flush with 
rabbets in back 
of sides.
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be hidden by the true top, which goes on 
later. The back boards, lapped in some 
way to allow for wood movement, will be 
screwed or nailed to the case. 

Drawer dividers: three options
Once the case dovetails have been cut, 
fitted, and dry-clamped, it’s time to work 
on the system of drawer dividers and sup-
ports. For function and appearance, the 
divider frames must stay flat. Again, sec-
ondary wood can be used for all but the 
front edges. Choose the inner secondary 
wood for stability. Avoid secondary wood 
that was significantly bowed in the rough, 
and make the front divider wide for extra 
stiffness. I make the fronts 31⁄2 in. to 4 in. 
wide, and the less-critical back dividers 
21⁄2 in. to 3 in. The runners can be nar-
rower, about 2 in., because they are held in 
dadoes. Leave the parts a bit thick to allow 
for leveling the frame after gluing.

Although there are other divider systems, 
typically I use one of the three systems 
shown at left. For all three types, I prefer 
to glue up the mortise-and-tenoned frame 
first and fit the unit to the case dadoes. 
But you also can fit and glue the pieces 
together in the case, using the dadoes to 
align the parts.

One last note: Glue up the case after the 
dadoes have been cut but before building 
and fitting the divider frames.

Stopped dadoes—This simple ap-
proach offers a streamlined look and 
straightforward joinery. The main liability 

Drawer-DiviDer frames

Only the front 3 in. or 4 in. are glued to the case, allowing the 
case sides to move. Choose a frame type based on the desired 
look and the need for strength.  

StOpped dadOeS
Basic stopped dadoes offer a clean, contemporary look 
and the easiest construction.

dOvetailS with hidden dadOeS 
Dovetails with hidden dadoes not only tie the case 
sides together but also offer a clean look.

Scribe for perfectly fitted dividers

A divider in a stopped dado is inserted 
from the back. The front rail must be 
notched to reach the front of the case.

notching the DiviDer

Stopped dado

Notch

Front rail

Only the front edge 
is primary wood.

Runner

Stepped dOvetailS
Stepped dovetails offer a more traditional look and a 
mechanical connection between the case sides.

Through-dado

Dovetail housing

Keep the dovetail short, 
or its housing will 
weaken the case side.

Thin dado for the 
tongue is hidden by 
the dovetail.

Front rail has a 
dovetail and a 
tongue.
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is the lack of sound glue surfaces between 
the frame and the case. Usually this isn’t 
a problem, but for a tall case or one with 
unstable wood, you may want one of the 
other frame systems that use lap dovetails 
to tie the ends of the case together. The 
other types also offer the traditional look 
of exposed joinery.

Start by laying out and cutting the da-
does, which are about 1⁄4 in. deep. I do 
the layout while the case is dry-clamped, 
using a story stick to avoid measuring er-
rors. The goal is to get the pairs of dadoes 
at equal height and parallel to the inside 
faces of the top and bottom. Square up 
the front ends of the stopped dadoes at an 
equal distance from the front edges of the 
case (about 1⁄2 in.). The front of the frame 
should be flush to the case edge, but the 
back should be inset about 3⁄8 in. from 
the rabbets to allow the sides to shrink. 
Gauge the length of the dividers from the 
bottom of the dadoes, and cut them about 
1⁄32 in. undersize to make the frames a bit 
easier to fit. 

To connect the divider frames, I use 
mortise-and-tenon joints. When clamping 
and gluing up the frames, take diagonal 
measurements to check for squareness, 
and be sure that the frames are flat. A good 
tip is to level the joints on the top of the 
frame first. Then, as you test the frame and 
slide it into the dadoes, you can do all of 
your fitting from the bottom. The front 3 in. 
to 4 in. of the frame should be snug, but 
the rest can be eased to make it slide in the 

dadoes with less drag. You will need to cut 
a shoulder in the front of the divider frame 
so it can extend past the stopped dadoes 
to the front of the case. 

Stepped dovetails—Adding lap dove-
tails to the front of the divider frame gives 
it a strong mechanical connection to the 

case sides. The front rail will resist forces 
pushing the case sides outward, and it can 
be used to pull in bowed sides slightly. 
This traditional solution is called a stepped 
dovetail because both the dado and dove-
tail are visible at the front. I like to use 
this joint with lipped drawers, where the 

Drawers

Match the divider to the drawer. The 
dovetail with hidden dado offers a clean 
look for flush drawers (above), while 
lipped drawers look better with the 
stepped dovetail (below).

Scribe for perfectly fitted dividers

Slide the divider to the front of the 
dado and scribe the shoulder. Then 
cut the notch in the front rail.

Dovetailed dividers go in from the front.
The dado is cut first; the dovetail housing is 
cut second.

Slide in the dadoed section as far as 
possible. Then transfer the layout of the 
dovetail onto the case side.

Dovetailing the case siDe

The two common drawer styles are 
flush and lipped. On the lipped style, 
the drawer front covers the gap for a 
more refined look.
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side lip matches the dado depth. Be pre-
pared to spend extra time on these joints, 
though, because there are many surfaces 
that must fit at the front edge, and any 
gaps will be obvious. 

This joint uses a shallow (about 3⁄16 in. 
deep) through-dado, with a lap dovetail at 
the front extending into the case side. 

Start by penciling in the dovetail location 
on the case sides. This gives the length of 
the front rail. Before gluing up the frame, 
notch the front rail to leave the stubs for 
the dovetails. Now build the rest of the 
frame and shape the dovetails on the front 
stubs. This joint will show any gaps, so 
work carefully and test the dovetail fit as 
you pare. When you install the frame, rub 
the rear part of the dado with paraffin wax 
so that any glue that drags back won’t 
keep it from floating. 

Lap dovetail with hidden dado—The
third frame type uses a narrower through-
dado that is hidden at the front by the lap 
dovetail. This dovetailed frame gives the 
same mechanical strength as the stepped 
version but has a cleaner look. When used 
with flush drawers, it has a neat, logical 
appearance. 

This system has another advantage over 
the stepped dovetail. Because the dove-
tail covers the dado, there are fewer sur-
faces that must close up. Use a standard 
dado size that is 1⁄16 in. or so smaller than 
the base of the tail, and make the dadoes 
about 1⁄4 in. deep.

moldings and case top

Elongated screw holes along the sides 
and back edge of the molding frame 
allow the top to move seasonally.

Elongated holes for the screws 
that attach the case to the molding 
frame allow the case to move.

Round holes along the front edge 
of the case and molding frame 
keep all three aligned where it 
counts most.

Molding frames are the best way to attach 
moldings across the grain of the case sides 
and the top. 

Elongated screw 
holes are the 
answer. These are 
elongated along the 
bottom side only, al-
lowing the pieces to 
shift against each other 
without coming apart.

The correct sequence. First, attach the mold-
ing frame to the top (above) and then to the 
case using the elongated holes only. Last, screw 
all three parts along the front edge (right).
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Once the frame has been made, you 
need to form the tongues, stopping them 
at the front and leaving extra wood for 
the tails. Because the tongues and dadoes 
will be hidden, only the shoulders for the 
dovetails need to be tight, and the tongues 
don’t need to bottom out in the dadoes; 
however, the tongues should be snug in 
thickness, especially at the front. 

A few tips for the drawers
Once the frames have been fitted and 
glued in, you may build and fit the drawers 
by any method you’re comfortable with. 
Drawer fronts, of course, have a lot to do 
with the appearance of a chest, so look 
over the wood and plan the overall grain 
pattern before you begin. 

This article presents two options: a flush 
drawer and a lipped drawer (see top 
photo, p. 65). Both types need stops (the 
fragile lip molding is there only to cover 
the clearance gaps). One reason why I 

locate the stop blocks on the rear divid-
ers is that it’s easy to clamp them in place 
while testing the drawer. Just remember 
to size your drawers to make room for the 
stops. But the great trick here is that put-
ting the stops on a floating frame keeps the 
drawers flush at the front even as the case 
changes depth through the seasons. 

Ease the transitions with moldings
Visually, top and bottom moldings have a 
powerful effect. They frame the case with 
their strong horizontal lines and play of 
light. Their projection at the bottom gives 
the base a sense of stability and strength. 
An upper molding provides a transition to 
the overhang of the top and also balances 
the bottom molding.

Many times you’ll see old work with 
moldings attached to the case itself, but 
these tend to fail over time as the case 
shrinks. Using separate frames for the 
moldings will give the same appearance 

while allowing for case movement. These 
top and bottom frames can be built using 
either of two methods (above). 

Both methods can use secondary wood 
for the inner part of the frame. The first is a 
simple mitered frame with a molded edge. 
A more complex, rabbeted frame system 
wraps over the sides and front edge of the 
case. With this system you can choose how 
much of the front case edge shows, giving 
a wider range of effects. 

Both frame systems should overhang the 
back to allow for expansion of the case. 
Fasten the frames to the case with screws, 
tight along the front but with elongated 
holes along the sides and back to allow 
the case to move. 

Flat frame is quicker to build—The 
first step for the flat frame is to know 
the exact dimensions of the molding you 
want, its projection from the piece, and the 
width of the primary wood. The next step 
is to glue the primary-wood strips onto the 

Molding overhangs 
the frame, creating 
a lip that covers 
any gaps.

Internal 
frame

Molding 
is thicker 
than frame.

Smaller 
reveal

Internal frame 
is the same 
thickness as 
the molding.

flat vs. rabbeted molding frame

The type of molding frame will determine how much of the top or bottom edge of the carcase is visible. 

Rabbeted frame leaves the carcase 
reveal up to you. And if the frame doesn’t 
lie perfectly flat, the gap won’t show.

A flat frame is easier to build and fit.
But it shows the entire case edge and 
must lie perfectly flat.

Internal 
frame

Avoid gaps 
here.

Molding

FlaT Frame

rabbeTed Frame
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bracket feet

Molded or unmolded, with a wide variety of cutouts, bracket feet are used in many 
periods and styles. They are glued to the base molding frame (or attached to the case).

inner-frame stock and then mill the blanks 
to thickness.

Get the front miters fitting correctly be-
fore mortising in the flat, unmolded rear 
rail. Join the mitered corners with biscuits 
or stopped splines. Last, mold the desired 
profile on the outside edge.

Build the rabbeted frame in two 
parts—The second frame system is built 
in two stages. The inner, secondary-wood 
frame is thinner than the molding, based 
on how much of the case edge you want 
covered. I build the frame first, slightly 
oversize, then trim it to fit the case ex-
actly. Let the back edge overhang to hide 
seasonal case expansion.

Now form the rabbet with the three 
thicker molding blanks. Dry-fit the parts 
carefully, making sure the miters come to-
gether exactly at the corners of the case, 
keeping the end pieces long at first to al-
low room for adjustment. Then glue the 
blanks to the edges of the frame and mold 
the profile. The frame is held with screws 
as before, with elongated holes to allow 
for movement.

Attach the top
The top of the case is often molded on 
three edges and usually has an overhang-
ing back to hide shrinkage and to avoid a 
large gap between the case and the wall. 

If a molding is used below the top, it’s 
important to let the case, the molding 
frame, and the top move independently. 
All three parts are held tight with screws 
along the front edge to keep the miters and 
reveals constant. But along the sides and 
back use elongated screw holes between 
the frame and top, as well as the case and 
frame. People commonly lift cases by the 
top edge, so all of these connections must 
be very strong.

bases
A strong bottom molding frame 
serves as a stable platform 
for attaching the feet, whether 
bracket style (shown here) or 
vertical (see the facing page).

Secondary 
wood is used 
at the back of 
the base.

Glue 
blocks

Molding frame 
serves as the 
attachment point 
for the base.

Bracket feet may 
be flat or molded.

Miter joint at 
front corners

Half-blind dovetail 
or tongue-and-
dado joint

Glue blocks 
reinforce the joint without 
restricting wood movement.

Mitered 
corner

flAT brAckeT fooT ogee brAckeT fooT flAT brAckeT bAse
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vertical-grain feet

Vertical-grain feet come in a wide array of styles, from turned bun feet to 18th-century ball-
and-claw feet to more contemporary saber feet. Most have flanking transition pieces.

Choose a base
The final bit of woodworking is to prepare 
a base. For this article, I built the two most 
common systems, each adaptable to many 
leg styles. Bracket feet are cut from blanks 
with horizontal grain and are mitered at the 
front. The other leg style has vertical grain, 
which usually features narrower legs, often 
braced by flanking side pieces. 

Bracket feet—Start the flat bracket feet 
with one long board about 3⁄4 in. thick. 
The six blanks should be taken out of a 
single board, if possible, so the grain pat-
tern wraps around the base, matching at 
the miters. It’s also nice to use the same 
board here as you did for the base mold-
ing to help hide the joint between the base 
frame and the feet. 

The rear feet are braced with secondary 
wood. The joint at this back corner can 
be half-blind dovetails or, more simply, a 
tongue and dado. The miters for the front 
parts can be reinforced with a spline, but 
usually it’s enough just to butt them.

Cut and dry-fit the joints before cutting 
the foot profile. The assembled feet are 
glued to the base frame. All of the foot and 
base joints should be reinforced with glue 
blocks. A single vertical block can cause 
the foot to crack, so I use three short blocks 
with 1⁄8 in. of space between them.

Vertical feet with support pieces—
The second construction system is seen in 
the saber leg with flanking transition piec-
es. Its main advantage over bracket feet is 
that the vertical grain direction allows a 
strong foot of a much smaller size. 

Generally, a round or square tenon is 
cut in the top of the foot blanks to match 
a hole or mortise that is cut through the 
molding frame. The mortise should be lo-
cated away from the corner of the frame 
so that the miter joint isn’t weakened. The 
transition pieces are tenoned into the foot. 
As before, these assemblies are glued to 
the base frame. 

This sums up my approach for fine-
quality casework, but many variations are 
possible. In fact, 10 people can use the 
same information to build 10 very different 
chests, each one a record of that maker’s 
taste and skills.   

Will Neptune is a furniture maker in Acton, 
Mass., and a former woodworking instructor 
at North Bennet Street School in Boston.

Details define the style
this construction system will produce a wide variety of case pieces, depending 
on the combination of the individual elements. an 18th-century piece (top) com-

bines moldings, drawers, and feet common to that period. 
lipped drawers soften the line of the front. a wide 
base molding and classic ball-and-claw feet give the 
piece a broad stance. the top is carefully dimen-
sioned and molded to relate to the rest of the piece.

the bottom chest of drawers has a more contem-
porary look with harder lines and surfaces, including 
a flush front. the curved, tapered legs flare outward, 
broadening the stance without looking heavy. the 
base and top moldings are beveled to complement 
the style. and the top is chamfered to make it appear 
thinner and to match the other elements.

these examples are the tip of the iceberg. You 
could make the case taller than it is wide, or use a 

different array of drawers. and consider the effect of 
other wood species or figured wood for the drawers.

Period or contem-
porary? The choice 
of moldings, drawers, 
feet, and hardware 
offers a wide range of 
design possibilities.

Vertical-
grain foot

Transition 
pieces are 
tenoned into 
the foot.

