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Tapered Mortise
and Tenon
A Simple Joint That Packs Great Rewards

tighter as the tenon is driven home 
suits the shifting nature of wood. Sea-
sonal shifting in a tapered tenon could 
potentially break the glue bond, but it 
won’t affect the ability of the joint to 
hold tight. (Drawing 2)

Benefits of the tapered tenon
•		The	lathe	and	the	drill	are	perfectly	

suited to make the matching compo-
nents of a tapered tenon.

•		Tapered	tenons	make	the	assembly	
of complex angled structures easier 
because the joints are not tight 
until driven home, unlike parallel-
sided tenons that must be perfectly 
aligned from the moment the tenon 
enters the mortise. This is important 
in chair assembly when multiple 
parts must be assembled simultane-
ously. (Drawing 3)

•		The	mating	surfaces	in	a	cylindrical	
mortise and tenon are often starved 
of glue because glue is scraped away 
while the tenon is driven in. With a 
tapered tenon, the glue stays in place.

•		The	ability	to	fine-tune	a	tapered	
tenon gives great freedom of design 
in chairmaking, greatly simplifying 
working with curved pieces. When 
working with curves, I often use 
points along the curve as references, 
then make slight adjustments in the 
mortise to ensure that the reference 
points are in the correct position.

Tips on making tapered tenons
Driving a wedge into the small end 
of a through tenon can tighten the 
joint, as well as add aesthetic inter-

As I look back on the time I 
spent learning to make chairs, 
one of the greatest revelations 

is the tapered mortise and tenon. 
Look no further than your lathe to 
find this joint hard at work. The drive 
center in most lathes is held in the 
headstock with a tapered tenon. It is 
a mechanical joint that doesn’t rely 
on glue or tightening a bolt. It frees 
with a simple tap, but once tightened, 
it holds like grim death. I became a 
devotee, for the simplicity of making 
it, its amazing strength, and its many 
design possibilities. (Drawing 1)

A tapered tenon doesn’t rely on 
perfect sizing, but on good geometry. 
The fact that the joint gets increasingly 

est. While the exposed endgrain 
of the tenon may increase the sea-
sonal moisture exchange in the joint, 
wedging the joint adds to its tight-
ness. (Drawing 4)

When planning placement of the 
wedges, it is vital to correctly orient 
them to prevent splitting the mortise 
piece. The wedge must exert pres-
sure on the endgrain of the mortise to 
lessen the chance of splitting.

With the use of reversible hide glue, 
the joint is easily repairable. Slightly 
retracting a loose tenon will result in 
a gap large enough to add fresh glue 
to the joint. In square-joined work, 
complete disassembly is required.

Types of reamers
There are a number of reamers avail-
able commercially. (Go to my website 
at www.petergalbertchairmaker.com 
for a description of how to make your 

Reamers come in a variety of angles, sizes 
and types. From left to right: A cello reamer, 
a spoon bit style reamer for use in a brace, a 
shopmade wooden reamer and a hardware 
store plumbers reamer.
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own reamer and for a list of other 
types of reamers.) (Photo 1)

I prefer a taper of about 6°. The 
reamers often marketed as chair-
makers’ reamers are in the 11° to 
12° range. Besides the lesser holding 
power of this angle, many of my stu-
dents have had great difficulty with 
these reamers. They cut aggressively 
and can be difficult to control. 

Some reamers are meant to be 
chucked into a brace. This seems to 
add another element of speed and 
leverage at the expense of control. 
Not to say that it isn’t a skill one 
could acquire, but it isn’t the method 
I recommend as an introduction to 
making this joint.

A small plumber’s reamer, sold at 
local hardware stores, is a cheap and 
easy introduction to making tapered 
tenons. While obviously not specifi-
cally designed to cut wood, the taper 
angle and the slower cutting action 
make the tool easy to control.

Dryness of the tenons
It is important that the tenons be su-
perdried to prevent shrinkage after 
the joint is assembled. Tenons that 
dry will shrink, possibly resulting in 
glue failure and shifting of the joint.

I use a shopmade kiln, a simple box 
made of foil-faced rigid foam insula-
tion with a lightbulb inside. I set the 
tenons in holes in the top of the box. 
Fire safety should be a prime con-
sideration when making and using 
a kiln! Once the tenons have dried, 
usually a couple of days at around 
130° to 140°, I chuck them back in the 
lathe and turn them to their final 
taper, shaping the leg as well. The 
tenons should be kept in the kiln 
until they are needed for trial assem-
bly, then returned until it is time for 
final assembly.

