Tangent handrailing wreath developed from both books. A Treatise on StairBuilding & Handrailing is theoretically geometrical correct,
but you need A Simplified Guide to Custom StairBuilding and Tangent Handrailing to understand W & A Mowat.
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Isometric View of Prism
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Isometric View of Prism
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Face Mold width at Spring Lines
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Plan Acute with Upper Tangent Pitched

Lower Tangent Level
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Plate 1 6 Quater Circle Square Plan with Short Lower Pitched Tangent

Plan View Section Plane Vertex Information
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Plate 18 Acute Plan with Short Lower Pitched Tangent

Plan View Section Plane Vertex Information
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Plate 19.1

Tangent Handrail folding template for oblique plane angles.
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Plate 19.2
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Plate 19.3

f1 rl

Face Mould Ellipse semi major axis lines are parallel

Draw face mould semi major axis lines for center of face mould (blue),
then draw semi major axis lines that are parallel to the semi major axis lines of the
center of the face mould for the inner and outer curves of the face mould.
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Net of prism for tangent handrailing for
Quarter Circle with Unequal Pitched Tangents

Isometric drawing of prism for tangent handrailing for

Quarter Circle with Unequal Pitched Tangents

showing the relationship to roof framing geometry and trigonometry
for Hip Rafter Diamond Post

Isometric drawing of prism for tangent handrailing for
Quarter Circle with Unequal Pitched Tangents
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Height of prism leg EC-CC is determined by
Pitch Of Plank or Upper Tangent Pitch
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Plate 20

Acute Plan with Short Lower Pitched Tangent

Upper & Lower Twist Bevel Angles are
perpendicular to tangents and tangent to
right cylinder on section plane

slant_angle = upper_tangent_angle

(Angle_D,Angle_DD) = get_plan_angles(plan_view_angle,upper_tangent_angle,lower_tangent_angle)
SS = arctan(tan(slant_angle) + sin(Angle_DD))
S = atan(tan(slant_angle) + sin(Angle_D))

Plan View Minor Axis Offset Length = radius * cos(Angle_D)

Section Plane Minor Axis Offset Length = Plan View Minor Axis Offset Length + cos(SS)
major_axis = radius + cos(SS)

utb = 90° - arctan(sin(upper_tangent_angle) + tan(Angle_DD))

ltb = 90° - arctan(sin(lower_tangent_angle) + tan(Angle_D))

Section Plane Minor Axis Offset Length
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R1 = arctan( tan(upper_tangent_angle) + sin(Angle_DD))
R4Bm = arctan( cos(R1) + tan(Angle_DD))

R4Ba = arctan( cos(R1) + tan(Angle_D))

Angle of the Tangents = 180 - R4Bm - R4Ba
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Plan View Section Plane Vertex Information
Plan View Angle = 72.0000000000
Plan View Radius = 8.7185100000

Tangent Angles

Upper Tangent Angle = 35.0000000000
Lower Tangent Angle = 21.8014100000
Upper Twist Bevel Angle = 62.0366474261
Lower Twist Bevel Angle = 51.1918289162

Ellipse Angles

Plan Angle DD = 47.2133581426

Plan Angle D = 24.7866418574

Minor Axis = 8.7185100000

Major Axis = 12.0502272720

Plan View Minor Axis Offset Length = 7.9153194146
Section Plane Minor Axis Offset Length = 10.9401030539
R1 = 43.65462

R4Bm = 33.80896

R4Ba = 57.45200

Angle of the Tangents = 180 - 33.80896 - 57.45200 = 88.73904

Tetrahedron Angles

D Angle = 47.2133581426
A Angle = 43.6546170252
C Angle = 35.0000000000
E Angle = 33.8089621505
B Angle = 27.9633525739

90-D Angle = 42.7866418574
90-A Angle = 46.3453829748
90-C Angle = 55.0000000000
90-E Angle = 56.1910378495
90-B Angle = 62.0366474261

Tetrahedron Angles

D Angle = 24.7866418574
A Angle = 59.0894662316
C Angle = 35.0000000000
E Angle = 48.0465198522
B Angle = 51.1627258173

90-D Angle = 65.2133581426
90-A Angle = 30.9105337684
90-C Angle = 55.0000000000
90-E Angle = 41.9534801478
90-B Angle = 38.8372741827