Round tenon 
attaches to the 
molding frame.

saber fooT ball-and-claw fooT Turned fooT
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It is all too easy to sketch something 
that looks good, only to discover that 
you have no reasonable way to build 

it. You either develop overly complex con
struction methods or sacrifice the design 
you really want because it’s too difficult to 
build. The solution is to strike a balance 
between design complexity and construc
tion simplicity. It helps to start by thinking 
of a piece in its most basic form and then 
developing a single construction system 
that can accommodate a wide range of 
design options. 

I tell my woodworking students that a 
sideboard is little more than a box with 
legs attached. Though it sounds over

Common-sense approach 
to joinery in complex 
cabinets

b y  W i l l  N e p t u N e

Classic Sideboard

Photos, except where noted: Michael Pekovich; this page: Scott Phillips

building cabiNets ]
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simplified, this approach puts things in 
familiar terms—everyone knows how to 
build a box. It becomes a question of how 
to build the better box. 

Historically, sideboards were built using 
post-and-rail or frame-and-panel construc-
tion, but I prefer an alternative approach, 
in which the case is a dovetailed box 
turned on its side. My approach is less 
familiar, but when you start counting the 
joints necessary to build a frame-and-panel 
sideboard, you begin to understand the 
logic of a dovetailed design. With this 
method, there are fewer joints to cut, and 
the ones you do cut aren’t seen, so there’s 
no need to be overly meticulous. 

This construction system is based on a 
few joinery rules: If a case part joins anoth-
er at a corner, dovetail it; if one part meets 
along another’s length, use multiple ten-
ons. Dovetails and tenons are both strong 
joints that allow for wood movement and 
resist racking. Because all of the structural 
parts of the case have grain running in the 
same direction, the case expands and con-
tracts together. Put simply, the case is still 
just a long dovetailed box with legs.

Sideboards built using this approach may 
vary in size, line, and style, but they re-
tain a family resemblance based on the 
construction system. The mocked-up side-
board shown on these pages is the most 
basic variation, but it lays a foundation that 
can be used on more complex designs. 
Once you understand the construction sys-
tem, you can focus on design and build 
in styles ranging from Federal to Arts and 
Crafts (see “Details for any style,” p. 75).

Basic sideboard design
A sideboard is typically a case piece that’s 
40 in. tall or taller, a convenient working 
height for a standing person. The height 
makes anything displayed on its top more 
visible because it isn’t overpowered by the 
forest of chairs surrounding a dining-room 
table. A sideboard is also strongly horizon-
tal because its tall legs hold the mass of 
the case off the floor and because the case 
length exceeds the height. The open space 
below the case keeps the sideboard from 

Top is screwed to case from underneath.

Drawer frames 
are set into 
stopped 
dadoes.

Stopped dadoes and 
stub tenons hold 
partitions in place.

Legs are 
dovetailed 
into top 
of case.

Stub tenons join 
case to legs.

Thick case 
ends provide 
a large glue 
surface for 
the legs.

Legs and 
case ends 
are made 
from a single 
piece of 
8/4 stock.

Coarse 
dovetails 
hold case 
together. 

By building what is 
essentially a dovetailed box 
turned on its side, you can 
align wood so that all grain 
runs in the same direction, 
eliminating problems with 
wood movement. 

Case swells and shrinks as one All case parts 
move in the same 
direction.
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5

AA

1

Drawings: Bob La Pointe

appearing too massive, an effect you get 
with many large case pieces. With lengths 
of 4 ft. and 5 ft. being common, the facade 
can be divided using drawers and doors 
(see drawings, p. 77).

In designing the mocked-up poplar side-
board seen on these pages, I wanted a 
simple piece with a country feel. In form, it 
refers to the Federal period but avoids the 
use of veneers, inlay, and hardware seen 
in period, high-style examples. To simplify 
construction, I decided on a small, four-

legged version without the curved facade 
often seen in Federal pieces. Country fur-
niture makers made similar design choices 
in earlier times, using the grain and figure 
of local woods or even painted finishes 
for visual interest. These designs rely on 
proportion and line to create a sense of 
balance and harmony.

The construction system
One key feature of this construction sys-
tem is the use of built-up ends, which are 

thicknessed to the same dimension as the 
legs. The thicknesses of the ends provide 
large glue surfaces for the legs. In addition, 
the top and bottom join the legs and ends 
without having to be notched around the 
legs. This structural solution creates a lined 
interior for the cupboard areas. 

The partitions that divide the facade are 
not only design variables, but they are al-
so structural elements. The multiple stub 
tenons tying the long top and bottom 
together are strong insurance against 

A

Legs and end-
stock for both 
assemblies are 
laid out on a 
single board. 

X X

X X 2

6

X 4

1.  Built-up ends

1. Proper left   
front leg

2. Proper right   
front leg

3. Proper left 
rear leg

4. Proper right   
rear leg

5. Left end blank

6. Right end blank

X. Marks top ends  
of pieces

X

2-in.-thick stock

View of end grain 
at section A A

1

3

5

Leftover stock 
is sized and 
laminated so 
that the ends 
can be built up 
to the same 
thickness as 
the legs. 

b

5a

5b

Parts 5a and 5b are 
resawn, milled, and 
book-matched at this 
edge to form the outer 
sides of the ends. 

Colored rules 
indicate outside 
faces.

Straight grain 
on legs meets 
straight grain 
on each end, 
disguising the 
glueline and 
leaving an 
assembly that 
appears to be 
a single, solid 
piece of wood. 

d

By carefully planning the cuts, a single 2-in.-thick board can be laid out to form leg-and-end assemblies that appear 
to be a single solid board. The legs are cut from the straight-grained edge of the board, and the ends are book-
matched and laminated from resawn stock. When the legs join the ends, you’re left with virtually invisible gluelines. 

CUT SECTIONS FROM ONE THICK bOARd TO CREATE INVISIbLE JOINTS

Once the ends have been laminated, legs and ends are 
planed at the same time to ensure uniform thickness. 

C

5b5a

Leftover stock 
Rear leg (3)
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racking. All of the drawers run on frames 
let into stopped dadoes.

In a real project, if saving primary wood 
is important, all of the case parts other 
than the legs can be made of a secondary 
species and faced or edged with primary 
wood. Using a less dense secondary spe-
cies also saves weight.

Using built-up ends—Even though this 
entire mock-up is made of poplar, I lami-
nated the ends the same way I might for 
a sideboard built in cherry or mahogany. 
By resawing a piece of 8/4 stock, which 
is about 2 in. thick, you’re able to show 
a book-matched pattern on the ends. The 
inner part of each end is glued up from 
the leftover pieces of the 8/4 stock. This is 
a nice way to keep the legs from appear-
ing as though they were stuck on as an 
afterthought. Good grain matches on the 
legs and ends make each assembly look 
like one solid piece (see drawings, facing 
page). This is particularly effective if you 
can choose an 8/4 board that is flatsawn 
and wide enough for the edges to have 
growth rings running at about 45° (as seen 
on the end grain). This gives you straight 
grain on the legs, which helps disguise the 
glueline. As a bonus, the adjacent faces of 
the legs also match each other. 

In the mock-up, I resawed the 8/4 stock 
thin, trying to avoid the green heartwood, 
but the thickness of the layers doesn’t mat-
ter. The object is to calculate the width of 
each end so that little wood is lost between 
the ends and the legs, which would disturb 
the grain match. Also, you must start thick 
with both layers to allow for later milling. 
Once the inner and outer layers have been 
edge-glued, skim them with a handplane 
before gluing them together. 

Alignment is much easier if you leave the 
parts long at this stage. The extra length 
allows you to nail the parts together in 
the waste areas when you clamp them up. 
The laminated parts should be given sev-
eral days to move and reach equilibrium. 
After they are done moving, both the leg 
blanks and the ends can be flattened and 
thicknessed at the same time. When you 
trim the ends to finished length and width, 
remember to keep the book-match line 
centered and parallel to the edges. 

Dovetailing the case—The top and 
bottom of the case are milled and glued 
up like any large panels, then cut to final 
size. The dovetails that hold the case to-
gether are fairly easy to cut, either by hand 

Dado stops 
just short of 
case front.

Through-
tenon

Through-
mortise

3.  Part it ions

2.  Doveta ileD Box

Stub tenon holds 
leg in place.

Narrow 
dovetail 
fits top of 
leg.

Wide dovetails 
are covered later 
by the top.

The basic 
case

A simple dovetailed 
box is modified to 
accommodate the 
legs. Dovetails can 
be cut coarse (with 
wide pins and tails) 
because the top 
will cover them. 
Narrow tails at the 
front and back of 
the top and stub 
tenons at the case 
bottom are later 
fitted to the legs.

Through-
Tenons resisT

racking
The partitions are 
set into stopped 
dadoes cut into the 
top and bottom of 
the case. Through-
tenons on the 
partitions are 
housed in mortises 
cut into the case.
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or machine, but remember that the lay-
out is different at each corner where a leg 
joins the case (see top photos, p. 73). The 
top rear dovetails are narrow so there’s 
enough room on the legs to cut the rabbets 
for the back boards. The case bottom has 
stub tenons that will be housed in the legs. 
These tenons are shouldered so that any 
later sanding won’t change the fit of the 
joints. Once the piece is finished, none of 

the joinery will be visible, so the dovetails 
can be coarse (with wide pins and tails).

Filling out the facade—Interior parti-
tions not only delineate sections, but they 
also provide strong vertical support to 
prevent the case top from sagging. The 
partition joints are somewhat fussy to cut, 
but they add considerable strength to the 
case (see bottom photos, p. 73). Shallow 
stopped dadoes are used to locate the 

partitions. Tenons are positioned on the 
partition ends so that there is extra holding 
power at the edges with enough tenons 
across the middle to strengthen against 
racking. The partitions are held in line by 
the dadoes, which makes fitting the thick-
ness of the partitions to the dadoes careful 
work. Partitions should be cut a bit longer 
than the ends to leave some extra tenon 
length for final flushing.

Because the partitions are fully housed in 
the dadoes, there are only small shoulders 
at the front. It is very important that when 
clamped, the tenon shoulders bottom out 
in the dadoes, keeping both the top and 
bottom of the case parallel. So work hard 
at cleaning up the dadoes to keep them at 
a consistent depth. 

To gauge the front shoulders, work in 
from both ends with a cutting gauge at 
the front until what’s left between the lines 
equals the distance between the base of 
the pins cut on the case ends. Then add 
the depth of the dado and mark the space 
between the tenons. The trick is to get the 
small front shoulder to close at the same 
time that the end grain between the tenons 
bottoms out in the dado. This ensures that 
the top and bottom will remain parallel.

Once the tenons have been cut, locate 
the mortises in the dadoes. Line up the 
fronts of the partitions with the front of 
the case and mark around the tenons to 
establish your mortises. There is no need 
to run the tenons through, but it does add 
strength and keeps you from having to 
clean the bottoms of the mortises. When 
the partitions fit squarely into place, you’ve 
finished framing the basic case.

Attaching the legs to the case—The 
legs are mortised to accept the stub ten-
ons cut into the bottom board (see photos, 
left). Because these tenons and the top 
dovetails share the same shoulder line, the 
legs should register flush to the case ends. 
Once the top dovetails are let into the legs, 
you can’t trim any more wood off the legs 
and ends, so make sure this joint is accu-
rate before you cut it. 

This method puts one serious require-
ment on the legs. They can be sawn to 
shape, turned, or carved, but the solid glue 
surfaces must meet the case ends. 

To guarantee alignment, it’s best to cut 
the dadoes for the drawer dividers using a 
router with the case ends and legs clamped 
up. Once the stopped dadoes have been 
cut, the case construction becomes fairly 

4.  Doveta ileD legs

Primary wood
Dovetail fits 
into leg.

Narrow 
dovetail

Upper 
hinge 
mortise

Stopped 
dado 
accepts 
drawer 
frame.

Leg

Drawer 
frame

Lower
hinge 
mortise

Leg to be 
glued to 
case end.

Mortise

Stub 
tenon

Legs sLide 
into pLace

By housing each 
leg in a narrow 
dovetail at the top 
of the case and 
a stub tenon at 
the bottom, the 
leg can be slipped 
into place from 
underneath after 
the basic case has 
been assembled. 
Stopped dadoes 
are cut to accept 
the drawer frames. 
Cutting the dadoes 
with ends and legs 
clamped up before 
assembly ensures 
perfect alignment. 
The exposed top is 
screwed to the top 
of the case from 
underneath.

Secondary wood or 
leftover stock
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Proportion and detail can be used to lend a sideboard a period feel. 

Working out a new design gives you a chance to try some of these 

possibilities and find a good fit for the design and style ideas of 

the piece you want to build. The size, shape, and proportions of a 

piece, along with the choice of materials, finish, hardware, and 

embellishments, work together to define the style. 

The mocked-up sideboard was designed only as a model for 

construction, but the size and proportions, along with the tapered 

legs, give it a Shaker feeling. This design could be made of maple 

or cherry with a simple molding for the doors. I made the storage 

capacity as large as possible without losing the horizontal effect 

of the case. The central bay of drawers is wider than the side bays 

to allow for some larger drawers and because the narrow side bays 

keep the doors from looking too square. The resulting side bays 

frame and balance the strongly horizontal case. 

Federal sideboards typically rely on large veneered surfaces for 

decoration. But a simpler, solid-wood construction inspired by the 

period could be built easily using this construction system (top 

left). Touches of inlay and the use of simple stringing (inlaid veneer 

strips) echo the effect of the more complex examples. I would use 

legs that are either tapered and inlaid or turned below the case 

bottom. Turned legs could be embellished by reeding the long 

tapers. The square top section of the legs could have a rectangular 

panel defined by holly stringing. To maintain the flat appearance of 

Federal veneered doors, two options come to mind: 1) a solid-wood 

frame-and-panel door with the panel rabbeted to be flush to the 

frame or 2) a mitered solid-wood frame with a veneered panel for 

contrast. A small, curved apron below the bottom edge of the case 

would soften the shape of the case. The long, slender legs and 

small case section give the piece a delicate appearance. 

A Stickley-influenced, Arts and Crafts sideboard should be heavi-

er looking to emphasize its medieval inspiration (center). I would 

use oak, fumed or stained to look old. The legs could be thicker to 

stand proud of the case. The case ends as well as the front framing 

members would be set back 1 ⁄8 in. to make the construction dis-

tinct. The divisions of the front space enhance the overall effect: 

The doors are square and severe, eliminating any sense of vertical 

lift. The large drawer at the bottom has a slablike appearance. The 

entire piece looks solid and heavy. 

Also under the umbrella of the Arts-and-Crafts movement is the 

Greene-and-Greene sideboard (left). The furniture and architecture 

of Greene and Greene are a bit more refined and softer than Stick-

ley’s, with more gentle curves. The piece is strongly horizontal—

even the doors are wider than they are tall. You can incorporate 

these and other details: carved door panels or stepped cloud-lift 

door rails, ebony splines and details, and bordering surfaces 

enhanced by setbacks and rounded corners. The overall effect 

should balance explicit construction with softness in detail. 

Proportion and detail can be used to lend a sideboard a period feel. 

Details for any style

GREENE AND GREENE

By adding an inlaid apron and carefully 
tapering and inlaying the legs, a simple 
design turns into a Federal showpiece.

Typical of the Arts and Crafts movement, this 
design uses heft and hardware to create a 
solid sideboard with a medieval inspiration.

Ebony splines, pulls, and pegs, rounded 
corners, and carefully recessed legs can be 
used to build a softer Arts and Crafts style. 

