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2.5. : Bending and Torsion Bar Element (crossed beam element) 

and crossed beam structures

2.5.1 : Definition, Notations and sign conventions

Case of bending in the x-z plane: Common case of crossed beams

Element Stiffness Matrix

Element Basic equations 

The displacement field of this element is the rotation around the local axis 𝒙:  (𝜽𝒙)
The deformation field is reduced to the angular deformation 𝜸𝒚𝒛 = 𝜸𝒚𝒛 𝒙,𝝆 = 𝝆  𝒅𝜽𝒙𝒅𝒙
The stress field is reduced to the tangential stress   𝝉𝒚𝒛 = 𝝉𝒚𝒛 𝒙,𝝆 = 𝑮𝜸 𝒙,𝝆 = 𝒅𝜽𝒙𝒅𝒙

𝑴𝒙 = න 𝝆𝝉𝒚𝒛 𝒙,𝝆𝑨 𝒅𝑨 = න 𝝆𝑮𝝆𝒅𝜽𝒙𝒅𝒙𝑨 𝒅𝑨 = 𝑮𝒅𝜽𝒙𝒅𝒙 න 𝝆𝟐𝑨 𝒅𝑨 = 𝑮𝑱𝒅𝜽𝒙𝒅𝒙

By approaching 𝜽𝒙 by polynomials or by Lagrange interpolation we find:𝜽𝒙 = 𝟏 − 𝒙𝑳 𝒙𝑳 𝜽𝒙𝟏𝜽𝒙𝟐
𝒅𝜽𝒙𝒅𝒙 = −𝟏𝑳 𝟏𝑳 𝜽𝒙𝟏𝜽𝒙𝟐𝑴𝒙𝟏 = −𝑮𝑱 −𝟏𝑳 𝟏𝑳 𝜽𝒙𝟏𝜽𝒙𝟐𝑴𝒙𝟐 = 𝑮𝑱 −𝟏𝑳 𝟏𝑳 𝜽𝒙𝟏𝜽𝒙𝟐𝑴𝒙𝟏𝑴𝒙𝟐 = 𝑮𝑱𝑳 𝟏 −𝟏−𝟏 𝟏 𝜽𝒙𝟏𝜽𝒙𝟐 = 𝑬𝑱𝟐𝑳 𝟏 + 𝝊 𝟏 −𝟏−𝟏 𝟏 𝜽𝒙𝟏𝜽𝒙𝟐
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So, for the torsion bar element:𝒌 = 𝑬𝑱𝟐𝑳 𝟏ା𝝊 𝟏 −𝟏−𝟏 𝟏 = 𝑮𝑱𝑳 𝟏 −𝟏−𝟏 𝟏
The bending and torsion bar element is a superposition of the torsion bar element and the 
bending element.

𝑀௫ଵ𝑀௫ଶ = 𝑬𝑱𝟐𝑳 𝟏 + 𝝊 𝟏 −𝟏−𝟏 𝟏 𝜃௫ଵ𝜃௫ଶ               +                 𝑇௭ଵ  𝑀௬ଵ   𝑇௭ଶ  𝑀௬ଶ= 𝑬𝑰𝒚𝑳𝟑 𝟏𝟐 −𝟔𝑳−𝟔𝑳 𝟒𝑳𝟐 −𝟏𝟐 −𝟔𝑳𝟔𝑳 𝟐𝑳𝟐−𝟏𝟐 𝟔𝑳−𝟔𝑳 𝟐𝑳𝟐 𝟏𝟐 𝟔𝑳𝟔𝑳 𝟒𝑳𝟐
𝑤ଵ𝜃௬ଵ𝑤ଶ𝜃௬ଶ𝒇 = 𝑇௭ଵ 𝑀௫ଵ 𝑀௬ଵ 𝑇௭ଶ 𝑀௫ଶ 𝑀௬ଶ 𝑻  ;  𝒅 = 𝑤ଵ 𝜃௫ଵ 𝜃௬ଵ 𝑤ଶ 𝜃௫ଶ 𝜃௬ଶ 𝑻