Plate 21

Acute Plan with Short Lower Pitched Tangent

0

06.19104°

21.80141°

33.60896°

38.8372/7°
35.00000°
116273
24,78664° 2085
41,95348°
48.04652°

Tetrahedron Angles

D Ang
A Ang
C Ang
E Ang

e = 24.7866418574
e = 59.0894662316
e = 35.0000000000
e = 48.0465198522

B Ang

e = 51.1627258173

4/.21336°

4. /86

90-D Ang
90-A Ang
90-C Ang
90-E Ang

e = 65.2133581426
e = 30.9105337684
e = 55.0000000000
e = 41.9534801478

90-B Ang

e = 38.8372741827

38.73904°
/////// 35.00°
72.00000°
54
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Plan View
24, 78664°

D Ang
A Ang
C Ang
E Ang

Tetrahedron Angles

e = 47.2133581426
e = 43.65461/70252
e = 35.0000000000
e = 33.8089621505

B Ang

e = 27.9633525739

Plan View Section Plane Vertex Information
Plan = Acute

Unequal Pitched Tangents

Plan View Angle = 72.00

Tangent Angles

Upper Tangent Angle = 35.00

Lower Tangent Angle = 21.80141

Upper Twist Bevel Angle = 62.0366474261
Lower Twist Bevel Angle = 51.1918289162

90-D Ang
90-A Ang
90-C Ang
90-E Ang

e = 42.7866418574
e = 46.3453829748
e = 55.0000000000
e = 56.1910378495

90-B Ang

e = 62.0366474261

62 03664°
0.00000° 65337
43604627
4/.21336°
06.19104°

3360896
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Plate 22 | Quarter Circle Plan with Equally Pitched Tangents

Plan View Section Plane Vertex Information
Plan = Square

Equal Pitched Tangents

Plan View Angle = 90.00000

Plan View Radius = 12.00000

Tangent Angles

Upper Tangent Angle = 30.25644
Lower Tangent Angle = 30.25644
Upper Twist Bevel Angle = 63.25779
Lower Twist Bevel Angle = 63.25779

Dihedral Angle at Upper Tangent Angle = 63.25779

-~

C soasess . R1=39.52120
. R4Bm = 37.64621
R4Ba = 37.64621

Angle of the Tangents = 180° - 37.64621° - 37.64621 = 104.70759°

Ellipse Angles
Plan Angle DD = 45.00000
Plan Angle D = 45.00000
% Minor Axis = 12.00000
Plan View Major Axis = 15.55635
! Plan View Minor Axis Offset Length = 8.48528
Section Plane Minor Axis Offset Length = 11.00000

O
Q>
ol

Tetrahedron Angles

X ,:' D Angle = 45.00000
| A Angle = 39.52120

C Angle = 30.25644

E Angle = 37.64621

B Angle = 26.74221
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—-—

~
~——

g

3 90-D Angle = 45.00000
- 90-A Angle = 50.47880
% 90-C Angle = 59.74356
C. 90-E Angle = 52.35379
® 90-B Angle = 63.25779
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Quarter Circle Plan with Shorter Pitched Tangent
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Plan View Section Plane Vertex Information

h Plan = Square
Unequal Pitched Tangents

Z
Plan View Angle = 90.00000
Plan View Radius = 12.00000

Tangent Angles
Upper Tangent Angle = 40.00000

E 23.92949°
) Lower Tangent Angle = 30.25644
Upper Twist Bevel Angle = 65.92208
Lower Twist Bevel Angle = 54.06553

Dihedral Angle at Upper Tangent Angle = 65.92208

R1 = 45.62175

R4Bm = 25.92949

- R4Ba = 45.17265
Angle of the Tangents = 180° - 25.92949° - 45.17265 = 108.89786°