STICKLEY

FEDERAL
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ordinary. Mortise-and-tenon frames that 
separate the drawers are glued in the front 
3 in. or so but not at the back. Leaving 
space at the back ensures that when the 
case shrinks, the frames don’t push against 
the back of the case. Both the frame-and-
panel doors and the dovetailed drawers 
are built using the usual methods, but I put 
small vertical stops behind the doors. 

The rear legs and the bottom are rab-
beted to accept the back. The back on the 
mock-up is a series of 1⁄4-in. panels held 
by rabbeted cleats attached with screws. 
The top is ripped even with the bottom of 
the back rabbets so that the back boards 
run up to the exposed top. (This is not 
critical, but it does make it easier to fit the 
back.) A more elegant solution would be 
to resaw thin shiplap boards and run them 
vertically across the back. The top can be 
cut to allow some overhang, then molded 
and screwed down from below.

Alternative constructions
There are a number of places where con-
struction can be altered to save wood 
or to produce a slightly different effect. 
People are often surprised by the use 

of a full-board top and bottom. While it 
does use extra wood, it also adds strength 
to the case, resists cupping at the ends, 
and provides built-in kickers for the top 
drawers. 

As a substitute, you could use two wide 
rails, with gussets or without. If your de-
sign has no cupboard space, you could 
use similar rails at the bottom. To allow for 
wood shrinkage, remember to fit any kick-
ers with gaps at the shoulders and leave 
the rear tenons unglued.

The case ends could also be thinner than 
the legs, creating either a reveal where the 
ends join the legs or a recessed nook inside 
the case. Because of the added complexity 
of the case dovetails and drawer frames 
in the latter option, I would use it only if 
saving weight or wood is an issue.

It’s easy to add decorative aprons be-
tween the legs (see the bottom drawing 
at right). At the lamination stage of mak-
ing the case ends, glue on the outer layer 

SIDEBOARD BACK 

BACK RIDES 
IN RABBETED CLEATS

Rabbeted cleats are screwed to the rear 
top and bottom of the case. Three panels 
of 1 ⁄4-in. plywood slide easily into place. 

Rabbet

Panel

Cleat

DECORATIVE APRON 
ADDS TO DESIGN
Cut the primary wood long and glue it to 
the secondary wood to form an apron that 
can be accented with scrollwork inlay. 
Cutting the secondary wood shorter allows 
you to employ the construction methods 
used on the basic case.

Secondary (inner) wood

Primary (outer) wood 
is left long to form 
decorative apron.

RAISE THE CENTER SECTION
No matter how you change the design, the 
rules of construction are simple—dovetail 
joinery is used at all corners, and multiple 
through-tenons are used where a board 
joins another along its length. 

Dovetails

 Multiple through-tenons

long at the bottom. This creates a large lap 
for the dovetails, which, as before, are cut 
flush on the inner layer of the end. The 
outer layer hangs down and can be sawn 
to shape. To add an apron across the front, 
the bottom can be cut back and an apron 
piece glued onto the edge of the bottom. 
If the apron is wide at the center, it can 
be braced from behind. If it is wide at the 
leg, it should be tenoned into the leg to 
prevent racking and twisting.

The most common change to the case is 
to have the bottom step up in the middle. 
This introduces movement, breaks up the 
strongly horizontal case, and allows dif-
ferent ways of arranging the doors and 
drawers. This type of case construction is 
more complex, but it uses the same joints 
as before (see top drawing, right). Just re-
member how this system works: If a case 
part joins another at a corner, dovetail it; 
if a part meets along another’s length, use 
multiple tenons. When you add a step up 
in the center of the case, only the fitting 
sequence changes.

First, cut and fit the multiple stub-tenon 
joints between the inner verticals and cen-
ter bottom panel. All of the stub tenons 
can be cut at the same time, but put off 
dadoing the top until the center panel is in 
place. The important thing here is to keep 
the inner verticals parallel. If the center 
panel clamps up shorter than planned, it’s 
easier to move the dadoes in the top board 
(and make the center section smaller) than 
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it is to live with verticals that aren’t perpen-
dicular to the case.

Now, fit the dovetails of the ends to the 
top. While cutting the outer bottom panels, 
you can make any necessary adjustments. 
The most important thing is to keep the 
verticals parallel. Many things can creep 
in to change the exact locations of the 
verticals, but the top now tells you the 
actual distance between the inside faces of 
the verticals, a measurement that is more 
important than the overall length of the 
bottom pieces. So if the bottom location 
changed or you cut the bottom a bit short, 
adjust the gauge line for the dovetails until 
the distance between them is the amount 
required. The slight change of length in the 
tails is absorbed in the lap of the pin piece. 
As before, the space below the raised cen-
ter section can be filled with decorative 
apron pieces.

Proportions and style
In designing a sideboard, it’s important to 
consider the visual effect that the propor-
tions and construction methods will have, 
then choose ones that help express the 

intent of the design. Before considering 
any decorative effects, sketch a few cases 
of different sizes and proportions (see the 
story above). Then use tracing paper to try 
out a variety of partition locations and to 
vary the door and drawer sizes. This exer-
cise gives you a sense of how changes in 
proportion alter the effect. You may find 
yourself discarding all of these sketches, 
preferring to develop a second set using 
your eye to judge correctness. 

The methods used on the mocked-up 
sideboard should provide the basics of 
construction. More complex cases are pos-
sible, but they are all offshoots of this basic 
method. You can choose details to design 
a sideboard with a refined period look, 
or opt for something more contempo-
rary. Most alternative designs don’t really 
change the construction methods much. 
They are additions to the basic case that 
either save wood or provide surfaces for 
design options.  

Will Neptune is a furniture maker in Acton, 
Mass., and a former woodworking instructor 
at North Bennet Street School in Boston.

With a sideboard, as the case gets larger and the negative space between 

the legs grows smaller, the piece begins to look more massive. But take a 

look and compare cases 1 and 2. Case 1 is far more delicate in size, but the 

case divisions give a static effect because they are based on squares and 

rectangles. Although case 2 is much bigger, both the vertical rectangles of 

the doors and the graduated drawer sizes help relieve any sense of heaviness. 

What if the drawers were the same size and the doors more square?

Putting the doors on the outer parts of case 3 leaves the drawer compart-

ment overpowered, at least to my eye. Even though the initial placement of the 

partition gives equal divisions, once the central space is divided, it looks small.

Case 4 uses proportions that I often rely on. Making drawers in the middle 

wider than the doors gives the facade a strong impression but is not as ob-

vious to the eye as dividing the facade elements evenly. Dividing the total 

sideboard height in half is also satisfying but remarkably subtle because it 

takes a moment to see the relationship of the positive space to the negative. 

Overall, I like the interplay of vertical and horizontal rectangular spaces. But 

I would still be willing to adjust things by eye to get a more pleasant drawer 

spacing, for instance. For me, it’s less important that the height be exactly 

divided in half than it is for the divisions of space to produce an impression of 

these proportions.

With a sideboard, as the case gets larger and the negative space between 

Finding the right proportions

4

3

2

1
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From simple to refined, drawer 
options for the furniture maker

B Y  M A T T H E W  T E A G U E

BUILDING DRAWERS ]

Drawers
Illustrated Guide to

Whether it’s a tiny drawer in a jewelry box 
or the wide, deep drawer of a dresser, all 
drawers are little more than a box that 

slides into an opening. There are nearly endless 
combinations of construction methods that can be 
used to build that box, but a few stand out as the 
best blends of beauty, strength, and efficiency. 

Drawers can be made of solid wood, 
plywood, or a mix of both. Drawer fronts 
often become the focal points of a piece, 
showing off spectacular figure in a board 
or sheet of veneer. They can be flush to, 
recessed into, or overlapping the front of 
the case, and they can be decorated using 
beads or profiles. Corner joinery, at both 
the back and front of the drawer, can 
range from simple butt joints to variably 

spaced dovetails. Drawer bottoms can be 
made from solid wood or plywood. 

The drawer joinery and materials you choose 
should fit the type of furniture you want to build—
quick-to-make joints and inexpensive materials for 
drawers in a utility cabinet, finely crafted joints and 
quality materials for drawers destined for an heirloom 
piece. Regardless, when it comes to building a drawer, 
the most important joint is the one that connects the 
sides to the front.

Strong joinery ensures long drawer life
Most stresses on a drawer occur at the front corners—
after all, a drawer is opened by pulling on the front. 
Any action that isn’t straight in or out of the drawer 
pocket also causes racking stress, which hits the front-

The ideal drawer
As you can see, there are a number of great ways to build a drawer. A utility 
or light-duty drawer (top) might be a simple combination of a pinned rabbet 
joint at the front, a back that’s dadoed into the sides, and a plywood bottom. 
A high-end drawer (bottom) could have hand-cut half-blind dovetails at the 
front, through-dovetails at the back, and an elegant raised-panel, solid-wood 
bottom. And sliding dovetail joints (middle) fall somewhere in between. 
Read on to learn how to balance elegance and efficiency for the job at hand.

From simple to refined, drawer 
options for the furniture maker
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Drawers

Whether it’s a tiny drawer in a jewelry box 
or the wide, deep drawer of a dresser, all 
drawers are little more than a box that 

slides into an opening. There are nearly endless 
combinations of construction methods that can be 
used to build that box, but a few stand out as the 
best blends of beauty, strength, and efficiency. 

Drawers can be made of solid wood, 
plywood, or a mix of both. Drawer fronts 
often become the focal points of a piece, 
showing off spectacular figure in a board 
or sheet of veneer. They can be flush to, 
recessed into, or overlapping the front of 
the case, and they can be decorated using 
beads or profiles. Corner joinery, at both 
the back and front of the drawer, can 
range from simple butt joints to variably 

spaced dovetails. Drawer bottoms can be 
made from solid wood or plywood. 

The drawer joinery and materials you choose 
should fit the type of furniture you want to build—
quick-to-make joints and inexpensive materials for 
drawers in a utility cabinet, finely crafted joints and 
quality materials for drawers destined for an heirloom 
piece. Regardless, when it comes to building a drawer, 
the most important joint is the one that connects the 
sides to the front.

Strong joinery ensures long drawer life
Most stresses on a drawer occur at the front corners—
after all, a drawer is opened by pulling on the front. 

The ideal drawer
As you can see, there are a number of great ways to build a drawer. A utility 
or light-duty drawer (top) might be a simple combination of a pinned rabbet 
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PINNED RABBET 
The rabbet is easy to make, but it’s not very 
strong. It should be reinforced with some kind 
of fastener, such as recessed screws, cut 
copper nails, or wooden dowels or pegs, which 
offer a clean, handmade look.

Rabbet should be half to 
two-thirds as thick as the 
drawer front.

TONGUE AND RABBET
Though it takes a few more tool setups, a 
half-blind tongue and rabbet adds built-in 
mechanical strength to the joint. For this 
reason, it’s usually not necessary to reinforce 
this joint.

Tongue adds mechanical 
strength to resist pulling 
forces.

DOVETAILED RABBET
A dovetailed rabbet is stronger and more 
attractive than a simple rabbet joint. This 
type of corner joint also should be reinforced 
with pegs, brads, or some kind of mechanical 
fastener. 

Pins hold joint secure 
against pulling forces.

SLIDING DOVETAIL
Sliding dovetails are a quick, strong joinery 
option and often are used on drawers designed 
with overlay fronts and on flush drawers that 
use mechanical slides. 

3⁄8 in. min. 
(½   in. for 
mechanical 
slides)

FINGER JOINT
The finger joint has a series of narrow knuckles 
that lace together and offer plenty of long-grain 
glue surfaces. Because the tool setups are the 
same, if you use finger joints at the front of a 
drawer, use them at the back, too.

Joint can be 
reinforced 
with small 
pegs at the 
top and 
bottom. 

BOX JOINT
The box joint is the beefier cousin of the finger 
joint. If you’re using box joints at the front of a 
drawer, it’s efficient to use them at the back, 
too, because tool setups are identical.

Joint can be 
reinforced with 
pegs at the top 
and bottom, 
or through the 
front or sides. 

HALF-BLIND DOVETAIL
Many regard the half-blind version as the 
king of dovetail joints. For concealed joinery 
with superior strength, half-blinds are a good 
choice. 

Tails reach 
about halfway 
to two-thirds 
of the way into 
the pin board.

THROUGH-DOVETAIL
If you like the look of exposed joinery, the 
angled tails and pins of a through-dovetail 
create a secure joint that resists pulling and 
racking forces. Through-dovetails also can be 
used at the back of a drawer.

LIPPED HALF-BLIND DOVETAIL
For overlay drawers with excellent strength, use 
lipped half-blind dovetails. With this joint, the 
front is rabbeted and joined to the sides with 
dovetails. 

The drawer 
front is 
rabbeted 
on the top 
and sides.

Front-corner
joints

The joinery at the front corners of a drawer determines the overall look and often differs from the joinery 
at the rear corners. Below are nine common methods used to connect the front of a drawer to the sides. 
Whether you’re looking for a quick joint that gets the job done or a long-lasting, hand-cut detail, there’s a 
joinery option to fit your tastes, needs, and skills. 

Tail portion, 
or key, should 
extend into 
at least half 
the thickness 
of the drawer 
front. 

Joint 
begins 
and ends 
with a 
half-pin.

Drawer-front 
edges can be 
shaped with 
a decorative 
profile. 
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Key should extend into at 
least half the thickness of 
the drawer side. 

DADOED RABBET 
The dadoed rabbet helps keep the 
drawer square and is easier to fit than a 
simple dado. You rabbet the back to fit 
the dado, as opposed to trying to match 
the dado width to the thickness of the 
back. Leaving the sides long at the back 
will give you access to the full depth of 
the drawer when it’s open. 

SLIDING DOVETAIL
The sliding dovetail has built-in 
mechanical strength (instead of glue 
alone) to help hold the joint tightly. As 
with the dado (above), leaving the sides 
long at the back will give you access to 
the full depth of the drawer when it’s 
open. 

½   in. extra 
length at back

corner joints hardest. For these reasons, 
front-corner joints should be as strong 
as possible and have some mechanical 
reinforcement. This mechanical connec-
tion can be as simple as pegs or pins in a 
rabbet joint, or it can be the interlocking 
strength of the classic half-blind dovetail 
(see sampling of joints on p. 79).

At the back corners of a drawer, aesthet-
ics are less of a concern because these cor-
ners are rarely seen. Even though the back 
corners suffer less racking and stress than 
the front corners, you still want to choose 
a sound mechanical joint. Often, the rear-
corner joints are different from the front-
corner joints. If you are using a machine 
setup to cut the front joinery, however, it 
makes sense to use those same setups to 
cut the back joinery. Some rear-joint op-
tions, such as the dado and the sliding 
dovetail, allow you to create a drawer with 
built-in full-extension slides so you have 
access to the entire depth of the drawer.

Drawer bottoms: Fancy or functional
As with the corner joinery, the choice of 
material and design for the drawer bottom 
depends on the style of drawer you are 
building—whether it’s a quick-and-dirty 
shop drawer or a drawer for a high-style 
reproduction secretary. 