  𝑻𝒛𝟏𝑴𝒙𝟏  𝑴𝒚𝟏   𝑻𝒛𝟐𝑴𝒙𝟐  𝑴𝒚𝟐
= 𝑬𝑳

𝟏𝟐𝑰𝒚𝑳𝟐 𝟎 −𝟔𝑰𝒚𝑳𝟎 𝑱𝟐 𝟏 + 𝝊 𝟎−𝟔𝑰𝒚𝑳 𝟎 𝟒𝑰𝒚
−𝟏𝟐𝑰𝒚𝑳𝟐 𝟎 −𝟔𝑰𝒚𝑳𝟎 −𝑱𝟐 𝟏 + 𝝊 𝟎𝟔𝑰𝒚𝑳 𝟎 𝟐𝑰𝒚−𝟏𝟐𝑰𝑳𝟐 𝟎 𝟔𝑰𝑳𝟎 −𝑱𝟐 𝟏 + 𝝊 𝟎−𝟔𝑰𝑳 𝟎 𝟐𝑰𝒚
𝟏𝟐𝑰𝒚𝑳𝟐 𝟎 𝟔𝑰𝒚𝑳𝟎 𝑱𝟐 𝟏 + 𝝊 𝟎𝟔𝑰𝒚𝑳 𝟎 𝟒𝑰𝒚

𝒘𝟏𝜽𝒙𝟏𝜽𝒚𝟏𝒘𝟐𝜽𝒙𝟐𝜽𝒚𝟐

𝒇 = 𝒌 𝒅    →

𝒌 = 𝑬𝑳

12𝑰𝒚𝑳ଶ 0 −6𝑰𝒚𝑳0 𝑱2 1 + 𝝊 0−6𝑰𝒚𝑳 0 4𝑰𝒚
−12𝑰𝒚𝑳ଶ 0 −6𝑰𝒚𝑳0 −𝑱2 1 + 𝝊 06𝑰𝒚𝑳 0 2𝑰𝒚−12𝑰𝑳ଶ 0 6𝑰𝑳0 −𝑱2 1 + 𝝊 0−6𝑰𝑳 0 2𝑰𝒚

12𝑰𝒚𝑳ଶ 0 6𝑰𝒚𝑳0 𝑱2 1 + 𝝊 06𝑰𝒚𝑳 0 4𝑰𝒚

So, for the bending and torsion bar element and considering that the bar is in the x-y plane 

(bending in the x-z plane):
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The transformation matrix for this element is obtained as follows:

x

y

dଵ ,ୈଵ
In the z direction

Dଶ

D଺

Dହ

Dଷ

dସ, Dସ
In the z direction

α
β

dଷ cos α cos β =m

𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑛   𝑧ᇱ:    𝑑ଵ = 𝐷ଵ  𝑐𝑎𝑟  𝑧ᇱ ∥ 𝑧𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑛  𝑥ᇱ 𝑎𝑡 𝑛𝑜𝑑𝑒 1:     𝑑ଶ = 𝐷ଶ cos 𝛼 +𝐷ଷ cos 𝛽 = 𝑙𝐷ଵ + m𝐷ଷ𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑛  𝑥ᇱ  𝑎𝑡 𝑛𝑜𝑑𝑒 1:    𝑑ଷ= −𝐷ଶ cos 𝛽 +𝐷ଷ cos 𝛼 = −𝑚𝐷ଵ +l𝐷ଷ
Likewise at node 2 for 𝑑ସ ;   𝑑ହ 𝑒𝑡 𝑑଺

𝑇 =
1 0 00 𝑙 𝑚0 −𝑚 𝑙 0   0  00  0 00  0 00    0 00    0 00    0 0 1 0 00 𝑙 𝑚0 −𝑚 𝑙 𝑲 = 𝑬𝑳