3!85644°{
/\Y ?}\\Utb 65.9368)° 7
Y’%ﬁ D'ss o957 Ellipse Angles
O\ L O,‘O‘ Plan Angle DD = 55.19337
(é//\ 2 Plan Angle D = 34.80663
’&% \ Minor Axis = 12.00000
%\ Plan View Major Axis = 17.15776
Plan View Minor Axis Offset Length = 9.85300
, Section Plane Minor Axis Offset Length = 14.08795
X
X ’/ Tetrahedron Angles Tetrahedron Angles
X yd D Angle = 55.19337 D Angle = 34.80663
A Angle = 45.62175 A Angle = 55.77399
C Angle = 40.00000 C Angle = 40.00000
v E Angle = 25.92949 E Angle = 38.97537
B Angle = 24.07792 B Angle = 42.75715
90-D Angle = 34.80663 90-D Angle = 55.19337
90-A Angle = 44.37825 90-A Angle = 34.22601
90-C Angle = 50.00000

90-E Angle = 51.02463

90-C Angle = 50.00000
90-E Angle = 64.07051
90-B Angle = 47.24285

90-B Angle = 65.92208
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Plate 24

Obtuse Plan with Equally Pitched Tangents
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Plan View Section Plane Vertex Information
Plan = Obtuse
Equal Pitched Tangents

Plan View Angle = 108.00000
Plan View Radius = 8.71851

Tangent Angles

Upper Tangent Angle = 21.80141
Lower Tangent Angle = 21.80141
Upper Twist Bevel Angle = 74.89944
Lower Twist Bevel Angle = 74.89944

Dihedral Angle at Upper Tangent Angle = 74.89944

R1 = 26.30904
R4Bm = 33.07558
R4Ba = 33.0/558

Angle of the Tangents = 180° - 33.07558° - 33.07558 = 113.84884°
Ellipse Angles
P

an Angle DD = 54.00000
P

an Angle D = 54.00000
Minor Axis = 8.71851

Major Axis = 9.72596

Plan View Minor Axis Offset Length = 5.12461
Section Plane Minor Axis Offset Length = 5.71678
Tetrahedron Angles

D Angle = 54.00000
A Angle = 26.30904
C Angle = 21.80141
E Angle = 33.0/558
B Angle = 15.10056
90-D Angle = 36.00000
90-A Angle = 63.69096
90-C Angle = 68.19859
90-E Angle = 56.92442
90-B Ang

e = 7/4.89944



Plate 25 | Obtuse Plan with Shorter Pitched Tangent
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Unequal Pitched tangents
i Plan View Angle = 108.00000
Plan View Radius = 8.71851

Tangent Angles .

Upper Tangent Angle = 35.00000

E 1257663 Lower Tangent Angle = 21.80141
Upper Twist Bevel Angle = 81.01273
Lower Twist Bevel Angle = 60.62435

Dihedral Angle at Upper Tangent A\ln\gle = 81.01273

R1 = 35.99236
R4Bm = 12.57663
R4Ba = 50.80486

Angle of the Tangents = 180° - 12.5766E§° - 50.80486 = 116.61852°
Ellipse Angles “
Plan Angle DD = 74.58446
Plan Angle D = 33.41554
Minor Axis = 8.71851
Major Axis = 10.77563

|
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___________
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90-B Angle = 81.01273

-

-
-
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- Y \ Drassdhe Z Plan View Minor Axis Offset Length = 7.27733
=\ - Section Plane Minor Axis Offset Length = 8.99440
;\:\ \ \\\ l,',l
3\ O\ 8 Tetrahedron Angles | Tetrahedron Angles
\ RN 5 {
oo N, /
A GRS D Angle = 74.58446 ~ D Angle = 33.41554
% A Angle = 35.99236 A Angle = 51.81525
/, X X C Angle = 35.00000 C Angle = 35.00000
SS I E Angle = 12.57663 E Angle = 43.13699
</ X B Angle = 8.98727 B Angle = 41.00242
8
§ 90-D Angle = 15.41554 90-D Angle = 56.58446
& \ 90-A Angle = 54.00764 90-A Angle = 38.18475
%7\/ \ 90-C Angle = 55.00000 90-C Angle = 55.00000
3 90-E Angle = 77.42337 90-E Angle = 46.86301
&) 90-B Angle = 48.99758
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Plate 26 | Acute Plan with Equally Pitched Tangents

Plan View Section Plane Vertex Information
e Plan = Acute
T Equal Pitched Tangents
Plan View Angle = 72.00000
Plan View Radius = 8.71851