Solid wood and plywood are commonly 
used for drawer bottoms. Solid wood is 
the traditional choice, and aesthetical-
ly, it’s hard to beat. But you must allow 
solid wood to expand and contract with 
changes in humidity. In most cases, solid 
bottoms are either raised or rabbeted to 
fit grooves in the drawer sides and front. 
Align the grain so that movement occurs 
front to back; doing otherwise could cause 
the drawer to bind. Typically, the bottom 
slides in from the rear and is screwed to 
the back via a slotted hole that allows the 
bottom to move without cracking.

Plywood is a much more stable choice 
for a drawer bottom because it does not 
expand and contract with humidity chang-
es as much as solid wood. Though repro-
duction builders and a few purists resist 
using plywood bottoms, it’s easy to argue 
their superiority. A plywood bottom can be 
housed in grooves in the sides, back, and 
front, or it can be slid in from the rear and 
screwed to the drawer back. 

Matthew Teague is a writer and woodworker in 
Nashville, Tenn.

DADO 
A simple dado cut in the drawer sides 
is an easy and effective means of 
attaching the back to the sides. When 
using a dado at the back, you can leave 
the sides long, creating in essence full-
extension slides that will give you access 
to the full depth of the drawer when it is 
opened.

To avoid interfering with the action of 
the drawer, any reinforcing fasteners 
must be flush or slightly countersunk 
on the drawer sides.

BUTT JOINT
Because the joint itself is seldom seen, 
a simple nailed or pegged butt joint is 
sometimes used at the back of drawers 
that see only light use. Adding biscuits is 
a good way to strengthen this otherwise 
rudimentary joint.

Shoulder helps 
keep the drawer 
square.

Rear-corner
joints

For both aesthetic and structural reasons, the back corners 
of drawers need not be joined in the same fashion as the 
fronts: The rear corners are less visible than the front 
corners and suffer less racking and stress during use. 

½   in. extra 
length at back

½   in. extra 
length at back
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length at back

PLYWOOD BOTTOM
Though reproduction builders and a few purists look down their noses at plywood drawer bottoms, 
they are more stable than solid wood and have great strength. A ¼  -in.-thick plywood bottom can 
carry all but the heaviest loads. Plywood bottoms can be slipped in after assembly, just like solid-
wood bottoms, or fully housed in grooves, as shown above.

SOLID-WOOD BOTTOM
Traditionally, solid-wood panels slide into place after the sides, front, and back of the drawer 
have been assembled. The back is cut shorter, allowing you to slide the bottom in place, and the 
bottom is screwed to the back through an elongated hole to allow for wood movement. Building a 
drawer in this way allows you to take it apart for repairs.

THREE EDGE PROFILES 
FOR A WOOD BOTTOM

BEVEL EDGE
A bevel edge can bind 
or rattle in its groove 
because it doesn’t sit on 
the groove bottom.
The extra thickness in the 
middle allows the bottom 
to carry a heavier load.

RAISED PANEL
A raised panel creates 
a flat on the edge for a 
better fit in the groove. 
The flat is usually cut 
using a router or shaper. 
The raised area provides 
a traditional look, and 
the extra thickness in the 
middle allows the bottom 
to carry a heavier load.

Drawer
bottoms

Solid wood and plywood are the most common materials used for drawer bottoms. A solid-wood panel will 
expand and contract with humidity changes, so it must be sized and installed to allow for that movement. A 
plywood bottom offers a more stable (and simple) option, but traditionalists see it as thin and bland.

Grain 
direction

Back cut short so 
panel can slide in.

Slotted hole 
for screw

Bottom sits in grooves 
in front and sides.

Movement occurs 
front to back.

RABBETED
The extra thickness of 
the bottom offers the 
same strength as a 
beveled or raised panel. 
Aligning the rabbeted 
edge parallel to the 
drawer parts makes 
squaring the drawer 
easier during assembly.

Panel housed in groove in 
sides, back, and front.

Bottom must be 
installed during 
glue-up.

1⁄8 in.
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The dovetailed drawer has long been 
the hallmark of quality, hand-crafted 
furniture. And for good reason: A 

dovetailed drawer is both beautiful to look 
at and strong enough to last 200 years. But 
dovetailing a drawer is not the daunting 
task you might think—all it requires is a 
little know-how and practice. No matter 
what size drawer you’re building or what 
piece of furniture it’s going into, the tech-
niques are the same. If you can build a 

drawer for a simple Shaker table, you can 
build a dozen of them for an 18th-century 
highboy. 

The key to building a drawer is learn-
ing to cut dovetails. A traditional dove-
tailed drawer combines both half-blind 
and through-dovetails. Because you want 
to see dovetails only on the drawer sides, 
use half-blind dovetails at the front of the 
drawer. Through-dovetails are used to con-
nect the back to the sides. In this article, 

The Dovetailed Drawer

Learn to 
build traditional 

drawers that 
stand the test 

of time

B y  J a n e t  a .
C o l l i n s

Groove

Drawer 
side

Half-blind 
dovetails

Through-dovetails

Drawer front

Drawer back Screw slot

Beveled 
drawer 
bottom

BuiLDinG drawers ]
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I’ll walk you through cutting the half-
blind and through-dovetail joints typical 
in traditional drawers. I’ll focus mainly on 
cutting half-blind dovetails, because once 
you learn to cut those, through-dovetails 
become a piece of cake.

I teach a three-day workshop on cutting 
half-blind and through-dovetails. In that 
class, students not only learn how to lay 
out and cut these two joints, but also how 
to build a traditional dovetailed drawer. 
The first order of business is to tune up 
your tools: two chisels, a dovetail saw, 
and a marking gauge. Using properly 
tuned tools makes your woodworking life 
much easier. 

As you’re working, remember to cut 
pins on the drawer front and back and 
tails on the drawer sides. Dovetails go to-
gether and come apart only one way, and 
this orientation works with the movement 
of the drawer being opened—you won’t 
loosen the joint as you open and close 
the drawer.

Build drawers to fit the case
Before you start building drawers, your 
table or case piece should be constructed 
and glued up, and the drawer parts should 
be milled to finished thickness. Drawer 
fronts should be 3⁄4 in. to 7⁄8 in. thick; sides 
and back should be 3⁄8 in. to 1⁄2 in. thick. 

Now cut drawer parts to length and 
width based on the opening in the case 
piece or table. For a flush drawer, rip the 
fronts and sides approximately 1⁄64 in. 
smaller than the height of the opening. To 
accommodate the bottom, cut the drawer 
back 1⁄2 in. narrower than the sides. Then 
mark the lengths directly off the case piece 
and crosscut them to size at the tablesaw. 
The length of the sides should be approxi-
mately 1⁄2 in. shorter than the depth of the 
drawer opening in the case. 

Now you need to decide which will 
be the inside and outside faces of each 
drawer part. If you place the heart side of 
the board facing out, the drawer parts will 
cup toward the inside. The mechanics of 
the joint will help control this cupping. 
However, aesthetics rule—especially on 
the drawer front. If the bark side is more 
attractive, place that side out. 

With all of the pieces marked, cut 
grooves along the lower edge of the front 
and sides. The 1⁄4-in.-wide by 1⁄4-in.-deep
grooves should be 1⁄4 in. up from the bot-
tom on the inside of the drawer front and 

sides. This can be done with a dado set 
on the tablesaw or with straight bits on the 
router table. Once the grooves have been 
cut, you can start marking the parts. 

The shoulder lines of the dovetails are 
based on the thickness of each part, which 
changes slightly in final preparation. Be 
sure to plane, scrape, or sand (to P220 grit) 
the drawer parts before laying out and cut-
ting any dovetails. Once you’ve removed 
the machine mill marks, organize and label 
all the drawer parts. Mark the inside face 

and adjacent drawer-bottom edge of the 
front, sides, and backs. Mock up or ex-
plode the box and mark adjacent corners 
to be dovetailed. You will be checking for 
this orientation and the reference marks as 
you lay out and cut the dovetails.

Cut the pins first
Because half-blind dovetails are slightly 
more difficult to cut than through-dovetails, 
I’ll focus on cutting the half-blind dovetails 
at the front of the drawer. But the same 

Measure the 
drawer parts 
straight off the 
case. Cut the 
sides about 1⁄64 in. 
shy of the height of 
the drawer open-
ing (left). Trim the 
drawer front for an 
even reveal at the 
top, bottom, and 
sides (below).

f it  the 
drawer 
to the 
opening
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principles apply. There is much debate 
over whether to cut the pins or the tails 
first, but I always cut the pins first. I find 
it is easier to square up the surfaces of the 
pins and use them to scribe the tails, rather 
than the other way around. 

Shoulder lines are the first layout marks 
placed on each piece and reflect the thick
ness of the piece being dovetailed into it. 
Set a marking gauge to the exact thickness 
of the sides and scribe a shoulder line on 
all four edges of each end of the back. If 
the sides are the same thickness as the 
back, scribe the ends of the sides with the 
same gauge setting. If the sides are not 
the same thickness as the back, reset the 

gauge and scribe the 
shoulder lines to 
the thickness of the 
drawer back. By set
ting the gauge to the 
exact thickness of the 
pieces and cutting ac
curately, you eliminate 
a fair amount of hand
planing and sanding.

The lap of the pin 
board (drawer front) should be 3⁄32 in. to 
3⁄16 in. A lap thinner than that can be weak 
and may break when you chop between 

pins. Remember to use the inside face of 
the drawer as your reference face. If the 
drawer front is 3⁄4 in. thick, set the marking 
gauge to 9⁄16 in., leaving a 3⁄16in. lap.

Set the marking gauge to scribe a line 
in the end of the board. Be sure to leave 
3⁄32 in. to 3⁄16 in. as the lap. Scribe the ends 
of the drawer front as well as all sides of 
the ends of the tail boards. Change the 
marking gauge to match the thickness of 
the tail board and scribe this line only on 
the inside face of the pin board. 

Place the pin board in the vise with the 
inside surface facing you. Doing it this way 
consistently helps ensure that you orient 
the pins correctly over and over again. To 
help students orient the pins correctly, I 
tell them to remember “fat side or wide 
side, inside.” Mark the angle of the pin 
on the end grain with the widest part of 
the dovetail on the inside of the drawer. 
To save yourself work later when you’re 
chopping out the tails, make sure your 
pins are only as narrow as the thinnest 
chisel you own.

For both through and halfblind dove
tails, both edges of the pin board should 
have what are called halfpins. These half
pins can be up to the same width as the 
full pins but have the angle on only one 

Mark the angled pins. Set a 
bevel gauge to the desired angle 
to guide your pencil. The first and 
last are half-pins; any others are 
equally spaced between them.

8 in.

6 in.

1 in.

1:6

1:8

setting the 
bevel-gauge angle

half-bl ind doveta ils  jo in the front to the s ides

1. Draw tick marks 6 in. 
and 8 in. from the end of 
the board. Next, mark a 
point 1 in. from the edge. 
Connect these points to 
create angles with ratios 
of 1:6 and 1:8.

Lay out the depth of the tails. Mark 
the lap where the drawer side joins 
the drawer front. Leave between 3⁄32 in. 
and 3⁄16 in. of material so that the tails 
are hidden when the drawer is closed.

1  lay out and cut the pins

2. Set the bevel 
gauge against 
the board and 
adjust to the 
desired angle.

Lap of the pin board 
should be 3⁄32 in. to 3⁄16 in.

Drawer side, 3⁄8 in. 
to 1⁄2 in. thick

Drawer front, 3⁄4 in. 
to 7⁄8 in. thick

Groove 
for drawer 
bottom

Half-pin
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side. The half-pins help keep the edges 
of the tail board from cupping. Space the 
pins by measuring and dividing the board 
evenly. My way is quick and simple. I use 
the width of my index and middle fingers 
to mark the space between the centers of 
the pins. These marks are made on the in-
side edge. Then I mark 3⁄16 in. to each side 
of the center mark of each pin, to end up 
with pins that are 3⁄8 in. wide (fat side).

Use a bevel gauge to draw the angle 
on the end grain for each pin. The angle 
should be approximately a 1:6 to 1:8 ratio. 
Use a square to connect the line and con-
tinue it down the shoulder line. The angle 
line and this square line are the only two 
lines you need to cut the pins (or tails).

Mark the area to be removed with an 
X and use a fine dovetail saw (15 tpi or 
more) to cut to the line. Saw the pins, mak-
ing sure not to cut into the lap or the in-
side of the drawer. Chop out the cheeks of 
the pins that cannot be cut with the saw. 
Clamp the pin board inside-face up to the 
workbench. Start away from the shoulder 
line and alternate chisel blows between 
horizontal and vertical. Do not undercut 
the lap or shoulder too much. Place the 
board back in the vise and pare (trim) 
the cheeks. Use the back of the chisel to 

Continue the lines around the corner. Use 
a square to mark out the pins to a shoulder 
line that represents the thickness of the draw-
er side. Mark areas to be removed with an X. 

Mark out the tails. Place the 
drawer side flat on the bench 
and clamp the drawer front at 
a right angle. With the end of 
the side flush to the end of the 
lap, mark the tails using a 
sharp pencil.

Saw away what you can.
The edges of the sides can 
be cut close to the line. Pare 
away what little is left using a 
sharp chisel, and chop out the 
area between the tails just as 
you chopped out the waste 
between the pins.

Follow the lines. To cut out the area between 
the pins, use a fine dovetail saw (15 tpi or 
more) and cut to both lines.

Chop out the pins. Begin by chopping down 
just inside the shoulder line, then chip away 
the stock with horizontal blows. Pare to the 
shoulder line and clean up the sides.

2  scribe and cut the tails
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follow both the angled line and the square 
line to bring the entire cheek of the pin 
into square. Use a combination square to 
check that the pin edges and shoulders 
are square. 

Scribe tails from pins, then cut away 
the waste—The tails are scribed off the 
pins only after you are satisfied that all of 
the pins are square. Place the tail board 
inside-face up on the bench. Clamp the 
pin board 90° to the face of the tail board, 
just as if the drawer were going together. 
Line up the inside face of the pin board 
directly on the inside edge of the tail-board 
shoulder line. Scribe the tails using a sharp, 
hard-lead drafting pencil, which leaves a 
thin, definite line.

Place the tail board in the vise with the 
inside facing you. Draw a square line 
across the end grain from the end of each 
angled line. Remember that the angle of 
the pins appears on the end grain and 
that the angle of the tails appears on the 
face of the board. Mark the waste with an 
X and cut to the pencil line, not into it. If 
you cut beyond the pencil line you will 
have a gap. Chop out the waste as you did 
for the pins, but stop at half depth and flip 
over the board. Repeat the process on the 
other side and check to see that everything 
is square. 

At this point, your dovetails should start 
to fit together. If they are a little snug, pare 
only the tails. Once you have squared the 
pins, they should not be touched again. 

Cut the through-dovetails
Through-dovetails join the drawer sides to 
the back. Lay out the pins using the same 
technique described for the half-blind 
dovetails, but you don’t have to leave room 
for the lap. Once the pins have been cut, 
chop out the waste halfway through the 
pin board’s thickness, leaving some mate-
rial to support the end. Then pare to the 
shoulder line. Flip over the piece, continue 
to chop out waste, and then pare to the 
shoulder line. Place the piece back in the 
vise and pare the cheeks square. This area 
can be slightly undercut in the center. Tails 
are marked and cut exactly the same as 
they are on the half-blind dovetails. 