𝟏𝟐𝑰𝑳𝟐 𝟔𝒎𝑰𝑳 −𝟔𝒍𝑰𝑳𝟔𝒎𝑰𝑳 𝒍𝟐𝑱𝟐 𝟏 + 𝝊 + 𝟒𝒎𝟐𝑰 𝒍𝒎 𝑱𝟐 𝟏 + 𝝊 − 𝟒𝑰−𝟔𝒍𝑰𝑳 𝒍𝒎 𝑱𝟐 𝟏 + 𝝊 − 𝟒𝑰 𝒎𝟐𝑱𝟐 𝟏 + 𝝊 + 𝟒𝒍𝟐𝑰
−𝟏𝟐𝑰𝑳𝟐 𝟔𝒎𝑰𝑳 −𝟔𝒍𝑰𝑳−𝟔𝒎𝑰𝑳 −𝒍𝟐𝑱𝟐 𝟏 + 𝝊 + 𝟐𝒎𝟐𝑰 −𝒍𝒎 𝑱𝟐 𝟏 + 𝝊 + 𝟐𝑰𝟔𝒍𝑰𝑳 −𝒍𝒎 𝑱𝟐 𝟏 + 𝝊 + 𝟐𝑰 −𝒎𝟐𝑱𝟐 𝟏 + 𝝊 + 𝟐𝒍𝟐𝑰−𝟏𝟐𝑰𝑳𝟐 −𝟔𝒎𝑰𝑳 𝟔𝒍𝑰𝑳𝟔𝒎𝑰𝑳 −𝒍𝟐𝑱𝟐 𝟏 + 𝝊 + 𝟐𝒎𝟐𝑰 −𝒍𝒎 𝑱𝟐 𝟏 + 𝝊 + 𝟐𝑰−𝟔𝒍𝑰𝑳 −𝒍𝒎 𝑱𝟐 𝟏 + 𝝊 + 𝟐𝑰 −𝒎𝟐𝑱𝟐 𝟏 + 𝝊 + 𝟐𝒍𝟐𝑰 −

𝟏𝟐𝑰𝑳𝟐 −𝟔𝒎𝑰𝑳 𝟔𝒍𝑰𝑳𝟔𝒎𝑰𝑳 𝒍𝟐𝑱𝟐 𝟏 + 𝝊 + 𝟒𝒎𝟐𝑰 𝒍𝒎 𝑱𝟐 𝟏 + 𝝊 − 𝟒𝑰𝟔𝒍𝑰𝑳 𝒍𝒎 𝑱𝟐 𝟏 + 𝝊 − 𝟒𝑰 𝒎𝟐𝑱𝟐 𝟏 + 𝝊 + 𝟒𝒍𝟐𝑰

The stiffness matrix of this element in global coordinate is:
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4
𝐸 = 32 ൈ 10଺𝑘𝑁/𝑚 𝑥ᇱ

𝑧ᇱ
Example:

𝑧 𝑥

𝑦

4 𝑚

3 𝑚

11

3

2𝐷ଵ,𝐷ଶ ,𝐷ଷ 𝐷ସ,𝐷ହ ,𝐷଺ 

𝐷଻,𝐷଼ ,𝐷ଽ 

Continuity of displacements:

𝐷 = Dଵ Dଶ Dଷ Dସ Dହ D଺ D଻ D଼ Dଽ ்𝐷 = wଵ θ୶ଵ θ୷ଵ wଶ θ୶ଶ θ୷ଶ wଷ θ୶ଷ θ୷ଷ ்𝐷 ଵ = 𝐷ଵ 𝐷ଶ 𝐷ଷ 𝐷ସ 𝐷ହ 𝐷଺ ்𝐷 ଶ = 𝐷ଵ 𝐷ଶ 𝐷ଷ 𝐷଻ 𝐷଼ 𝐷ଽ ்
Boundary conditions: 𝐷ଵ = 𝐷ଶ = 𝐷ଷ =𝐷଻ = 𝐷଼ = 𝐷ଽ = 0

Equivalent nodal loads:
Element 1: nodal loads equivalent to the transverse load (bending load)

𝑓௘௤ ௙ଵ = න
1 − 3𝑥ଶ𝐿ଶ + 2𝑥ଷ𝐿ଷ−𝑥 + 2𝑥ଶ𝐿 − 𝑥ଷ𝐿ଶ3𝑥ଶ𝐿ଶ − 2𝑥ଷ𝐿ଷ𝑥ଶ𝐿 − 𝑥ଷ𝐿ଶ

ସ
଴ × −8 .𝑑𝑥 = −8 ×

𝑥 − 𝑥ଷ𝐿ଶ + 𝑥ସ2𝐿ଷ−𝑥ଶ2 + 2𝑥ଷ3𝐿 − 𝑥ସ4𝐿ଶ3𝑥ଷ2𝐿ଶ − 𝑥ସ2𝐿ଷ− 𝑥ଷ3𝐿 − 𝑥ସ4𝐿ଶ ଴

ସ
= −1610.67−16−10.67
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𝑓௘௤ ଵ் = 00
𝑓௘௤ ଵ =

−16010.67−160−10.67
𝐹௘௤ ଵ = 𝑇 ଵ் 𝑓௘௤ ଵ =

−16010.67−160−10.67

Element 2: nodal loads equivalent to the transverse load (bending load)

