ANALYSIS of R4, R5, A5, R6 ANGLES:

Valley Foot meets Main Common Rafter

The standard theoretical model is a Hip kernel, and the rule for positioning or locating the angles is: Hip base, Valley peak. Since a Valley rafter is an inverted Hip rafter, and the Valley Rafter meets Common Rafter joint involves the Valley foot, the Hip peak angles are required. The deck angles involved are 90 – DD and 90 – D.
tan R4 = tan P2 / cos C5
…
returns R4P

tan R5 = tan R1 cos DD
…
returns R5B

Substituting in the equation cos (Compound Face) = cos Miter cos Bevel

yields cos (90 – R5P) = cos R4P cos (90 – R1).

Adjusting the trig functions returns sin R5P = cos R4P sin R1, the R5P value which is related to the R4P peak value at the joint.

Another method: Angle R5P is R1 revolved through deck angle 90 – DD.

Therefore, tan R5P = tan R1 cos (90 – DD) = tan R1 sin DD.

tan A5 = tan R1 sin R4   …   A generic equation for any A5 angle; because R4P is entered, the formula always returns A5P.

R6 = arctan [tan (90 – R5) / cos DD] – [90 – R1]
….
R6P is the required angle. Since R5B is the value entered, the formula always returns R6B.

The equations generate R4P, A5P, R5B and R6B angles. These angles are not directly related to each other; they do not form a kernel.

If W = 90 degrees : The deck angles DD and D are complementary. Corresponding plumb planes through the Main eave and Adjacent ridge are parallel, and the angles in question may transferred between the Valley rafter peak and the base.

For any other W : The R6B value generated is incorrect for this joint; R6P is required, and cannot simply be transferred from the Adjacent side. In addition, entering even a “corrected” R5P value in the formula for R6 returns values that do not correspond to any known angle; the angle of revolution needed is 90 – DD.* 


tan R6P = tan A5P sin R4P yields consistent results under all conditions. In essence, the dihedral angle of the square cut, A5P, is revolved or projected through miter angle R4P to the side face of the Valley rafter, assuming value R6P.

For any value of W, provided DD and D do not exceed 90 degrees, the following equations, in terms of the tangents of the angles, return consistent, kernel-related results:

tan R4B = cos R1 tan DD

tan R4P = cos R1 / tan DD


tan R5B = tan R1 cos DD

tan R5P = tan R1 sin DD

tan A5B = tan R1 sin R4B

tan A5P = tan R1 sin R4P


  = sin R5B tan DD


  =  sin R5P / tan DD
tan R6P = tan A5P sin R4P

tan R6B = tan A5B sin R4B **
Notes: * Solving the R6 angles by projecting R5 over R1 on the Hip plane:

R6P = R1 – arctan (tan R5P sin DD)
R6B = R1 – arctan (tan R5B cos DD)

** No practical application has been found for R6B.

CALCULATION of R6 ANGLES:

Projection of R5 Angles to the Hip/Valley Plane
































PROJECTIONS of SQUARE CUT ANGLES:


 Examine the scalene triangle created by projecting R5P through deck angle 90 – DD to the Hip/Valley plane, the triangle of R6P. The triangle contains all the anglular values of the square cut in section projected to the side face of the timber.


The formula for R6P may be used as a template to create equations for projections of the square cuts required at other joints.

P3 = P1 – arctan (tan R2 sin C1)

P4 = P2 – arctan (tan R2 sin C5)

          P5 = (90 – P2) – arctan (tan R1 sin C5)

 P6 = SS – arctan (tan R1 sin DD)

                     R4B = (90 – R4P) – arctan (tan R5P sin A5P)

       R6P = R1 – arctan (tan R5P sin DD)

   R7 = R2 – arctan (sin C1 / tan Q2)


The following formulas are equivalent to the arctan part of the equations above:

    90 – Q2 = arctan (tan R2 sin C1)
    A8 = arctan (tan R2 sin C5)
    A9 = arctan (tan R1 sin C5)
    R5P = arctan (tan R1 sin DD)
    90 – (R4B + R4P) = arctan (tan R5P sin A5P)
      R1 – R6P = arctan (tan R5P sin DD)
    R2 – R7 = arctan (sin C1 / tan Q2)

Substitution results in the following simple addition formulas:

    P3 = P1 – (90 – Q2)

    P4 = P2 – A8



    P5 = (90 – P2) – A9
    P6 = SS – R5P
             R4B = (90 – R4P) – [90 – (R4B + R4P)]

    R6P = R1 – (R1 – R6P)

    R7 = R2 – (R2 – R7)
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Reference Model:


Hip orientation,


Main Side angles.


Angles related to the Hip peak, or Valley base, are located on the right sides of the models.
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Complementary Model:


This model matches the Hip model along the plane of the R4 angles. Note that this is not the equivalent of rotating the Hip model to a Valley orientation.
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Hip/Valley plane showing R5P projected through 90 – DD, and superimposed on angle R1.





Angle R5B revolved through DD to the Hip/Valley plane of angle R1.





Hip base, or Valley peak angles, are on the left sides of the models.
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Deck angles DD and D are on a level plane that lies on the ridges of a Valley roof system. Measurement is from the ridges to the Valley run.





The deck angles on the level plane between the eaves of a Hip roof are measured from the eaves to the Hip run.
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