Glue up the drawer 
and slide the bottom in place
Now, when you assemble the dovetails, 
you have four pieces of wood that are 
starting to resemble a drawer. At this point, 

There’s no need to angle 
the saw. When cutting the 
pins for through-dovetails, 
you can cut all the way to the 
shoulder line.

through-doveta ils  jo in the back and s ides

Through-dovetails go all 
the way through. To mark 
out the tails, clamp the back 
at a right angle to the side. 
Because the tails go com-
pletely through, make sure 
the back and side are flush. 

Drawer bottom, 
1⁄2 in. thick, is beveled 
to fit grooves in the 
sides and the front.

Side

Groove

Drawer back is 1⁄2 in. 
narrower than the sides to 
allow for the drawer bottom.

Half-
pin

Half-pin
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typically use the tablesaw to cut this bevel 
and handplane the bottom to fit. The bot-
tom should fit the groove so that it slides 
easily but not be so loose that it rattles. 
Finally, cut a slot (a 1⁄8-in.-wide sawblade 
kerf) in the back edge of the bottom to 
screw the bottom to the drawer back. The 
slot should be long enough to allow the 
bottom to expand and contract freely.

For the final drawer fitting, lightly plane 
the sides to fit the case. If the drawer needs 

some height shaved off, take it off the top 
of the drawer, leaving your flat (reference) 
edge alone on the drawer bottom.

I usually finish the inside of the drawers 
and the case itself with shellac. Oil finish 
inside a case takes longer to cure, usually 
smells for a long time, and can become 
gummy and tacky over time.

Janet A. Collins runs the Workshop Program at 
North Bennet Street School in Boston. 

you can glue up the drawer, making sure 
that it is kept square while you clamp it.

A traditional dovetailed drawer uses a 
solid-wood bottom. The grain of the draw-
er bottom should run side to side, allow-
ing it to expand and contract from front 
to back. Edge-glue enough 3⁄8-in.-thick 
stock to equal the drawer depth. Cut these 
panels 1⁄16 in. smaller than the dimen-
sion of the drawer and the bottom of the 
grooves. Bevel the bottom of the drawer. I 

Glue blocks fit the tails. Use 
clamping blocks made of the 
same species as the drawer 
sides (or a softer wood). Be 
sure to remove any material 
that might crush the pins. 
Taping the blocks in place 
helps ease assembly.

Slide the bottom in place. Beveled sides of the bottom should fit smoothly into the 
drawer grooves. A single screw at the back—and no glue—is all that is needed to hold the 
bottom in place and allow for seasonal movement.

Raised-panel drawer bottom. Once the drawer 
bottom has been sized and beveled at the tablesaw, 
handplane the bevels to fit.

Check for square. Once the 
clamps are in place, check the 
diagonals to see whether the 
drawer is square.

install ing the drawer bottom

gluing 
and clamping
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Side-Hung  
    Drawer Slides 
No-nonsense approach keeps drawers 
running straight and smooth

88 F I N E  W O O D W O R K I N G

EASY TO INSTALL
Wooden guides are mounted to the case sides 
and mate with grooves in the drawer sides. The 
guides support the drawer in the open and closed 
positions and also serve as drawer stops.

Groove in 
drawer side

Drawer guide, 
attached to case side

BUILDING DRAWERS ]
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Over the years, I’ve constructed all sorts of drawer systems, 
from traditional drawer pockets consisting of rails, kick-
ers, and runners, to elaborate center-hung guides. But 

nothing beats the simplicity and adjustability of side-hung guides. 
With this system, wooden guides are mounted to the case sides 
or table aprons and mate with grooves in the drawer sides. The 
guides support the drawer as it is opened and closed, and they 
also serve as the kickers (to prevent tipping) and drawer stops.

you will find side-hung drawers on everything from utility cabi-
nets to elegant chests of drawers to tables—and for good reason. 
Without the need for the rails of a traditional drawer pocket, side-
hung guides allow you to design a bank of drawers with a clean, 
uninterrupted façade. They also allow for deeper drawer boxes. 

most important, however, is the straightforward installa-
tion. Side-hung guides make it easy to achieve perfectly fitting  
drawers in a chest or table and will provide smooth-gliding  
service for many years. 

 
Side-hung guides simplify a chest of drawers
Fitting drawers is an exercise in trial and error. Too tight a fit, and 
the drawer will jam when the weather is moist; too sloppy a fit, 
and the drawer will bind and slide roughly in the opening. using 
side-hung guides does not exempt you from building a cabinet 
with a straight and smooth drawer pocket, but it does simplify 
the process of hanging a bank of drawers. 

Make the guides as thick as possible—When sizing the 
guides for a chest of drawers, consider how much weight the draw-
ers will carry. In general, drawers that carry a lot of weight need 
beefier guides. a rule of thumb is to make the guides about 3⁄4 in.  
to 1 in. wide and as thick as possible without compromising draw-
er strength. also, because of the abuse the guides must endure, 
make them of a hard-wearing wood, such as teak or ash. Teak is 
ideal because its oily nature makes for smooth-gliding action.

Side-hung guides have a couple of key requirements when it 
comes to the drawer construction. First, the sides must be thick 
enough to allow for the grooves that mate with the guides. Generally,  

Side-hung guides simplify table construction. They eliminate the 
need for traditional rails and kickers to support the drawer. In tables,  
the guides must be a bit wider than they are thick so that they can  
clear the inside of the legs.

B y  M a r k  E d M u n d s o n

Drawer guide



Cut the grooves first

Take light cuts and hold 
the drawer firmly. A 1⁄2-in.-
thick MDF strip clamped 
to the tabletop (above) pre-
vents the drawer from jump-
ing away from the fence. The 
stop block clears the lower-
cut drawer back but hits the 
front (right), so the groove 
ends in the right spot.

Installing a bank of drawers that ride on side-hung guides is simplicity itself. 
Build the case and drawers, cut grooves in the drawer sides to house the 
guides, and mill up the guides. Then install the guides in the case, one pair 
at a time, using a plywood spacer for accuracy (see pp. 92-93). 

Stop the groove 11⁄2 in. from 
the drawer joinery—1⁄2 in. is 
the minimum.

LOCATE GUIDES IN 
OR NEAR THE CENTER 
OF THE DRAWER SIDES

When fitting the guides 
to the drawer grooves, 
make them a hair thicker 
than necessary. Plane 
them down later to get 
a perfect-fitting drawer. 
Leave at least ¼   in. of 
material between the 
bottom of the groove and 
the inside of the drawer.

Cut the drawer back 1⁄4 in. shorter in 
height than the sides and front so 
that it clears the stop block during 
routing (see photos, right).

Elongate screw holes 
toward the back to allow 
for movement in a 
solid-wood case side.

Chamfer the opening 
of the groove to make 
it easier to engage 
the guide.

Leave 1⁄32-in. gap 
on bottom.

1⁄16-in. 
reveal, 
maximum

Drawer side

Guide
Case side

1⁄4 in., minimum
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Drill pilot holes for the screws. In solid-wood construction, be sure to 
elongate the holes toward the back of the guide to allow for wood movement 
in the case sides. 

for strength there should be at least 1⁄4 in. of wood remaining 
between the bottom of the groove and the inside of the drawer. 
Also, cutting the drawer back about 1⁄4 in. shorter in height than 
the sides and the front allows you to plow the grooves in both 
sides with only one stop setup. 

Cut matching stopped grooves in the drawer sides—To 
make things go smoothly when building a bank of drawers, create 
a story stick out of scrapwood that shows all of the drawer heights, 
the reveal between each drawer, and the guide/groove locations. 
If all the drawers are the same size, you can use the same router 
setups for all the cuts. For drawers of different heights, you’ll have 
to adjust the fence and stop, as needed.

Start by transferring the groove location from the story stick to 
each drawer side. Mark the top, bottom, and depth of the groove 
(the thickness of the guide). If the drawers are all the same size, 
you don’t need to transfer this location to every drawer. 

Next, chuck a straight bit in the router. Ideally, you should 
use a bit with the same diameter as the width of the groove. If 
that’s not possible, set up the fence to cut one side of the groove. 

Tight, but not too tight. The guides should ride in the 
grooves smoothly with very little slop top and bottom.

Smooth the edges and chamfer the tips. Sand lightly and 
chamfer the tips of the guides to make installation easier.

Begin by planing the guides slightly thicker than the 
depth of the groove before cutting them to width and 
length. Check their fit in the drawer grooves. Leaving the 
guides slightly proud of the sides will allow you to plane 
them down later to get a perfect-fitting drawer.

Then mill the guides to fit

After cutting to depth, readjust the fence in or out to plow the 
rest of the waste. 

To ensure the same length groove and stopping point for the 
drawer, I devised a stop-block setup that works for the cuts on 
both sides of the drawer (see photos, facing page). I typically 
stop the groove 11⁄2 in. from the front of the drawer. There’s no 
hard-and-fast rule here, but to avoid compromising the joinery at 
the drawer front, you should clear it by at least 1⁄2 in. 

The stop can be made from scrap about 1⁄2 in. thick and wide 
enough to be clamped to the router-table fence. To determine 
the length of the block, measure the distance from the front 
edge of the drawer to the stopping point of the groove. Subtract 
the thickness of the drawer front, multiply that number by two, 
then add the diameter of the bit. For example, if you are using a 
3⁄4-in.-dia. bit and want the groove to stop 11⁄2 in. from the edge of a 
drawer front that’s 3⁄4 in. thick, make the stop block 21⁄4 in. long. 

Mark the center of the stop block, align it with the center of the 
router bit, and clamp it in place. To keep the drawer from wandering 
away from the fence, create a channel for it by adding a long strip 

1

2 3
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Screw the guide in place. Drive screws only in  
the elongated holes for now. This makes it easy to 
adjust the guide in or out later when you’re fitting the 
drawer. Slide the spacer to the other side of the case 
and repeat.

Test the fit as you go. If the reveal is not right, 
remove the drawer, loosen the screws, and slide the 
guides forward or backward as needed. If the fit is 
too tight, carefully plane or sand the guides.

Rip and repeat. After the top drawer 
has been fitted, repeat the installation 
process for the drawers below. Cut the 
spacer to the proper width, install the 
guides, and test-fit the drawer.

of plywood or medium-density fiberboard (MDF) clamped to the 
router table. Leave about 1⁄32 in. of clearance between the strip and 
the drawer so that the drawer slides smoothly without jamming.

Now you’re ready to rout. For a smooth finish, take light passes, 
gradually raising the bit to final height. The stop block will clear 
the drawer back but will hit the front. Don’t ram the stop block 
and knock it out of alignment; allow the drawer front to just kiss 

the block. Cut one side, flip the drawer, then cut the other side, 
running the same reference surface against the fence. One of these 
cuts will be a climb cut, which will want to pull the workpiece into 
the bit. A light cut and the channel will help with control.

Smooth grooves mean smooth drawer action, so clean up rough 
spots along the edges, lightly sand all surfaces, and ease the edges 
with fine sandpaper. To make it easier for the drawer to engage the  

A 1⁄2-in.-thick plywood spacer ensures that pairs of guides align 
perfectly. For accuracy, mark the front edge of the spacer near 
the bottom and keep that edge toward the front for each pair  
of guides. Work from the top down.

Clamp the spacer to one side. Place the guide on the spacer and use  
a square to set it back the correct distance from the case front  
(to set the square, measure from the drawer front to the groove). 

2 3 4

A spacer makes installation easy

1

1. Clamp the plywood 
spacer inside the case 
and lay the guide on 
the top edge.

2. Adjust the guide 
laterally, then drive 
screws only in the 
elongated holes.

3. Once both guides are 
in place and the drawer 
fits perfectly, drive 
home all the screws.
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Long-lasting connection. In a table, the guides are wider to reach 
past the legs. They can be glued and screwed and even set into 
grooves in the aprons. 

Side-hung
drawers in 
a table

MAKE GUIDES 
WIDER TO REACH 
PAST LEGS

When using side-hung 
guides in a table, 
there are few parts 
to mill up and fit. The 
guides typically are 
wider than they are 
thick so that they can 
clear the inside of the 
legs. The guide should 
project 1⁄4 in. beyond 
the inside of the leg.

Drawer side

Apron

Guide

1⁄8 in.

1⁄4 in.

guides, use a chisel to chamfer the back of each groove. After the 
grooves have been routed in the drawer sides, check them 
against the story stick to see that nothing has changed and 
then mill up the guides and fit them to the grooves.

Use a spacer to help with alignment and installation—
The story stick will tell you where to install the guides, but it 
won’t help you keep pairs level front to back and parallel to one 
another. To help with that, I make a spacer out of 1⁄2-in.-thick
plywood, cut to a length that’s just shy of the case opening. To 
use the spacer, first transfer the location of the bottom of the top 
guides from the story stick to the spacer. Then rip the spacer to 
that width on the tablesaw. 

Slide the spacer into the carcase opening, clamp it against one 
side, and mark the front of the spacer. Place the guide on top 
of the spacer in its correct location, then screw it in place 
through the elongated holes only. Now clamp the spacer to 
the other side of the cabinet, keeping the front edge toward the 
front of the carcase. Install the opposite guide and test-fit the top 
drawer. If the drawer stops too far in or too far out of the case 
opening, you can easily loosen the screws in the guides and slide 
them in or out to correct the problem. When the drawer fits per-
fectly, drive home the rest of the screws in the guides. 

Rip the spacer to width so that it reaches the bottom of the next 
set of guides, and follow the same procedure. Work your way 
down the cabinet until all the guides are installed.

Table-mounted guides have a different setup
In tables, side-hung guides share many of the same design prin-
ciples as those used in a chest of drawers, but the anatomy and 
construction of table-mounted guides are a bit different. When in-
corporated into a table, side-hung guides typically are a bit wider 
than they are thick so that they can clear the inside of the legs. 
To add strength and to make registering and aligning the guides 
easier, I house the guides in shallow grooves in the table aprons. 
I attach the guides with glue and screws (see drawing, right).

Cut and fit the guides before cutting the drawer grooves—
When installing side-hung guides in a table, first build the drawer 
and fit it to the opening. Next, cut and fit the guides and chamfer 
the tips where they will engage the grooves in the drawer sides. 
Install the guides, but don’t glue or screw them in place yet.

Because you are cutting the grooves in the drawer sides to fit 
the guides, the router-table settings must be spot-on. To set the 
fence the correct distance from the bit, measure from the bottom 
of the top rail to the top of the guide. For the stop-block setting, 
measure from the front of the leg to the tip of the guide (for more 
on setting up the stop block, see p. 90). Test the setup on a scrap 
piece the same width and thickness as the drawer sides. Once the 
settings are perfect, rout the grooves in the drawer sides. 

After cleaning up the grooves, test the fit of the drawer. If the 
fit is too tight, remove the guides and plane them to height or 
width as needed. One important thing to keep in mind: If you 
need to plane down the height of the guide, be sure that you do 
not remove material from the area that engages the groove in the 
table apron; doing so could ruin the fit of guide to groove. When 
you have the drawer running true and smoothly, glue and screw 
the guides in place.  

Mark Edmundson is a furniture maker in Sandpoint, Idaho.
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Doors for Furniture 
An illustrated guide to door construction

B y  G r a h a m 
B l a c k B u r n

ENTRY DOOR QUEEN ANNE CUPBOARD

Before the advent of frame-
and-panel construction, 
doors (and their owners) 

were at the mercy of wood move-
ment. Solid-plank doors were 
unruly—likely to split, warp, 
and twist. Subject to expansion 
and contraction across their 
entire width, solid-plank doors 
gaped open when the weather 
was dry and swelled shut when 
it was wet. Frame-and-panel 
construction changed all that. 
Instead of ignoring or resisting 
wood movement, the frame-and-
panel door was designed to ac-
commodate it.

