Derivation of the normal moment yield condition for orthorgonal reinforcement

Bending load in arbitrary direction n (Angle ¢ measured from x-Direction)
2 . 2 .
Mp () = my-cos(d) + my-sm(q)) + mxy~3|n(2~cl>)
Bending resistance in arbitrary direction n
_ 2 2
Mpy(P) = My, cos(d) ™ + myu-sm(q))
Condition (must be valid for all ¢), insert upper equations

Mpy(P) = mp(d) (mxu — mx)-cos(cb)2 + (myu — my)-sin(c]>)2 — Myy-sin(2:¢) > 0

Controlling direction (Minimum) Variant 1

3_¢mnu - j—q}mn =0 3_(1)[(mxu - mx)~cos(c]>)2 + (myu - my)~sin((1>)2 - mxy-sin(2'¢)} =0

—2-cos(¢)~sin(¢)-(mxu - mx) ~ 2:my,-C0S(2: ) + 2~cos((1>)~sin((1>)-(myu - my) =0
Solve for (m.xu-m.x) resp. (m.yu-m.y)

2-cos(¢)-sin(¢)-[(myu - my) - (mXu - mx)] = 2:my, c0s(2-)
(Myy = my) = (Myy = My) = 2:my-cot(2-)
(Myy = my) = (Myy = My) + 2:Myy-cot(2-$)
(M = My) = (myyy = my) = 2:myy-cot(2:)
Insert into condition m.nu = m.n (m.yu-m.y substituted), simplified
(M - mx)»cos(d))z + (myy - my).sin(cp)2 ~ My sin(2:)

(mxu - mx)~cos(¢)2 + [(mxu - mx) + 2~mxy'cot(Z'q>)]~sin((1>)2 ~ My sin(2:¢)

2 2 cos(¢)’ - sin(¢)’
Myy — My = mxy~(sin(2-q>) — 2-cot(2-d)-sin(d) ) = tan(¢)'mxy- 2-cos(¢d)” — ey -sin( )

Mg — My = ta0(0)-myy | 2.c05(6)7 - [ cos(@)? - (1 - cos(@)?]

Myy — My — mxy~tan((1>) My, — My = mxy~tan(¢)
Insert into condition m.nu = m.n (m.x-m.x substituted), simplified
2 . 2 .
(mxu - mx)'cos(q)) + (myu - my)'sm(c])) ~ Myysin(2:-¢)
m m 2-m,,,-cot(2-d) ~cos(c]>)2 +(m m ~sin((1>)2 My, SiN(2- ®)
[(myy = my) = 2:myy-cot(2-0)] (myy = my) ~ Myy
Myy = My = mxy~cot((1>) Myy = My = mxy~cot(¢)

Multiplication of the two equations



My, — My )-(M my, ) =m tan(o) = = =
Controlling direction (Minimum) Variant 2
d—m = d—m d—m 2-my,;,-cos(d)-sin(d) — 2-my,,,-cos(P)-sin(P)
do nu do n do nu yu Xu
j_d)mn 2-me-cos(2~¢) — 2-:my.-cos()-sin(p) + 2~my~cos(¢)~sin(q>)

2-me-cos(2~¢) — 2-:my.-cos()-sin(p) + 2~my~cos(¢)~sin(q>) = 2-myu~cos(¢)~sin(q>) = 2:my,-cos(d)-sin(P)
2-mxy‘cos(2~q>)

2-cos(d)-sin(d) ~ M My = Myy = My

—(mXu - mX) + (myu - my) ~ 2:myy-cot(2:¢) = 0 (1)
(mxu - mX)-cos(cb)2 + (myu - my)-sin(¢)2 ~ Myysin(2:¢) >0 )

(mxu - mX)-cos(cb)2 + (myu - my)-sin(¢)2 ~ My (2-c08(9)-sin(¢)) > 0

(mxu - mx)-cot(q))2 + (myu - my) ~ My 2-cot() @)/ sin(e)

(mxu - mx)-(l + cot(q))z) ~ Myy2-C0H() = ~2:My-C0t(2:¢) (2)/ sin(e)* - (1)
2

(mxu - mx)-(l + cot(q))z) ~ My 2-cot(9) = —me-% = —Myy COL(P) + My -tan(d)
2

(mxu - mx)-(l + cot(q))z) ~ My 2-cot(9) = —me-% = —Myy COL(P) + My -tan(d)

(mxu - mx)-(l + cot(q))z) = me- (cot(d) + tan(d)) = me-tan(q>)-(1 + cot(d;)z)

(mxu - mx) + (myu - my)~tan(q>)2 ~ My 2:tan(9) @)/ cos(d)?
(myu - my)-(l + tan(¢)2) ~ Myy-2-tan(¢) = 2:myq-cot(2-¢) (2)/ cos(d)” +(1)
_cot(cb)z -1

(myu - my)-(l + tan(¢)2) - me-Z-tan(cb) = Myy = me-cot(q)) - me-tan(q))

cot(d)

(myu - my)-(l + tan(¢)2) = me-(cot(q)) + tan()) = me-cot(q>)-(1 + tan(d;)z)