The project
Now to a project that puts this joint 
to use. This oval footstool is fun to 

make and handy to have around. 
Select a hardwood board, 1½" thick, 
10" wide, and 24" long. Crosscut it at 
14" to separate the piece for the stool’s 
top from the material for the legs. 
Gluing up wood will work fine, as 
long as the joint doesn’t pass directly 
through any of the joints. I use oak, 
hard maple, or cherry that has been 
airdried. Straight-grained wood will 
make for stronger legs. (Photo 2) 

Begin by establishing a location 
and diameter for the larger end of 
the taper and marking it with a score 
mark. This baseline mark is where the 
tenon begins to taper. This mark also 
helps to ensure consistent sizing of the 
tenons. Turn a true cylinder over the 
length of the tenon the same diameter 
as the baseline. Then, turn part of the 
leg below the tenon line. Remove the 
leg from the lathe and superdry the 
end of the tenon. Follow this proce-
dure for all four legs. (Drawing 5)

You are now ready to rechuck each 
leg in the lathe and cut the taper of the 
tenon. As I mentioned before, I cut my 
tenons at 6°. A simple jig will help you 
sight the correct angle. The jig consists 
of a flat magnet glued to a strip of 
wood that has been sized to fit snugly 
into the gap in my lathe bed. When a 
piece of paper is slipped into that gap, 

1  Tapered Tenons vs. Cylindrical 
the tapered tenon (on the left) 
drives into the mortise until it is 
tight, while the cylindrical tenon  
(on the right) drives until the 
shoulder makes contact.

2  Shrinking Tenons  
Act Differently 
the tapered tenon (left) will continue 
to advance in the hole until tight, 
unlike the cylindrical tenon which 
relies on the diameter of the tenon 
and mortise to form a tight joint.

tenon  
protrudes  
until tight

Cylindrical loosens

Cylindrical 
tenons  

must be  
the same 
size and 

shape as 
the mortise.

tapered tenons must be the same  
angle as the mortise.

Shoulder

No shoulder

The desired alignment is achieved when the 
center point of the reamer is in line with the 
sightline, when viewed down the edge of  
the square.
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careful in sizing your mortise block, 
you can check the tenon while it is 
still chucked in the lathe (turned off of 
course). (Photos 5 and 6)

Once the shape of the tenon is close 
to being correct, finish it off with 
a skew chisel, which gives a clean 
surface and a clearer line by which to 
judge the angle. It is important that 
the sides of the taper are straight and 
not sunken in or bellied out. Turn 
the shape of the rest of the stool’s leg. 
(Drawing 6, Photos 7–10)

(Left) A simple test block, 
made with the reamer for 
the project, can be used to 
test the fit of the tenon. 

a line scribed on it is at 3° to the axis of 
the centers. (Photos 3 and 4)

Begin cutting the taper with a rough 
cut, then check it by aligning the top 
of the taper with the template below. 
If the taper lines up unevenly with 
the template, cut where the taper and 
the line visually eclipse. Repeat this 
process until the taper is parallel to the 
line on the template.

Another method for achieving the 
correct angle of the taper is to ream a 
hole of the approximate mortise size 
in a test block and then cut the block 
lengthwise. It helps to cut the block 
slightly more than halfway through 
so that it actually wraps around the 
tenon. After cutting an approxima-
tion of the taper, stop the lathe and 
test it in the half mortise. If you are 

3  Misaligned Tenon Assembly 
tapered tenons are loose in the 
mortise until driven home, allowing 
parts to be slightly out of alignment. 
this is especially helpful in chairs 
where multiple parts must be 
assemble simultaneously.

4  Poorly Fitting Tenon and Wedge 
A slight gap as the tenon exits the 
mortise is easily filled by driving a 
wedge (right), whereas a gap at the 
mortise entrance leaves a poor fit 
and risks splitting the fragile edge  
at the exit.

Fat tenon end breaks 
fibers at thin edge of 
mortise exit

Loose joint

Wedge  
opens tenon 
and fills gap

tenon  
held tight at 

entry

Cylindrical tenon 
must align

(Left) The line on the template shows that 
the tenon is not correctly tapered.

(Right) The angle of the tenon  
is now parallel to the line on the 

template showing that the tenon 
now has the correct taper.

3

(Above) The tenon in the test 
block shows a snug fit.
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Making the top of the stool
Trace an oval template onto the seat 
plank, which should be planed to 
1¼" thickness. You are now ready to 
drill mortise holes, which will later 
be reamed out for the tapered tenons. 
Each leg will cant out 107°. Determine 
that angle by eye with the help of sight 
lines. (Drawing 7)

I like to use mirrors, one parallel to 
the sight line and the other perpen-
dicular, to help match the drill bit to 
the square and bevel square without 
moving my head. It is important that 
you see a small gap in the mirror 
between the drill bit and the measur-
ing tools. Parallelism is easier to see 
when there is a small gap. (Photo 11)

The angle of the mirrors in their 
holders is set at about 15°, which 
works for most average-height people. 
Taller folks may need to adjust the 
angles a bit. Drill the four holes from 
the bottom of the seat using a 7∕16" di-
ameter drill bit (or one that is slightly 
larger than the smallest diameter of 
the tenon).

Now it’s time to ream the holes 
to receive the tapered tenons. Once 
again, you can use the mirrors, 
square, and angle to help sight the 
reamer, just as you did the drill bit.

Only take two or three turns before 
removing the reamer to clean out the 
shavings and check the angles. If you 
are using the shopmade reamer, you’ll 

5  6° Taper Starting at  
the Baseline 
the taper is sized by turning a 
baseline to the desired diameter and 
then tapering 3° from each side.