Frame and panel soon be-
came one of the indispensable 
building blocks of work in solid 
wood, used not just in doors but 
in all sorts of case construction 
and paneling. Over the centuries, 
the range of its applications has 
been equalled only by the diver-
sity of stylistic treatments it has 
received.

Given all this variety, where 
does a woodworker start when 
designing frame-and-panel 
doors? With the structure. It is 
my feeling that before you can 
make something look good, you 
have to be able to make it work 
well. Once you understand why 
and how frame and panel works, 
you are halfway to a successful 
design. In the drawings on the 
following pages, I’ve laid out 
the underpinnings of frame-and-
panel construction along with 

ARTs AND CRAfTs siDEBOARD

building DOOrs ]
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Joinery options for frame-and-panel doors depend on the size and function of the door, 
while panel choices are based more on aesthetics than on structure. 

For a more sound connection, use 
a mortise-and-tenon joint. A haunched 
tenon increases the joint’s resistance 
to twist.

Biscuit joint

Dowel joint

Cope and stiCk

Joinery layout

Panel groove

Cutting the panel grooves in line with 
the mortises and tenons makes 
layout and execution easier.

An profiled edge is said 
to have a “stuck” molding.

The corresponding 
contour is “coped.”

Note: On small cabinet doors, a stub tenon 
(no mortise) suffices for joinery.

three ways to Join the frame

Mortise and tenon

panel-holding options

panel variations

Haunch fills 
through-groove.

Integral groove Rabbet with applied molding

Applied bolection 
molding

Plywood panel

Face-mounted panel

Face-mounted 
panels are used 
when frame 
members are 
too narrow for a 
groove or rabbet.

Fielded and raised panel

A fielded panel 
is one with 
a defined 
center section: 
the field. For 
cabinet work, 
panels are 
generally flat 
on the inside 
face.

Although the 
term is often 
used more 
broadly, a 
raised panel 
is one in 
which the 
center, or 
field, is defined 
by a shoulder.

Entry-door 
panels 
often are 
raised 
on both 
sides.

Proud front panelFlush panelFlat panel Fielded panel

Lighter cabinet doors, especially those 
with glued-in plywood panels, may be 
joined with biscuits or dowels.

joinery and panel options

Haunch

Applied bolection 
molding supplies 
strength without 
using much 
space in the 
rabbet.
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considerations that inform the 
design process.

Wood moves freely 
in a frame-and-panel door  
The simple genius of the 
frame-and-panel system is in 
making a dimensionally stable 
frame of narrow members sur-
rounding a solid-wood panel 
that is allowed to expand and 
contract freely with changes in 
humidity levels. 

The panel may be large or 
small, plain or simple, but 
as long as it is made of solid 
wood, it must be given freedom 
to move (so that it will not split 
or buckle with changes in hu-
midity) and at the same time be 
held securely (so that it cannot 
warp). Panels are typically held 
by their edges in grooves formed 
in the surrounding frame, and 
they are pinned or glued only 
at the center. Occasionally, the 
grooves are formed by adding 
a strip of molding to a rabbet, 
but most often the groove is in-
tegral to the frame.

The frame members are most 
commonly mortised and ten-
oned together, although other 
methods, such as biscuits or 
dowels, can be used (see draw-
ings, p. 95). Because most pan-
els are oriented with their grain 
running vertically, the rails have 
the most work to do in prevent-
ing the panel from warping. 
Therefore, the rails are usually 
the widest parts of the frame. 
The top rail is often made a 
little narrower than the bottom 
rail, so that the frame does not 
appear top-heavy. The stiles 
are generally made narrower 
still, giving a pleasing appear-
ance and minimizing the sea-
sonal change in the width of 
the door.

The proportions of the frame 
joints may vary, depending on 
the size and function of the 
piece: More substantial doors 
should be joined with tenons 
approximating one-third of 
the thickness of the members; 

designing a door to last

In a typical frame-and-panel door, the stiles run through from top to bottom, and the grain in the panels 
is vertical. The rails are generally wider than the stiles, providing wider tenons and better resistance to 
warping of the panels. One rough rule suggests that if the bottom rail is one unit wide, the top rail should 
be two-thirds of a unit wide and the stiles one-half of a unit wide.

Center rail

StileWhen the 
grain of the 
panels runs 
vertically, 
minimal 
clearance 
is needed 
in the rail 
grooves; more 
clearance is 
needed in the 
stile grooves 
to allow 
cross-grain 
movement.

All inside edges 
are grooved. Mortise-and-

tenon joinery 
provides 
plenty of 
glue surface 
and resists 
twisting and 
racking.Bottom rail

Muntin

Top rail

Basic structure of a frame-and-panel door

Width of 
entire door 
is subject to 
expansion 
and 
contraction.

Battens fixed 
across the 
grain result 
in cracks 
as boards 
shrink.

frame-and-panel door 
accommodates wood movement

Far smaller 
area of 
seasonal 
expansion 
and 
contraction.

Frame keeps 
panel from 
warping or 
twisting.

Panel is free 
to expand 
and contract 
within the 
frame, so 
it will not 
crack.

Panel is glued or pinned at its center 
only, so dimensional changes occur 
equally on both sides.

Solid-plank doors are at the mercy of seasonal changes in humidity. Hence, they are unlikely to fit their 
openings in both summer and winter. Frame-and-panel construction solves the problem, making a stable 
frame and allowing a solid panel to expand and contract inside it.

plank-and-Batten door 
ignores wood movement

Why Frame-and-Panel doors are better      

Battens can’t 
prevent warping 
and twisting.
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      design oPtions For Frame-and-Panel doors

ProPortioning by the bookDesigning with PerioD styles

Use period characteristics to design a door in harmony 
with its surroundings.

18th century
Classic proportions, 
raised panels; made 
of mahogany.

Contemporary 
Geometric proportions, 
unadorned forms; made 
of contrasting materials. 

Arts and Crafts
Bold, simple forms, minimal 
molding, wrought-iron 
hardware; made of oak.

Although the designer’s eye should always be the final judge 
of what looks good, there are a number of traditional systems 
you can use to establish pleasing proportions.

the golDen mean

The golden mean may be expressed as a ratio, BC:AB as AB:AC. 
This is approximately 5:8.

ABCc is a golden 
rectangle. Squaring 
a golden rectangle 
leaves another golden 
rectangle (shaded 
area Aabc); squaring 
this rectangle 
produces yet another 
golden rectangle 
(double-shaded 
area a¹b¹c¹c). This 
smallest rectangle 
produced the shape 
of the door’s upper 
panels (left).

the classical orDers of architecture

The Tuscan column (the first of the five classical orders of architecture) 
is built on a ratio of 1:7. The column width = 1, the column height = 7. 
All other dimensions are multiples or fractions of this ratio; for example, 
the base and the capital are each one-half the column width.

Victorian Gothic
Emphasis on vertical elements, 
pointed arch panels, linen-fold 
carving; multicolor finishes on 
walnut or fumed oak.

8

8 5

A B C

5 B 5 C

b
c¹b¹

a
8

A c
a¹

7

6

5

5

4

3

2

2

1

1

1 ⁄2

7

5

FineWoodworking.com
In a video, Graham Blackburn discusses 
design options for frame-and-panel doors. Go to 
www.finewoodworking.com/buildingfurniture.

Use the ratio of the Tuscan order (or any other order) to 
proportion a door. Divide the height of the door by seven, then 
use multiples or fractions of the resulting unit to size the 
panels and frame members. (For an 84-in. door, the unit would 
be 12 in.)
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joints for lighter doors may be 
a quarter of the thickness.

Sound design combines 
strength and aesthetics
Working up the proportions of 
a door’s parts from a structural 
standpoint will go a long way 
to producing a pleasing de-
sign. But without compromis-
ing structural integrity, there 
remains much you can do to 
control the final appearance.

You can change the apparent 
shape of any door by altering 
the size, shape, and number of 
framing members and reinforc-
ing the message with compat-
ible grain patterns. To make an 
extremely vertical door appear 
less tall and narrow, for exam-
ple, try using multiple rails and 
orienting the grain of the panels 
horizontally, or make a square 
door stretch vertically by giving 
it a number of tall, narrow pan-
els. If you are designing a long, 
low piece and are concerned 
it will appear squat and heavy, 
you can give the piece more 
lift by dividing the doors so the 
upper panels are smaller than 
the lower ones. 

To avoid visual confusion, 
pick out certain elements of 
the design for emphasis. For 
example, you might use plain 
panels in an unusual frame 
or surround a panel that has 
striking grain with a straight-
grained frame.

Whatever else is required, 
design in harmony with other 
woodwork in the room. Even 
if you don’t design in the 
exact style of the surroundings, 
try to include elements that 
will relate, such as elegantly 
raised panels in a piece des-
tined for a roomful of Colonial 
furniture or flat panels for a 
piece that will live with Arts 
and Crafts furniture.

Graham Blackburn is a furniture 
maker and publisher of Blackburn 
Books (www.blackburnbooks.com) 
in Bearsville, N.Y.

Working Within a given space

Even if you are restricted to a particular space or shape, you can create different visual effects 
with frame-and-panel doors by changing the visual focus.

DeSign optionS for frame-anD-panel DoorS, c o n t .

Stiles at both ends of a 
cabinet are made double-
wide to balance the paired 
stiles between. Placing the 
center rail above the mid-
point creates tall lower 
panels, which give the 
long, low cabinet a vertical 
emphasis. For visual 
balance, the top rail plus 
the cabinet top equal the 
width of the bottom rail.

Accentuate the lateral
Introducing strong horizontal 
elements—three center rails, 
wide panels with strong grain 
running side to side—offsets 
the door’s verticality.

Restate the shape
Keeping the design 
as simple as possible 
preserves the essential 
shape of the opening.

Designs for a vertical opening

Designs for a square opening

Stretch the square
Downplay the squareness 
of the opening by designing 
a door with strong vertical 
elements.

Focus on the panel
Use dramatic grain matching 
or veneer within a plain 
frame.

Focus on the framing 
Concentrate on the frame 
members, and keep the color 
and pattern neutral.

Multiple Doors for a horizontal space

Beef up the rectangle
Raised panels make a door 
look stronger and heavier; 
a traditional four-square 
approach with slightly taller 
bottom panels provides good 
balance in a rectangular 
opening.

Wide stileNarrow stileCenter rail
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Handmade 
Catches and Latches

Four elegant ways to keep doors in place

Hidden Magnets
b y  A n d y  R A e

Shaker Spinner
b y  C h R i s t i A n  b e C k s v o o R t

Flipper Catch
b y  d o u g  n o y e s

Button Catch
b y  M i C h A e l  P e k o v i C h

Look through a catalog of cabinet hardware and you’ll find dozens of gadgets made for keeping 
doors shut. Nonetheless, many woodworkers create their own catches and latches because 
they’re attractive, not difficult to make, and cost little. Another benefit is that you won’t see 

any clunky metal hardware in the cabinet. We asked four woodworkers to show us how they keep 
cabinet doors closed. The solutions include hidden rare-earth magnets, a traditional Shaker spinner, a 
wooden flipper catch made popular by James Krenov, and a button catch. All of these clever devices 
look a lot better than most store-bought hardware, and they can be customized to fit your needs.

building DOORs ]
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and covered them with plugs, you’ll have 
little room for adjustments. I aim for a re
veal of about 1⁄32 in. so that the door slows 
on a cushion of air as it is shut, then is 
quietly drawn in by the magnets.

With the door hung, transfer the center
line of the mortise in the cabinet to the 
bottom and top of the door. Remove the 
door and drill the mortise for the magnet. 
The best way to get precise mortises in the 
door is to use a drill press. But the job can 
be done with a handheld drill if you use 
care. Practice on scrap, and wrap a piece 
of masking tape around the bit to flag the 
correct depth.

Establish the proper polar orientation 
of each pair of magnets and mark them 
with a felttipped pen. Use epoxy or cyano
acrylate glue to secure the magnets. Now 
reinstall the door. If the mortises have been 
drilled correctly, the magnets will pull the 
door flush to the face of the cabinet.

Cover the magnets with wood plugs. By 
carefully matching the grain orientation of 
the plugs, they will disappear, and your 
friends will wonder what kind of magic is 
holding the door in place.

Andy Rae is a cabinetmaker, furniture maker, 
teacher, and writer in Asheville, N.C. 

Mark the mag-
nets to ensure 
that they are 
oriented cor-
rectly. Glue 
the magnets in 
place, add wood 
plugs, then pare 
and sand the 
plugs flush. To keep cabinet doors closed, I often 

rely on the magnetic attraction of rare
earth magnets mortised into the top and 
bottom of the door and frame. The mag
nets pull the door flush to the case once 
it swings closed—a satisfying effect, espe
cially if the door has been fitted to close 
tolerances. I cover the magnets with wood 
plugs for a clean, hardwarefree look.

Keep in mind that this technique works 
only with freeswinging doors. Avoid using 
this method with selfclosing or other 
springloaded hinges. 

Rareearth magnets are my preferred 
pullers. Size them based on the thickness 
of the door and frame. For 1⁄2in.thick 
doors, you can use 3⁄8in.dia. magnets; 
1⁄2in.dia. magnets work best for doors 
that are 3⁄4 in. thick. 

Installing the magnets
Drill the mortises for the magnets in the 
case pieces before assembling them. Off
set the mortises in the case toward the 
rear, which will help pull the door closed. 
Make the mortises 1⁄4 in. deep to allow 
for the 1⁄8in.thick magnets and the wood 
plugs that hide them. To make clean, flat
bottomed mortises, use a Forstner bit. 

To determine the door mortise locations, 
the door must be hung first. So go ahead 
and assemble the case and build the door. 
Take your time getting a consistent door 
reveal. Once you’ve installed the magnets 

Drill mortises before gluing up the case. One 
set of magnets is recessed into mortises drilled 
into both the case top and bottom.

With the case assembled, transfer the 
mortise location. Use a piece of tape to hold 
the door flush with the outer edge of the case.

Hidden 
Magnets
Use the power 

of rare-earth magnets 
to keep a door closed

b y  A n d y  R A e

Wood plug

Magnet

Door

Cabinet 
base
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make life easier, I shape all knob tenons 
with a plug cutter, chuck them into the 
lathe, and turn the knob proper. If you 
think about it, the knob shaft is the only 
critical part of the process. The 1⁄2-in.-dia. 
shaft must fit precisely in the matching 
hole bored into the door. The plug cut-
ter eliminates the most difficult portion of 
the task.

For a 1⁄ 2-in.-dia. knob shaft, drill a 
33⁄64-in.-dia. hole through the door stile 
and a 1⁄2-in.-dia. hole through the spinner. 
Now the knob will spin freely in the door 
frame yet hold the spinner securely. If all 
works well, you will pin it in place with 
a small brad or a brass escutcheon pin. 
The spinner should not be glued, because 
there’s a great risk of glue getting onto the 
knob shaft and mucking up the works. 