:C Tangent Angles
N s A - Upper Tangent Angle = 21.80141
5? / ;/' 4869039° 7N _.ower Tangent Angle = 21.80141
/ 57 1 //////% Upper Twist Bevel Angle = 62.92500

LR AO . _ower Twist Bevel Angle = 62.92500

/ £ 82.6Y022°

/ ) N

430961 o " Dihedral Angle at Upper Tangent Angle = 62.92500

ll\ 90° -E C 2180141° \\\

. R1 =34.23610

)Y |

- R4Bm = 48.69039

Y > = Z ' R4Ba = 48.69039

Y D 36.00° /62,5250 // A . o _ o _ _
/ Angle of the Tangents = 180° - 48.69039° - 48.69039 = 82
%
9 > Oﬁ%e / Ellipse Angles

%C@ olin View & . Plan Angle DD = 36.00000
s Z/ ' Plan Angle D = 36.00000
/ . Minor Axis = 8.71851
; X ~ Major Axis = 10.54582
| g X X | ~ Plan View Minor Axis Offset Length = 7.05342
/ '~ Section Plane Minor Axis Offset Length = 8.53175
Ya—— ! Tetrahedron Angles

[
e\ ) B ) D Angle = 36.00000
T 63 YA A Angle = 34.23610
\ 2 I ’/ C Angle = 21.80141
@

A o E Angle = 48.69039
\:ii:::\ B % e B Angle = 27.07500
“““““““““““““ 90-D Angle = 54.00000
T Y 90-A Angle = 55.76390
90-C Angle = 68.19859
90-E Angle = 41.30961
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Plate 27

Acute Plan with Shorter Pitched Tangent

Plan View Section Plane Vertex Information
Plan = Acute

Unequal Pitched Tangents

Plan View Angle = 72.00000

Plan View Radius = 8.71851
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_ > Tangent Angles
/ /////?éé///////// Upper Tangent Angle = 35.00000

% Lower Tangent Angle = 21.80141
Upper Twist Bevel Angle = 62.03665
Lower Twist Bevel Angle = 51.19183
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Dihedral Angle at Upper Tangent Angle = 62.03665

Yo b6 — . R1 = 43.65462
Y \47.213%6" Ji R4Bm = 33.80896
RS R4Ba = 57.45200
é%@/ N\ %, Angle of the Tangents = 180° - 33.80896° - 57.45200 = 88.73904°
23 % ’
Q“S(f\ Plan View Ellipse Angles
KON ~ Plan Angle DD = 47.21336
X Plan Angle D = 24.78664
"X Minor Axis = 8.71851
| X | Major Axis = 12.05023
Plan View Minor Axis Offset Length = 7.91532
Section Plane Minor Axis Offset Lengtﬂ_eér? eghgngles
Tetrahedron Angles D Angle = 24.78664
A Angle = 59.08947
\\\ 4 L Y / A Angle = 43.65462 E Angle = 48.04652
7 C Angle = 35.00000 B Angle = 51.16273
SO T Y E Angle = 33.80896
\\\\\\\\\ | B Ang e = 27.96335 90-D Ang e = 65.21336
_____________________________ 90-A Angle = 30.91053
90-D Angle = 42.78664 90-C Angle = 55.00000
90-A Angle = 46.34538 90-E Angle = 41.95348
90-C Angle = 55.00000 90-B Angle = 38.83727
] 90-E Angle = 56.19104
———————————————————————————————————— 90-B Angle = 62.03665




Plate 28

Tangent Handrailing step by step instructions for drawing the face mold pattern
for a square plan and equal pitched vertical plane tangents.

D D
f f f f
d d d
b c b c b c c
Plan View a Plan View v a Plan View v a Plan View v Plan View v
Plan View = Square Step 1 Step 2 _ Step 3 Step 4
I a-b=d-b Draw arc or circle equal to Draw line from e to D for the Draw line from a to d for the
Equal Pitched Tangents I ) - N A
Draw perpendiculars to radius e-d from center point angle of the tangents Ordinate Direction
upper tangent angle d-e-f e Draw line from d thru D for
the Direction on the Minor
Axis on the Oblique Section
Plane
E' g
| |
|
MA MAL MA MAL MA
el S
E E i E
Mi \
MAL T
Step 8
Draw circle at point D with
radius equal V-c. Draw a line
¢ from point D to Mi , where f Step 9
/ the stair well circle intersects Draw circle at point E with
the major axis line MA-MAL. radius equal D-MAL
The semi major axis length
of the ellipse is equal to
D-MAL. In this drawing the
semi-major axis length =
15.56
¢ stair well right cylinder ¢ stair well right cylinder
tangent to horizontal plan tangent to horizontal plan
view tangents. view tangents.
Q. Q.
® %
Plan View v Plan View v
O O
E' g