𝑓௘௤ ௙ଶ = න
1 − 3𝑥ଶ𝐿ଶ + 2𝑥ଷ𝐿ଷ−𝑥 + 2𝑥ଶ𝐿 − 𝑥ଷ𝐿ଶ3𝑥ଶ𝐿ଶ − 2𝑥ଷ𝐿ଷ𝑥ଶ𝐿 − 𝑥ଷ𝐿ଶ

ହ
଴ × −12 .𝑑𝑥 = −12 ×

𝑥 − 𝑥ଷ𝐿ଶ + 𝑥ସ2𝐿ଷ−𝑥ଶ2 + 2𝑥ଷ3𝐿 − 𝑥ସ4𝐿ଶ3𝑥ଷ2𝐿ଶ − 𝑥ସ2𝐿ଷ− 𝑥ଷ3𝐿 − 𝑥ସ4𝐿ଶ ଴

ହ
= −3025−30−25

𝑓௘௤ ଶ் = 00
𝑓௘௤ ଶ =

−30025−300−25
𝐹௘௤ ଶ = 𝑇 ଶ் 𝑓௘௤ ଶ =

−30−1520−3015−20

Element 1 :𝑬 = 𝟑𝟐 × 𝟏𝟎𝟔𝒌𝑵/𝒎;  𝝊 = 𝟎.𝟐; 𝑰 = 𝟎.𝟎𝟎𝟏𝟔 𝒎𝟒; 𝑱 = 𝟏.𝟗𝟒𝟒 𝒎𝟒;  𝑳 = 𝟒𝒎, 𝒍 = 𝟏 ;  𝒎 = 𝟎
𝑻 𝟏 =

𝟏 𝟎 𝟎𝟎 𝟏 𝟎𝟎 𝟎 𝟏 𝟎 𝟎 𝟎𝟎 𝟎 𝟎𝟎 𝟎 𝟎𝟎 𝟎 𝟎𝟎 𝟎 𝟎𝟎 𝟎 𝟎 𝟏 𝟎 𝟎𝟎 𝟏 𝟎𝟎 𝟎 𝟏
𝒌 𝟏 = 𝑲 𝟏 =

𝟗𝟔𝟎𝟎 𝟎 −𝟏𝟗𝟐𝟎𝟎 𝟎 𝟔𝟒𝟖𝟎  𝟎−𝟏𝟗𝟐𝟎𝟎 𝟎 𝟓𝟏𝟐𝟎𝟎 −𝟗𝟔𝟎𝟎 𝟎 −𝟏𝟗𝟐𝟎𝟎 𝟎 −𝟔𝟒𝟖𝟎  𝟎𝟏𝟗𝟐𝟎𝟎 𝟎 𝟐𝟓𝟔𝟎𝟎−𝟗𝟔𝟎𝟎 𝟎 𝟏𝟗𝟐𝟎𝟎 𝟎 −𝟔𝟒𝟖𝟎  𝟎−𝟏𝟗𝟐𝟎𝟎 𝟎 𝟐𝟓𝟔𝟎𝟎 𝟗𝟔𝟎𝟎 𝟎 𝟏𝟗𝟐𝟎𝟎 𝟎 𝟔𝟒𝟖𝟎  𝟎𝟏𝟗𝟐𝟎𝟎 𝟎 𝟓𝟏𝟐𝟎𝟎
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Element 2 :𝑬 = 𝟑𝟐 × 𝟏𝟎𝟔𝒌𝑵/𝒎;  𝝊 = 𝟎.𝟐; 𝑰 = 𝟎.𝟎𝟎𝟏𝟔 𝒎𝟒; 𝑱 = 𝟐.𝟖𝟏𝟕 𝒎𝟒;  𝑳 = 𝟓𝒎, 𝒍 = 𝟎.𝟖 ;  𝒎 = 𝟎. 𝟔
𝑻 𝟐 =

𝟏 𝟎 𝟎𝟎 𝟎. 𝟖 𝟎. 𝟔𝟎 −𝟎.𝟔 𝟎. 𝟖 𝟎       𝟎    𝟎𝟎      𝟎    𝟎𝟎      𝟎   𝟎𝟎       𝟎    𝟎𝟎      𝟎    𝟎𝟎      𝟎   𝟎 𝟏    𝟎 𝟎𝟎    𝟎.𝟖 𝟎.𝟔𝟎    −𝟎.𝟔 𝟎.𝟖
𝒌 𝟐 =