6  Bellied and Sunken Tenons 
Misshaped tenons like the ones 
shown render poor fitting joints.

Baseline

3° 3°

Bellied tenon Sunken tenon

7 8

109
The rough turned leg. Except for the tenon, the leg is finished 

and oiled. Note that the tenon has been left 
cylindrical. After drying in the kiln, it will be 
turned to the correct taper.

Transfer the diameters from the template to 
the rounded leg blank.

The leg blank after sizing the diameters.
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want to actually pull the blade from 
the slot to clean out any shavings that 
may have gotten jammed in the kerf. 

By placing the reamer in the hole 
and viewing its alignment with the 
square and the bevel square, you can 
check the accuracy of the mortise. If 
the reamer is out of alignment, which 
it probably will be, make a mental 
note of which direction will correct it 
and ream once again. This time, put 
extra pressure laterally on the reamer 
in the direction you want the leg to 
move. It is vital that the reamer be 
fully seated in the mortise even when 
trying to adjust the alignment. Worse 

12
Numbering the tenons and mortises 
ensures that the legs are assembled in  
the correct locations.

7  Drawing of Sight Lines 
the legs lie in planes that intersect at the center of the top.

8  Legs in Alignment with the Top 
Correctly orienting the grain direction in the legs with the grain direction in the 
top of the stool helps ensure that the seasonal swelling of the tenons doesn’t 
split the wood.

Growth rings parallel  
to endgrain of the top

endgrain edge

107°

Two mirrors, one parallel to the sight line 
and one perpendicular to it, are helpful aids 
to aligning the drill. A small gap between the 
drill bit and the measuring tools, as seen in 
the mirrors, shows the alignment.
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than a slightly off leg is a misshaped 
mortise that will never hold. As soon 
as the leg will fit into the mortise, I 
use it to check the fit. Because each 
tenon may be slightly different in 
size, it is important to label each  
leg to correspond to a specific hole. 
(Photo 12)

To finish, simply repeat these steps 
until the leg almost advances to 
the line that denotes the end of the 
tapered tenon. Stop about 1∕32" shy to 
allow for pounding the leg into the 
mortise. (Photo 13)

I align the leg so that the growth 
rings are parallel to the endgrain of 
the seat. (Drawing 8)

This ensures that seasonal move-
ment of the seat plank and the move-
ment of the leg will be in harmony. 

Reaming a leg is a lot like landing 
a plane. The pilot doesn’t stop paying 
attention just because he is pointing 
in the right direction. The joint will 
change throughout the process even 
when you are not trying to adjust the 
alignment. It is easier to adjust the 
alignment early on when the reamer 
is making contact with less of the 
mortise than near the end. Attempts  
to make large changes in alignment 
often overshoot the goal. 

Once all four mortises are reamed, 
place the legs in their respective holes 
and in proper alignment. Mark the 
tops perpendicular to the long fibers 
of the seat. 

Adding a saw kerf and wedge
Remove the legs and saw a kerf  
to within ¼" of the tenon baseline. 
(Photo 14)

Make your wedges out of the same 
wood as the stool or use a contrast-
ing wood. They can be bandsawn or 
split from a small block of wood and 
shaved to shape.

Bandsaw the wood for the top of 
the stool to an oval pattern. Bevel the 
edges. You are now ready to glue each 
leg in, one at a time. 

Gluing the project
Start by putting hide glue in the 
mortise, then on the tenon. Orient the 
leg correctly and then knock it home 
with a mallet.

The noise will change to a dull thud 
when the tenon is fully seated. Take 
caution not to use overdue force. The 
taper can act as a wedge and split the 
seat! Once the tenon is seated, take a 
wedge and put glue on one side of it. 
Support the leg on the benchtop, and 
drive the wedge until it makes the 
dull thud.

Clean off the glue and let it dry 
overnight before trimming the top off, 

level to the seat. Cut the legs to level 
if needed. Finish sanding the stool, 
and apply whatever finish you prefer. 
(Photo 15)

The tapered mortise and tenon is a 
simple joint to make that packs some 
great rewards. By being able to adjust 
the mortise, I am able to take less 
than perfect, handshaped parts and 
assemble complex pieces. This joint 
has tamed the often daunting angles 
and curves involved in making chairs 
and given me a great deal of freedom. 
While there may be a learning curve 
to the reaming process, once it is in 
hand, you may just start seeing appli-
cations in your own work. 

Peter Galbert, chairmaker, lives in  
Bethel, New York. He is the creator of  
the Galbert Caliper for woodturning. 
Read more about his chairmaking at 
www.petergalbertchairmaker.com.

The tenon is reamed until the baseline 
makes contact with the entrance of  
the mortise.
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After aligning the legs in the top of the stool, 
mark them for the wedges. Cut a thin kerf in 
the end of each tenon.

Cut the protruding tenons flush to the top of 
the stool.

14

15

Copyright 2009, 2016, American Association of Woodturners. All rights reserved. 




