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SLOPE OF M DIAGRAM EQUALS THE 
POSITIVE OF THE ORDINATE OF THE 
SHEAR DIAGRAM

CHANGE IN M EQUALS THE POSITIVE OF THE 
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IF THERE ARE CONCENTERATED FORCES/MOMENTS ACTING AT A POINT,

𝑉 + ∆𝑉 = 𝑉 + 𝐹𝐶 ↑
𝑀 + ∆𝑀 = 𝑀 +𝑀𝐶( )
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For a composite X-section

𝑦 =
60 ×

1
2 + 6 × 4

60 + 6
= 0.818, 𝐼 =

60 × 13

12
+ 60 × (0.818 − 0.5)2+

1 × 63

12
+ 6 × (4 − 0.818)2= 89.82 𝑖𝑛4

𝑛1
60𝑃 × (6 − 0.818)

89.82
= 4 𝑃 = 1.15 𝑘𝑖𝑝, 𝑛2

60𝑃 × (0.818)

89.82
= 25 𝑃 = 4.57 𝑘𝑖𝑝

𝑃 = 1.15 𝑘𝑖𝑝 (𝑡𝑖𝑚𝑏𝑒𝑟 𝑔𝑜𝑣𝑒𝑟𝑛𝑠)
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25o

STRESS TRANSFORMATION

𝜎 =
𝜎𝑥 + 𝜎𝑦

2
+
𝜎𝑥 − 𝜎𝑦

2
cos 2𝜃 + 𝜏𝑥𝑦 sin 2𝜃 , 𝜏 = −

𝜎𝑥 − 𝜎𝑦

2
sin 2𝜃 +𝜏𝑥𝑦 cos(2𝜃)

𝜎𝑥′ =
−60 + 90

2
+
−60 − 90

2
cos 2 × −25 + 30 sin −50 = −56.2 (𝑀𝑃𝑎)

𝜏𝑥′𝑦′ = −
−60 − 90

2
sin −50 +𝜏𝑥𝑦 cos −50 = −38.2 (𝑀𝑃𝑎)

𝜎𝑥 = −60 (𝑀𝑃𝑎), 𝜎𝑦 = 90 𝑀𝑃𝑎 , 𝜏𝑥𝑦 = 30 (𝑀𝑃𝑎)

𝜎𝑦′ =
−60 + 90

2
+
−60 − 90

2
cos 2 × 65 + 30 sin 130 = 86.2 (𝑀𝑃𝑎)
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95.2 MPa

125.2 MPa

=
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PRINCIPAL (NORMAL) VALUES/PLANES

𝜎 =
𝜎𝑥 + 𝜎𝑦

2
+
𝜎𝑥 − 𝜎𝑦

2
cos 2𝜃 + 𝜏𝑥𝑦 sin 2𝜃 , 𝜏 = −

𝜎𝑥 − 𝜎𝑦

2
sin 2𝜃 +𝜏𝑥𝑦 cos(2𝜃)

tan(2𝜃𝑃) =
30

−60 − 90
2

 2𝜃𝑃 = −21.8 𝑜𝑟 180 + −21.8  𝜃𝑝 = −10.9 𝑜𝑟 79.1

𝜏𝜃=−10.9,79.1 = −
−60 − 90

2
sin 2𝜃 +𝜏𝑥𝑦 cos 2𝜃 = 0

𝜎𝑥 = −60 (𝑀𝑃𝑎), 𝜎𝑦 = 90 𝑀𝑃𝑎 , 𝜏𝑥𝑦 = 30 (𝑀𝑃𝑎)

𝜎1 = 𝜎𝜃=−10.9 =
−60 + 90

2
+
−60 − 90

2
cos 2 × −10.9 + 30 sin −21.8 = −95.2(𝑀𝑃𝑎)

𝜎2 = 𝜎𝜃=79.1 =
−60 + 90

2
+
−60 − 90

2
cos 2 × 79.1 + 30 sin 158.2 = 125.2(𝑀𝑃𝑎)
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15 MPa
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110.2 MPa

=

34.1o

PRINCIPAL SHEAR VALUES/PLANES

𝜎 =
𝜎𝑥 + 𝜎𝑦

2
+
𝜎𝑥 − 𝜎𝑦

2
cos 2𝜃 + 𝜏𝑥𝑦 sin 2𝜃 , 𝜏 = −

𝜎𝑥 − 𝜎𝑦

2
sin 2𝜃 +𝜏𝑥𝑦 cos(2𝜃)

tan(2𝜃𝑠) =
−
−60 − 90

2
30

 2𝜃𝑠 = 68.2 𝑜𝑟 180 + 68.2  𝜃𝑝 = 34.1 𝑜𝑟 124.1

𝜏1/2 = 𝜏𝜃=34.1/124.1 = −
−60 − 90

2
sin 2𝜃 +𝜏𝑥𝑦 cos 2𝜃 = ±110.2 (𝑀𝑃𝑎)

𝜎𝑥 = −60 (𝑀𝑃𝑎), 𝜎𝑦 = 90 𝑀𝑃𝑎 , 𝜏𝑥𝑦 = 30 (𝑀𝑃𝑎)

𝜎𝜃=34.1 =
−60 + 90

2
+
−60 − 90

2
cos 2 × 34.1 + 30 sin 68.2 = 15 (𝑀𝑃𝑎)

𝜎𝜃=124.1 =
−60 + 90

2
+
−60 − 90

2
cos 2 × 124.1 + 30 sin 248.2 = 15 (𝑀𝑃𝑎)



The End
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