With the spinner to the closed position, 
align the grain of the knob with the grain 
of the door frame. Then turn the spinner 
into the open position and pin it. Now the 
grain of the knob lets you know whether 
the spinner is open or closed.

After 30 years as a woodworker, I was 
proud of myself for coming up with this 
idea of installing the spinner in the door 
frame. Then in 1996, while shooting pho-
tos for The Shaker Legacy (The Taunton 
Press, 1998), I came across a small chest 
with drawers and doors at the Art Complex 
Museum in Duxbury, Mass., in which the 
door knob passed through a mortise in 
the edge of the door. Although the spin-
ner itself was missing, it was clear that the 
Shakers had the same bright idea more 
than 160 years ago.

Christian Becksvoort is a furniture maker 
of 45 years and a contributing editor 
to Fine Woodworking.

Spinners have been used for years to 
keep barn doors shut. I’ve redesigned 

the spinner for my cabinets from the sim-
ple but effective exterior latch to a refined 
and almost completely hidden mechanism 
within the door stile.

The earliest spinners consisted of a small 
piece of wood with a pin through the cen-
ter mounted on the frame next to the door. 
With the spinner in the vertical position, 
the door can be opened. With the spinner 
turned horizontally, the door is locked. 

A few years back, I decided to incor-
porate the spinner inside the lock stile of 
the door frame. I make the spinner into 
an oval. The result is substantially more 
work in layout, mortising, and fitting, but 
it’s much cleaner-looking and is almost en-
tirely out of the way.

The doorknob must be placed on the 
centerline of the door stile, and the spin-
ner must extend out of the stile by at least 
1⁄4 in. when closed, yet fit completely with-
in the door stile when in the fully opened 
position. Begin by drilling the knob hole 
through the stile. Then make a cardboard 
cutout of the spinner, sized so that it won’t 
reach into the door-panel groove. Locate 
the mortise by swinging the cutout in a 90° 
arc around the doorknob hole. The width 
of the mortise should be about a third the 
thickness of the door frame—say, 1⁄4 in. for 
a 3⁄4-in.-thick frame.

Once the mortise is complete, shape and 
drill the spinner. 

I aim for close tolerances between the 
knob shaft and matching hole. For most 
cabinet doors, I use knobs with 1⁄2-in.-dia. 
shafts (3⁄8 in. dia. for very small doors). To 

Lay out the mortise in the door. With the 
knob hole drilled in the center of the stile, use 
a cardboard cutout to determine the spinner’s 
placement. Then mark the mortise 1⁄16 in. larger 
than the spinner itself.

Chop out the mortise. Becks-
voort chisels out the mortise 
by hand.

Slide in the knob and spin-
ner. The knob should go in 
easily, and the spinner should 
swing freely and be hidden 
when the latch is open.

Drill for the pin. To avoid split-
ting the spinner, drill a hole for 
a small brad or pin.

Shaker 
Spinner

The simple spinner 
is refined to become 

an elegant latch

b y  C h r i s T i A N 

b e C k s v o o r T

Mortise

Mortise for 
spinner

Cabinet side

Door 
stile

Pin

Spinner
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(only 11⁄2 in. long), so be careful not to cut 
too deep too fast. 

Square up the mortise with a chisel. Drill 
a hole in the deeper part of the mortise for 
the spring. The hole should be about 1⁄8 in. 
deep and the same diameter as the spring. 
I use 1⁄8-in.-dia. springs from ballpoint pens 
trimmed to 1⁄4 in. long, but you also can get 
springs from a hardware store.

Put the flipper into the mortise to test the 
fit. It should be snug but not overly tight. If 
it fits, place the spring in its hole, put the 
flipper in place, and secure the assembly 
with a small wood screw.

I usually make a shallow notch (1⁄16 in.)
in the bottom of the door to engage the 
flipper. If the door is made of very soft 
wood, such as redwood or pine, it’s not a 
bad idea to insert a piece of hardwood in 
the bottom of the door to prevent exces-
sive wear.

To determine the location of the notch, 
first close the door several times on the 
flipper, which will create a shiny spot 
where it is rubbing. At the end of this shiny 
spot, make the notch for the door to catch. 
If this shiny spot does not appear, rub the 
top of the flipper with a pencil and then 
close the door. The pencil mark will indi-
cate the location of the notch.

A variation on this catch is to include a 
positive stop. By shaping a shoulder onto 
the flipper itself, I can control the closed 
position of the door. I use this variation on 
inset-door applications or on double doors 
that can be opened individually.

A little trimming here and filing there, 
and you’ll have a good catch that makes a 
subtle “click” when the door is closed.

Doug Noyes is a furniture designer and 
woodworker in Guilford, Conn.

I make the flipper out of a durable hard-
wood, such as ebony, because it resists 
wear. Although I make the flipper to fit, 
one made for a 3⁄4-in.-thick door will typi-
cally measure approximately 1⁄4 in. thick by 
3⁄8 in. wide by 11⁄2 in. long. Cut it out with 
a handsaw, then shape the flipper with a 
file or knife. Drill a slightly oversize hole 
for the attachment screw. This will allow 
the flipper to pivot. Countersink the hole 
so that the screw is flush with the top of 
the flipper.

Next, cut the sloped mortise, which al-
lows the flipper to recede when the door 
is closed. Use a plunge router with a fence 
to make the mortise. It is a short mortise 

Idiscovered flipper catches in one of 
James Krenov’s books on cabinetmak-

ing. I like these catches because they are 
easy to make and allow me to utilize exotic 
hardwood scraps. The one I frequently 
use is an L-shaped wood flipper that is 
recessed into a mortise in the case bottom. 
A small spring keeps the flipper engaged 
with the bottom edge of the door.

Chisel the mortise to length. Scribe the length and width, then pare close to the layout lines. 
Check the fit often as you work; you don’t want to make the mortise too wide.

Catch assembly. The spring sits in a hole bored 
in the deep end of the mortise, and the screw 
threads through the back end of the flipper.

Flipper 
Catch

A spring-loaded 
solution to keeping 

doors closed

b y  D o u g  N o y e s

Cut the 
sloped
mortises.
Use a plunge 
router to 
make a 
sloping
mortise for 
the flipper.

Door

Notch

Flipper 
catch

Wood 
screw

Spring
Sloped 
mortise

F I N E  w o o D w o r K I N g102 Photos, except where noted: Timothy Sams; opening page (bottom, left): Erika Marks

FWSIP08BF_HC.indd   102 6/6/07   11:31:06 AM



One final task is to use a gouge or carv-
ing knife to cut a shallow notch on the 
inside edge of the door bottom where 
it strikes the button. This notch and the 
rounded button top combine for smoother 
door closing.

Michael Pekovich, a longtime woodworker, is the 
art director of Fine Woodworking.

to create the desired profile. After a test fit, 
cut the button to length. Before doing so, 
I like to round and polish the top of the 
button while it’s easy to grab. From this 
point, it’s just a matter of inserting a spring 
in the hole and capping it.

For small projects such as my pencil box, 
I glue a plug into the hole and finish it 
smooth. For most case pieces, where long-
term maintenance is an issue, I prefer a 
plate screwed to the case bottom, which 
allows for easier button replacement, if 
necessary. 

Ihad been floundering in art school for 
a couple of years when I stumbled into 

a beginning woodworking class. One of 
my first projects was a simple pencil box 
with a sliding lid. At wits’ end for a way to 
secure the lid (short of tying it closed), I 
approached my instructor, John Snidecore, 
who showed me a simple, spring-loaded 
wood button catch. 

Twenty years later, I’m still working wood 
and still using the button catch on a variety 
of projects. But I have since modified the 
design to work as a door catch. The con-
cept is simple: A stepped button slides up 
into a stepped hole from below. A spring 
supports the button, and a wooden plug 
covers the bottom of the hole. 

Hang the door and locate the button 
about 1 in. from the edge of the door, mid-
point in its thickness. Transfer this location 
to the bottom of the case. From the bot-
tom, drill a 3⁄8-in.-dia. hole, stopping 1⁄8 in. 
shy of the opposite side. With a 1⁄4-in. bit, 
continue the hole through the case bottom 
and use a piece of scrap to prevent tearout. 
Then wedge the door in the closed posi-
tion and drill just into its bottom edge to 
create the cup for the button. 

To make the button, simply chuck a 
short length of hardwood dowel into a drill 
press. With a file in hand, it’s quick work 

Shape the button on the drill 
press. Use a block with a pre-
drilled hole in it to gauge the 
right size of the button.

Drill the stepped hole. Mark 
the bit with tape to indicate the 
correct depth.

Drill the button hole. Use 
some scrap stock to prevent 
tearout.

Notch the back edge of the door. The notch 
is shallow and angled so that it will depress the 
button as the door closes.

Button 
Catch

Simple, unobtrusive, 
and easy to make

b y  M i c h a e l 

P e k o v i c h

Door

Spring

Button

Wood plug

Cup for 
button

Notch

103www.finewoodwork ing.com B u I l d I n g  F u r n I T u r e  2 0 0 7

FWSIP08BF_HC.indd   103 6/6/07   11:31:36 AM



You can’t beat butt hinges for du
rability, clean looks, and straight
forward installation. I’ll demonstrate 

the most common use for this hinge: hang
ing an inset cabinet door. If you can install 
hinges in this type of flush door, you can 
handle any other butthinge application.

Woodworking catalogs offer a variety 
of butt hinges—some steel, others brass; 
some with thick extruded leaves, others 
pressed from thin metal. Some hinges, 
such as those for a jewelrybox lid, have a 
builtin stop. While these hinges come in a 
range of lengths and widths, they all have 
two flat leaves—usually the same size—
with a barrel, or knuckle, joining them. 

For fine furniture, brass hinges are al
ways my first choice. The best of these 
have thick leaves that make a strong hinge. 
Often the leaves are tapered, so they’re 
thicker toward the knuckle for strength 
where you need it. Lowcost butt hinges 
are made by pressing thin sheet met
al around the pin to form the knuckle. 

Extruded hinges are tighter than these 
pressed hinges because the knuckle is fit
ted together and then drilled in one shot 
for a precisely fitted hinge pin. Extruded 
hinges cost more and may not be available 
in your local hardware store, but they will 
keep your doors swinging smooth and true 
for a long time. 

Steel is stronger and tougher than brass, 
but brass hardware usually looks better on 
fine furniture and ages well. I avoid steel 
hinges because they rust. Summer humid

ity or storage in a basement or unheated 
space can discolor and tighten a steel 
hinge. For these reasons, there’s a far wider 
selection of brass hinges than steel. 

Pick the right hinge for your door
Two numbers typically describe a butt 
hinge: the length of the hinge (listed first) 
and the fully open width (second). A typi
cal cabinetdoor hinge is 2 in. by 11⁄4 in., 
with leaves 2 in. long and 5⁄8 in. wide. 
Some catalogs further classify butt hinges 

Installing
Butt 

Hinges
Traditional hinge 
will look and work 
great for decades

B y  G a r r e t t  H a c k

building DOOrs ]
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as narrow or wide, but what really matters 
is the length and width. I prefer fixed-pin 
hinges over loose pins (the hinge comes 
apart for lifting off a door easily) because 

they are stronger with less play in the 
knuckle.

Choose and purchase hinges during the 
design stage of a project. You don’t want 
to be ready to hang a door and then re-
alize that the hinge leaf to be mortised 
into the door is wider than the door stile, 
or that it leaves just the thinnest ribbon 
of wood at the back of the mortise that 
will break away someday. Knowing door 
and carcase dimensions, you can narrow 
down the possibilities of hinges that will 
fit. If you’re unsure of the best choice, buy 
two sizes. 

How many hinges and where?—Typi-
cally, I use two hinges on cabinet doors 
under 3 ft. tall. For greater strength and 
stability (for heavy doors or for doors on 
which objects will be hung), I prefer to use 
longer, heavier hinges rather than add a 
third hinge in the middle of the door. With 
the leaves snugly mortised and screwed into 
place, two butt hinges will support a sur-
prisingly heavy door. However, for passage 
doors and very tall cabinet doors, adding a 
third hinge in the middle can help hold the 
stile and door in alignment, keeping them 
from binding. 

A critical aspect in the appearance and 
action of the door is how far the hinge 
knuckle sticks out from the front of the 
door. For the door to swing smoothly with-
out binding, the centerline of the hinge 
pin need only be slightly proud of the 
door—about 1⁄32 in.

Hanging a flush inset door
After choosing the right hinges for the job, 
the challenge is to set the hinges precisely, 
leaving a fine, even gap around the door 
and a flush surface between the door and 
the case. 

Hinging a door neatly depends as much 
on building a true door and an untwisted 
carcase as it does on accurately mortising 
for the hinges. Slip the door into place and 
look for any misalignment. Often, there 
will be some twist in the case or the door, 
especially if the door is large; this can be 
addressed in a variety of ways. You can 
plane the door or case slightly, and you 
can set one or both of the hinges farther 
into or out of the case to minimize the 
effect of the twist. Of course, the idea is 

Don’t compromise. Choose a high-quality 
extruded brass hinge (bottom) for your 
furniture. Cheaper stamped hinges (top) will 
not be flat, square, or drilled accurately, and 
there will be slop around the hinge pin.

The top hinge is the wrong size 
for this door. It would leave a frag-
ile sliver of wood at the edge of the 
mortise. The bottom hinge is a more 
appropriate size.

CHOOSE WISELY as narrow or wide, but what really matters 
is the length and width. I prefer fixed-pin 
hinges over loose pins (the hinge comes 
apart for lifting off a door easily) because 

design stage of a project. You don’t want 
to be ready to hang a door and then re-
alize that the hinge leaf to be mortised 
into the door is wider than the door stile, 
or that it leaves just the thinnest ribbon 

The centerline of the 
hinge knuckle should 
be about 1⁄32 in. proud 
of the door and case.

WHERE TO LOCATE THE HINGES

It’s pleasing to the eye if you relate the hinge locations to the rails (below left). 
However, this may not be possible on doors with thin rails (below right).

Location is 
one hinge-
length away 
from the top 
and bottom 
of the door.

Hinges are 
aligned 
with the 
door rails.

THE RIGHT SIZE FOR THE JOB

Choose a hinge size that leaves at least 1⁄8 in. of 
wood at the back of the mortise, or this area will 
be too fragile. Another option is to choose a hinge 
that reaches all the way across the stile.

DoorCase
1⁄8 in. minimum

Flush
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to head off these problems by using solid 
construction techniques and stable mate-
rial to build square cases and doors.

Mind the gap—Every door needs as uni-
form a gap as possible around all four edges 
so that the door doesn’t stick as it grows or 
shrinks during seasonal changes in humid-
ity. A narrower gap looks better. Knowing 
how much of a gap to leave is a matter of 

Use marking gauges and 
a marking knife to make 
fine layout lines. Take all of 
your settings directly from 
the hinge for accuracy.

Again, use the hinge 
itself to set the length 
of the mortise. Hold-
ing the hinge in place, 
cut tick marks into the 
corner of the door stile. 
Then carry those lines 
across the mortise with 
a square.

LengthDepth

Set a second 
marking gauge 
for the depth of 
the mortise. If 
the hinge leaves 
are tapered, set 
the gauge at their 
thickest point.

Set the first marking 
gauge for the width of 
the hinge. Set it about 
1⁄32 in. short of the center-
line of the hinge knuckle. 
The light pencil lines at the 
end of the mortise indicate 
where to stop the marking-
gauge cut.

