
T I MBERS  with NON-RECT ANGULAR S ECT I ONS :

Vector  Model

Direction Numbers  of Vectors
Vector x y z

a 0 s in µµ s in µ µ tan αα
b 0 s in µµ 0
c cos  µ µ +  s in µ µ tan α α / tan ββ s in µµ s in µ µ tan αα
d cos  µµ s in µµ 0
e cos  µµ s in µµ s in µ µ tan αα
f cos  µ µ +  s in µ µ tan α α / tan ββ 0 0
g s in µ µ tan α α /  tan ββ 0 s in µ µ tan αα

Equivalent values :  f X g =  (1,0,0)  b X d =  (0,0,1)  a X b =  f =  (1,0,0)
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Known Values:
Miter angle = µµ
Bevel angle = ββ
Slope angle = αα, the
dihedral angle between the
Sloped face and the face of
Bevel angle ββ.
Quantities to be calculated:

MIT, BEV, and θθρ ρ on the
faces, and dihedral angles
XDIH, YDIH, and ZDIH.

XDIH : Dihedral angle
between Sloped face and
Compound face.

YDIH : Dihedral angle
between Bevel (ββ)  face
and Compound face.

ZDIH : Dihedral angle
between Miter (µµ) face
and Compound face.

 tan YDIH =  tan µ µ /  s in ββ
 tan ZDIH =  tan ββ  /  s in µµ

cos(Compound Face Angle) =  cos  µ µ cos  β = β =  BEV + θθρρ

ββ



VECT OR MODEL compared to S QUARE CUT  MODEL:

Vector  Model extracted and re-pos itioned,
with the magnitudes  labeled.
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Note the similarity between the geometries of the
Vector Model for Non-rectangular Sections and the
Alternate Model for Square Cuts, in fact, if XDIH = 90
degrees, the models are identical.

k =  s in µ µ tan αα

ββ

a =  s in µ µ / cos  αα

f =  cos  µ µ +  s in µ µ tan α α / tan ββ

Dihedral angle
=  90 - αα

cos  µµ

θθρρ

Angle on
Compound Face

µµ

d =  1

b =  s in µµ

It is possible to use combinations of MIT, BEV, αα,  ββ,  µ µ ,  θθρρ,  and the
dihedral angles as givens to calculate the remaining angular values, using
either formulas, or a program that can solve standard timber framing
angles. Refer to Alternate TFA Program Scenarios or the tables in this
section.
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*g

s in µ µ tan α α / tan ββ

*g = s in µ µ tan α α / s in ββ

c

s in XDIH
=  cos  α α s in β β / s in BEV

tan ZDIH
=  tan ββ  /  s in µµ

tan YDIH
=  tan µ µ /  s in ββ



“S LI DI NG” the VECT ORS :

Vector  or ientation or  direction remains  the
   same as  in the or iginal model.

S implified T able of Direction Numbers
Vector x y z

a 0 1 tan αα
b ( = j) 0 1 0

c 1 / tan µ µ +  tan α α / tan ββ 1 tan αα
d 1 tan µµ 0
e 1 tan µµ tan µ µ tan αα

f (= i) 1 0 0
g 1 0 tan ββ
k 0 0 1

              (1,0,0) = i, ⊥ to plane abk
              (0,1,0) = j, ⊥  to plane fgk
              (0,0,1) = k, ⊥  to plane bdi
              (tan µµ,−1,0)  ⊥  to plane dek
              (0, tan αα,−1)  ⊥  to plane aci ( = plane cef )
              (- tan µµ, 1, tan µ µ /  tan ββ)  ⊥  to plane cdg

ββ
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      The group of vectors drawn with
heavier lines, which formed a Valley
kernel in the initial diagram, are now
arranged to create a Standard Hip Kerrnel.



ROT AT I NG the MODEL about the REFERENCE AXES :

Matr ix  for  Proj ection of Points  from the
Cros s -S ection (x y) Plane to the Compound (BEV) Plane
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x, y co-ordinates : P = (0, 1)                                   x               y
         Q = (1, 0)                   z  =
         R = (1, 1 + tan αα )               −− cot β   β       cot µµ

g = Q – R              c = P – R

                            i             j           k         Solve quantities g, c and
      r  =       xg         yg         zg            r = g X c (⊥ to BEV plane).
                xc         yc         zc             c X  - k (⊥ to MIT plane).

         Unit vectors i, j, and k represent the remaining planes.



S UBS T I T UE VALUES  for  T RI GONOMET RI C PROGRAMS :

Entr ies  for  XDIH, YDIH, and ZDIH <  90 °;  if angles  are ≥ 90 °,
results  may be supplementary or  complementary to the values  lis ted
in the table. Cer tain entr ies  (example:  4 th row) return ambiguous
values  for  MI T ER ONLY, or  ββ =  90 ° . T o ensure accuracy, all results
should be supplemented by 3-D models , and double-checked us ing
vector  analys is .

ENT RI ES RET URNS

Main
S ide

Adj acent
S ide

T otal
Deck
Angle

90– P2
Main

90– P2
Adj acent

90– C5m
+

90– C5a
XDIH 90 -  αα MIT BEV ββ YDIH

αα ZDIH µµ MIT θθρρ
180 -
XDIH

YDIH 90 -  αα ββ BEV MIT XDIH

YDIH XDIH BEV ββ MIT 90 -  αα

180 -
XDIH ZDIH θθρρ MIT µµ 180 +  αα

180 -
XDIH αα MIT θθρρ µµ 180 +

ZDIH

T able of T es t Values
Angle General

S quare Cut
(XDIH = 90)

Miter  only
(ZDIH = 90)

Bevel only
(YDIH = 90)

αα 20 C5 20 20 20

ββ 60 90-R1 73.01695 90 60

µµ 50 R4P 50 50 90

θθρρ 15.44452 P6 15.18892 15.57939 22.79588
MIT 45.40502 P2 48.23670 51.74437 78.82977
BEV 55.80825 90-SS 63.98951 74.42061 67.20412

XDIH 79.68680 90 90 77.29999 61.97568
YDIH 53.99479 90-DD 51.25270 50 90
ZDIH 66.14135 90-A5P 76.83217 90 60