Mi
— 2 —a
MA1 MA1
D
Step 13
f Draw lines at D and f that are perpendicular to the f

tangents lines. The length of the lines are equal to twice
the length of the twist bevel line a' - t.
Step 14

Draw a construction line from w1 thru w' to w".
The length of the semi-major axis for the inside of the
ellipse face mold template is w1 - w".

Draw a circle at center point E with radius equal to
E-m1.
Then tranfer the circle to point wil.

Q.
%
&

Plan View

Draw an ellipse with center
point E with semi-minor axis
equal to E-m and semi-major
axis equal to E-Al.

4

® Q!

0. t
% @ % @
o a <
® J ©
b b
Plan View v a Plan View v a
O O

Plan View

Extend line d-a and draw
line from V to X,
perpendicluar to line d-a.
Tranfer the line d-D, the
direction of the minor axis of
the ellipse to point e.

MA1

stair well right cylinder
tangent to horizontal plan
view tangents.

A2
MA1

Step 15
Draw a circle at center point E with radius equal to w1 -
w".

Draw an elliptic arc with center point E, semi-minor axis
equal to E-m1 and semi-major axis equal to w1- w".

Step 5
Draw circle or arc with radius
equal to d-X at center point
d. Draw line MA to MAL. This
line is thru point E-F. This

Plan View

Q
A

Plan View

&

%

\&

—n

Step 11

Draw elliptic arc with center
point E with semi-minor axis
equal to E-m and semi-major
axis equal to E-Al from point
Dtof.

®

Q.
%
%

Plan View

MA1

line should be perpendicular
to lines d-F and e-E

MA1

I

stair well right cylinder
tangent to horizontal plan
view tangents.

Plan View

MA — Al

MA1

Step 16
Draw a circle at center point E with radius equal to E -
m2.

Then trarfer the circle to center point z2.
Draw a construction line from z2 thru z' to z".

The length of the semi-major axis for the outside of the
ellipse face mold template is z2 - 2".

T

i~

line

O.
%,
%

Plan View

—

Step 12
Draw circle at point k equal to the width of the stair
railing and tranfer circle to point m.

d-e.

®

Q.
%%

Plan View

%

%

MA1

Step 7
radius of the right cylinder of the tangent plan.

Tranfer the circle to point E. Point E is the center of
the ellipse.

MA1

Draw an arc or circle from point b to the point A. Point A
is the alitute of the triangle that is perpendicular to the

Then draw a line from t to a. The angle formed by a-t-b
is the twist bevel angle. The length of the bevel for the
face mold at D and F is the hypotenuse of a triangle

with % the width of the stair railing width as it's base.
The bevel length is a' - t.

MA1

Step 17

Draw a circle at center point E with radius equal to z2 -
z".

Draw an elliptic arc with center point E, semi-minor axis
equal to E-m2 and semi-major axis equal to z2- z".

Ja)
]

b

Draw circle at point V with radius equal V-c, that is the



Tangent to an Ellipse
Plate 25 from New Elements of Hand-Railing

by Robert Riddell 1871

Circle
Center Point K Circle
Radius HE Center Point H

Radius HE

Major Axis AB

Minor Axis DF

CF = AD = DB Lines 1 and 2 are parallel and equal in length
EF = AD = DB Line 3 is tangent to the ellipse at point H

Ellipse Foci C & E



Plate 30 | Tangent, Bevel and Elliptic Curve
from New Elements of Hand-Railing
by Robert Riddell 1871

Tangent Angles
Upper Tangent Angle = 39.80557
27037287 9703728 Lower Tangent Angle = 39.80557
. Upper Twist Bevel Angle = 57.37326
SePese 1141945/ 32.90272° Lower Twist Bevel Angle = 57.37326