WiDth

START WITH THE DOOR

experience and skill. I’m guided by a wide 
board hanging in my shop whose width I 
measure from time to time and mark on the 
board. In early May I leave a slightly wider 
gap to allow for the higher humidity in the 
coming months. Somewhere between 1⁄16 in. 
and 1⁄32 in. is about right.

Hinges vary in one way that usually isn’t 
indicated in catalogs. If the two leaves do 
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not close flat on one another, you have an 
unswaged hinge. This built-in space will 
be the gap between the door and carcase 
along the hinge line if you mortise both 
leaves fully flush. The leaves on a swaged 
hinge close flat to one another, so to set 
the door gap, you should mortise the 
leaves slightly proud of the door or frame 
stile, or both. 

At this point, trim the edges of the door 
for a close fit all around, leaving a tighter 
gap than the final one and thus some extra
wood for trimming after you’ve set the 
hinges. Then shim the door into position 
with veneer scraps and locate the hinges.

Laying out the mortises—Before you 
lay out your first mortise, look over each 
hinge. For a neat mortising job, the leaves 
should have square and straight sides. 
Sometimes they will need a little smooth-
ing with a fine file. 

To set butt hinges consistently and ac-
curately, use a fine-bladed marking knife, 
a couple of marking or cutting gauges, one 
wide and one narrow chisel, and a pen-
cil. Set the mortise width slightly less than 
the width of the leaf to the center of the 
hinge pin; this will make the hinge pin and 
knuckle protrude the proper amount.

Sometimes I mortise the case sides or 
the frame first, before they are glued up, 
and then transfer them to the door later. 
It’s easier to work with case pieces loose 
on the benchtop than it is to wrestle with 
a large cabinet and to work in the cramped 
corners of an assembled case or face 
frame. The cabinet pictured here, however, 
is small, so I mortised the door first. 

Cut very fine lines; heavy cuts will leave 
a less precise mortise. To see the knife 
marks clearly, sharpen a pencil to a very 
fine point and drag it along the lines.

After scribing the width and depth with 
marking gauges, lay the hinge in position 
and cut a precise tick mark at both ends. 
For small cabinet hinges like these, the saf-
est way to lay out the ends of the mortise 
is to extend these tick marks with a square. 
For larger hinges, like those used in pas-
sage doors, it’s better to use the hinge itself 
to lay out the ends of the mortise. Just be 
careful the hinge doesn’t slip while you 
are marking. 

Chop and pare the mortise by hand
I usually cut hinge mortises completely 
by hand, with chisels. The first step is to 
chop out the waste, leaving each knife line 

Whether by hand or by machine, the 
idea here is to clear out the bulk of 
the mortise before cutting to the 
layout lines.

Finish the mortise with sharp chisels. Chop and pare gradually until you reach the layout lines 
and get a good fit. Save your widest chisels for the final cuts.

Chop it out with a chisel. Make a 
series of chopping cuts in one direction, 
then remove small chunks of wood by 
chopping in the other direction.

Or rout it out freehand. Set the bit 
depth to the thinnest part of the hinge 
and stay clear of the layout lines. For 
thin doors, you can clamp on an extra 
board to help support the router base.

Two ways To remove 
The wasTe

MORTISE IN STAGES
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untouched. Remove much of the wood 
with a series of aggressive chops down 
the length of the mortise, then do the same 
thing in the opposite direction. When 98% 
of the wood has been removed, creep up 
to the layout lines with a wide chisel. If 
you chop down into your layout lines first, 
the wood in front of the chisel will push 
it backward, leaving a wider mortise than 
you intended. Finally, to establish the floor 
of the mortise, make paring cuts inward 
from the open side.

For extruded hinges with tapered leaves, 
the mortise must be slightly deeper at the 
hinge knuckle. Approximate this taper 
when you’re wasting out the mortise, and 
fine-tune it later when trial-fitting. 

A router can be quicker—Although I 
finish all of my mortises by hand, I some-
times rough them out with a router, work-
ing freehand and going as close to my lines 
as I dare. Afterward, I finish up the mortise 

by hand as usual, paring and chopping 
carefully for a tight fit.

Trial-fitting is important—Trial-fit each 
hinge to check and adjust its mortise. To 
find any high spots in the mortise, I scribble 
on the back of the hinge with a soft pencil, 
which rubs off when I slide the leaf into 
place. Trial-fitting can damage the fragile 
edges of the mortise, so the fewer times 
you do it, the better.

Attach the hinge temporarily 
and cut the other mortise
When you are satisfied with the fit of the 
first hinge leaf, mark for its center screw 
with an awl, drill, and fix the leaf with a 
single steel screw. 

Cutting the mortises on the carcase is 
exactly the same as cutting them in the 
door stiles. To transfer the hinge locations 
from the door, slip or wedge the door in-

AttAch the hinges And trAnsfer the lAyout

Mark for the center screw. Offset this location 
slightly toward the back of the mortise to draw 
the hinge tightly into place.

Transfer the hinge locations to the case. With the hinges installed temporarily in the door, shim 
the door into its final position and use a marking knife for a precise transfer.

Drive in one steel screw. This leaves two 
hole locations unused to allow the hinge to be 
adjusted in or out later. Use a steel screw to 
avoid damaging your softer brass ones.
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to position with the hinge fully open and 
make fine knife lines along the top and 
bottom of the knuckle. A spare hinge of 
the same size makes it easy to test-fit the 
mortise and to mark the screw locations. 
Otherwise, you have to remove a hinge 
from the door. 

Secure each hinge with one steel screw 
and see how the door swings. The advan-
tage of leaving the door snug in its open-
ing while fitting the hinges is that it allows 
for some slight mortising errors. You can 
adjust for these by deepening a mortise or 
mortises and by planing the door edges for 
a consistent gap all around.

There’s still room for adjustment
A typical problem is that the gap along 
the hinge line is too large or uneven. The 
solution is to mortise in one or both leaves 
of each hinge slightly deeper.

Sometimes, to get a better-fitting door, 
you may need to pull out a hinge from 
its mortise slightly, in essence pushing the 
door farther back into the opening. Fixing 
the door with only a single screw in each 
leaf at this point gives you some flexibility 
to do this, but it creates a noticeable gap 
at the back of the hinge leaf. Cut a filler 
piece from a scrap of the same wood, glue 
it, and then clamp it in place by screwing 
the hinge leaf into its new position.

Set the brass screws, and you’re done
The final step to fitting the hinges is set-
ting the screws. Each hinge is drilled and 
countersunk for a specific size screw, 
which is often noted in the catalog de-
scription. I order the screws along with the 
hinges—with a few extras. 

If the countersinks are not deep enough, 
the heads of the screws will stop slightly 
proud of the hinge leaf. This can cause a 
hinge to bind and exert tremendous lever-
age on the screws. If necessary, deepen 
the countersinks so that the heads end up 
just below the surface of the leaf. In setting 
the brass screws, I try to have some consis-
tency in the pattern of the head slots. 

If the hinges are installed correctly, your 
doors and lids should swing sweetly for 
many decades to come. 

Garrett Hack, a furniture maker and a 
woodworking teacher who lives in Thetford 
Center, Vt., is a contributing editor to 
Fine Woodworking.

install the door and check the f it

Cut the mating mortises 
in the case and attach the 
door. Continue to use only 
one steel screw at this point. 
Check the fit of the door. 
If necessary, remove the 
door and plane it to fit.

Adjust the countersinks. If 
necessary, use a countersink 
bit to deepen the holes in the 
soft brass hinge so that the 
screw heads can sit just 
below the surface.

If you’ve cut too deep. To shim a 
hinge outward, trim a card to fit into 
the bottom of the mortise.

If you’ve cut too wide. To move a hinge out toward 
the front of the case, plane a sliver of long-grain wood 
to fill the gap at the back of the mortise. Glue it in 
and plane it flush for an invisible repair.

Sometimes you must shim a hinge 
up (below) or out (right) to even 
out the hinge-side gap on a door 
or adjust the fit of a lid.

Making fine adjustments 
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Q: What’s 
the purpose 
behind using 
breadboard ends 
on a tabletop?       

— PAT 

H O U G H TO N , 

Shreveport, La.

A: BREADBOARD ENDS KEEP WIDE TABLE 

ENDS FLAT while allowing the top to 
move seasonally. The breadboard is a 
grooved end cap that is placed over 
tenons and secured with pins. It is joined 
to the tabletop with a series of tenons 
connected by a continuous stub tenon. 
The longer tenons (usually three or five 
but always odd in number) offer support 
when lifting the table by its ends. The 
short stub tenon helps minimize cupping 
along the width of the tabletop. 

The breadboard is glued only in the 
center, which allows the top to expand 
or contract independently from the breadboard. 
The breadboard is further secured with pegs 
through the tenons. 

The outer peg holes and outer mortises must 
be elongated to allow for movement. The easiest 
way to do this is to dry-fit the breadboard to 

Breadboard-end basics 

DESIGNING TRADITIONAL BREADBOARD ENDS

Apply glue only to the 
center 6 in. or so.

Breadboard

Large tenons 
add strength.

Peg

Holes in the outer tenons 
are elongated to allow 
for wood movement.

Stub tenon 
restricts cupping.

Tabletop

A: ON EARLY PIECES OF 

FURNITURE, you often will see 
pins and tails close to the 
same size and with steep 
angles. As furniture mak-
ing evolved in this country, 
pins became smaller and the 
angles less acute. 

Generally, narrow pins are 
considered the finest work. 
They showcase a maker’s 
skill and create a refined 
look that draws the eye. 

Evenly spaced dovetails 
are the easiest to lay out us-
ing a couple tricks. One is 
the half rule (see top draw-
ing, right). With this method, 
you place half-pins at the 
edges of the board, find the 
center point between them, 
and locate a pin there. Keep 
dividing the spaces in half 

Q: How should I 
space my dovetails? 
I have seen 
examples from 
different eras and 
various furniture 
makers that exhibit 
various proportions. 
Is there a right way?

—WILLIAM DONOVAN,

Altoona, Pa.

to locate pins. In a typical 
drawer, you’ll want at least 
three full pins and two half-
pins (one at each edge). 
In a case, you’ll want a pin 
spaced every 2 in. to 21⁄2 in.

You also can use a rule 
to create evenly spaced 
dovetails. First, decide on 
the number of pins. Angle 
the rule until that number 
is aligned with the far edge. 
For example, say you want 
10 pins on an 8-in. board. 
Angle the rule until the 10-in. 
mark aligns with the edge, 
then make marks at every 
inch. Transfer those marks to 
the end of the board, creat-
ing 10 evenly spaced pins.

—Philip C. Lowe runs 
The Furniture Institute of 

Massachusetts. 

the top and drill for the pegs. Then remove 
the breadboard and elongate the holes in the 
tenons with a file before gluing and pegging the 
breadboard in place.

—Michael Pekovich, Fine Woodworking’s art 
director, has been building furniture for 20 years.

EVENLY SPACED DOVETAILS

THE HALF RULE 
To get an even number 
of spaces, divide the 
overall width in half, 
then halve the spaces 
again as needed. With 
practice, this method 
can be done by eye. 

THE ANGLED RULE
Another trick is to 
angle a rule until the 
appropriate number 
of increments line up 
with the edges of the 
board. This method 
will deliver an even 

or odd number 
of divisions.

Dovetail size and spacing

112 Drawings, this page: Melanie Powell (top); Vince Babak (bottom)
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A: BECAUSE 16/4 MAPLE is 
hard to come by in your area 
and you’ve already found 
8/4 stock, go for it.

If your 8/4 stock is 8 in. or wider, I would 
flatten one face, rip it down the middle, and 
reglue the faces. Because the 8/4 stock is 
most likely flatsawn, regluing, like a closed 
book-match, will result in at least one very 
nice quartersawn face on each leg. Also, if 
the grain is relatively straight, the glueline 
will be hardly noticeable.

—Christian Becksvoort is a contributing 
editor to Fine Woodworking.

1. With the jointed face 
on the saw’s tabletop, rip 
the slab in two.

2. Glue the flat faces 
of the two pieces to 
make a closed book-
match.

The glue-up results in at 
least one quartersawn 
face on each leg.

Are glued legs OK? 

A: SECONDARY WOODS USED IN PERIOD FURNITURE

typically were local woods, so they vary from 
region to region. Poplar often is less expensive than 
maple, and it’s easier to use because it is softer. 
These concerns influenced woodworkers in the 
past, and they still do today. 

However, if you are willing to do the extra work 
and pay the difference, there is no reason why you 
should not use maple as a secondary wood. 

—Chairmaker Mike Dunbar runs 
The Windsor Institute in New Hampshire.

Q: I plan to build a desk 
with mahogany as the 
primary wood. I have 
noticed that a lot of 
traditional cabinets use 
poplar as a secondary 
wood, but I prefer the 
look of maple. Which is 
a better choice? 

—DAVE BROWN, 

San Francisco

Choosing a secondary wood

Single tenon for a wide apron?

Make this 
mortise and 
haunch a 
tight fit to 
keep apron 
flush with 
top of leg.

Haunch 

Large 
tenon 

Stub 
tenon 
keeps 
parts 
flush.

No glue 
from here 
down

In this 
mortise, 
allow 
an extra 
1⁄16 in. for 
movement of 
wide apron.

Leg Apron
Shoulder

Q: I plan to build a large, end-grain butcher-
block table out of maple. I’ve been told that legs 
made from 16/4 stock would be better than 
glued-up legs from 8/4 stock. However, I am 
having no luck finding 16/4 maple nearby. On 
the other hand, 8/4 maple is readily available. 
It’s not quartersawn, but it is dry and stable. I’m 
inclined to glue up this 8/4 stock for the legs 
and hope for the best. What do you think?

—OLAF GERHARDT, New York, N.Y.

A: AFTER MULLING OVER THE INTENDED PURPOSE OF 

THE TABLE and the heavy duty it will likely serve, I 
recommend a double crenellated tenon: two large 
tenons with a shorter stub tenon in between. 

One of the large tenons should be a bit loose 
in its mortise, allowing it and the full width of the 
apron or panel to move. In a table apron, the top 
tenon should be tight with the lower tenon loose, 
so that movement is directed away from the 
tabletop. For a 7-in.-wide apron, make the tenons 
about 13⁄4 in. wide each with a 1⁄2-in. haunch at 
the top and a 1⁄4-in. shoulder at the bottom. This 
leaves 23⁄4 in. for the central stub portion. Leave 
about 1⁄16 in. of space in the lower mortise to 
allow the tenon to move. 

—Mario Rodriguez teaches woodworking at 
workshops around the country. 

Q: I’m building a hall 
table with a large 
drawer (for a District 
of Columbia phone 
directory). The apron 
is 7 in. wide with 
mortise-and-tenon 
joints where it meets 
the legs. Will a single 
tenon make the apron 
crack?        

—BILL LINDAU, 

Vilas, N.C.
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•Understand basic anatomy
•Learn t ime-tested strategies
•Build furniture in any style

furniture
building WTHE BEST OF

Drawer design, p. 78

TAUNTON PRODUCT #017008

Sturdy table joints, p. 34 Chest of drawers, p. 62

Bed basics, p. 48

Bookcases, p. 18

Tables with drawers, p. 42

Table design, p. 30

Sideboards, p. 70
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