Dihedral Angle at Upper Tangent Angle = 57.37326

R1 = 49.68446

R4Bm = 32.90273

R4Ba = 32.90273

Angle of the Tangents = 180° - 32.90273° - 32.90273 = 114.19454°

Ellipse Angles

Plan Angle DD = 45.00000

Plan Angle D = 45.00000

Minor Axis = 6.00000

Major Axis = 9.27362

Plan View Minor Axis Offset Length = 4.24264
Section Plane Minor Axis Offset Length = 6.55744
Major Axis inside rail width = 7.72802

Major Axis outside rail width = 10.81922
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Plate 31

Seat is
Perpendicular To
Ordinate Direction

Distane 2 - 3 is the length to
slide the face mold

Angle M-Z-E is the lower
tangent twist bevel angle

Ordinate

39.12785°

The Ordinate, its Power and value in the Construction of Wreaths
from New Elements of Hand-Railing
by Robert Riddell 1871

Plan View Section Plane Vertex Information
Plan View Angle = 75.00000
Plan View Radius = 8.04494

Tangent Angles

Upper Tangent Angle = 50.56066
Lower Tangent Angle = 39.12785
Upper Twist Bevel Angle = 53.42673
Lower Twist Bevel Angle = 41.12187

Dihedral Angle at Upper Tangent Angle = 53.42673

R1 = 59.32450

R4Pm = 26.11051

R4Pa = 42.80063

Shoeee Angle of the Tangents = 180° - 26.11051° - 42.80063 = 111.08886°

Height

Ellipse Angles
Plan Angle DD = 46.14845

Plan Angle D = 28.85155
Minor Axis = 8.04494
Major Axis = 15.76897



cord = 2 * Radius * sin(central angle + 2) = 12.76496
tangent length = (Radius * sin(central angle + 2)) + cos(central angle + 2) = 10.48436
_ _ lower tangent rise = tangent length * tan(lower tangent angle)
Plan View Radius = 8.04494 lower tangent rise = 10.48436 * tan(39.12785) = 8.52888
Upper Tangent Angle = 50.56066° tangent base offset = lower tangent rise + tan(upper tangent angle)
Lower Tangent Angle = 39.12785° tangent base offset = 8.52888 + tan(50.56066) = 7.015515
Central Angle = 105° upper tangent base = tangent length + tangent base offset
Plan View Angle = 75° upper tangent base = 10.48436 + 7.015515 = 17.49988
upper tangent height = upper tangent base + tan(upper tangent angle)
upper tangent height = 17.49988 * tan(50.56066) = 21.2749033461

Plate 32 P

Elucidation of the
Tangent Handrailing

Al
Angles

X
«69@

ordinate length = ((469.1900038160 ) - (2 * 12.76496 * 17.49988 * cos(52.5))
ordinate length = ((469.1900038160 ) - (271.9766701837) = 14.0432664873

upper tangent height

Tangent

Al

angle D = arccos((upper tangent base? + ordinate length? - cord?) + (2 * upper tangent base * ordinate length) )
angle D = arccos((17.49988% + 14.0432664873% - 12.764962) = (2 * 17.49988 * 14.0432664873) )
angle D = arccos((340.515206998) = (491.511223015)) = 46.148445275

Seat E-G is
Perpendicular To
Ordinate Direction

angle DD = 180° - central angle - angle D
V| Seat  90.00° angle DD = 180° - 105 - 46.148445275 = 28.851554725

©0.00°

i
ordinate length = \ ((cord? +upper tangent base? ) - (2 * cord * upper tangent base * cos(central angle + 2))

seat = (Radius * cos(angle DD)) + (Radius * cos(angle D))

20060667 seat = (8.04494 * c0s(28.851554725)) + (8.04494 * cos(46.148445275)) = 12.6195363496

upper tangent Height

pitch of plank = arctan(upper tangent height + seat)
pitch of plank = arctan(21.2749033461 + 12.6195363496) = 59.3250488281

irection

semi-major axis = Radius + cos(pitch of plank)
semi-major axis = 8.04494 + c0s(59.3250488281) = 15.7692298976

lower tangent rise

ordinate length = 2 - C
DC = central angle

Ordinate D

39.12785°

C 2
tangent length tangent length

v )
e

tangent base offset = 2 - B
2 upper tangent base = 2 - A