𝟗𝟔𝟎𝟎 𝟎 −𝟐𝟒𝟎𝟎𝟎𝟎 𝟕𝟓𝟏𝟑 𝟎−𝟐𝟒𝟎𝟎𝟎 𝟎  𝟖𝟎𝟎𝟎𝟎 −𝟗𝟔𝟎𝟎 𝟎 −𝟐𝟒𝟎𝟎𝟎𝟎 −𝟕𝟓𝟏𝟑 𝟎𝟐𝟒𝟎𝟎𝟎 𝟎  𝟒𝟎𝟎𝟎𝟎−𝟗𝟔𝟎𝟎 𝟎 𝟐𝟒𝟎𝟎𝟎𝟎 −𝟕𝟓𝟏𝟑 𝟎−𝟐𝟒𝟎𝟎𝟎 𝟎  𝟒𝟎𝟎𝟎𝟎 𝟗𝟔𝟎𝟎 𝟎 𝟐𝟒𝟎𝟎𝟎𝟎 𝟕𝟓𝟏𝟑 𝟎𝟐𝟒𝟎𝟎𝟎 𝟎  𝟖𝟎𝟎𝟎𝟎

𝑲 ଶ =
9600 14400 −1920014400 33608 −34794−19200 −34794  53905 −9600 14400 −19200−14400 9592 −2280619200 −22806 22895−9600 −14400 1920014400 9592 −22806−19200 −22806 22895 9600 −14400 19200−14400 33608 −3479419200 −34794  53905

To simplify the calculations and lighten the writing of the assembly, let's introduce the 

boundary conditions into the elementary systems:

𝐷 ∗ଵ = 𝐷ଵ𝐷ଶ𝐷ଷ      𝐷 ∗ଶ = 𝐷ଵ𝐷ଶ𝐷ଷ      𝐷 ∗ = 𝐷ଵ𝐷ଶ𝐷ଷ
𝐹௘௤ ∗ଵ = −16010.67      𝐹௘௤ ∗ଶ = −30−1520      𝐹௘௤ ∗ = −46−1530.67

−𝟏𝟗𝟐𝟎𝟎−𝟏𝟗𝟐𝟎𝟎𝟎𝟏𝟒𝟒𝟎𝟎𝟗𝟔𝟎𝟎𝟗𝟔𝟎𝟎
𝟎−𝟑𝟒𝟕𝟗𝟒𝟔𝟒𝟖𝟎𝟑𝟑𝟔𝟎𝟖𝟎𝟏𝟒𝟒𝟎𝟎𝑲 ∗ =

𝟓𝟏𝟐𝟎𝟎𝟓𝟑𝟗𝟎𝟓𝟎−𝟑𝟒𝟕𝟗𝟒−𝟏𝟗𝟐𝟎𝟎−𝟏𝟗𝟐𝟎𝟎
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−𝟒𝟔−𝟏𝟓𝟑𝟎. 𝟔𝟕 = 𝟏𝟗𝟐𝟎𝟎 𝟏𝟒𝟒𝟎𝟎 −𝟑𝟖𝟒𝟎𝟎𝟏𝟒𝟒𝟎𝟎 𝟒𝟎𝟎𝟖𝟖 −𝟑𝟒𝟕𝟗𝟒−𝟑𝟖𝟒𝟎𝟎 −𝟑𝟒𝟕𝟗𝟒 𝟏𝟎𝟓𝟏𝟎𝟓 𝑫𝟏𝑫𝟐𝑫𝟑
𝑫𝟏𝑫𝟐𝑫𝟑 = 𝒘𝟏𝜽𝒙𝟏𝑫𝒚𝟏 = −𝟎.𝟎𝟎𝟔𝟖𝟎𝟓𝟎. 𝟎𝟎𝟎𝟐𝟑𝟐𝟒−𝟎.𝟎𝟎𝟐𝟏𝟏𝟕

Forces in the Elements:

𝒅 𝟏 = 𝑻 𝟏 𝑫 𝟏 = 𝑫 𝟏 =
−𝟎.𝟎𝟎𝟔𝟖𝟎𝟓𝟎.𝟎𝟎𝟎𝟐𝟑𝟐𝟒−𝟎.𝟎𝟎𝟐𝟏𝟏𝟕𝟎𝟎𝟎𝒇𝒏 𝟏 = 𝒌 𝟏 𝒅 𝟏 − 𝒇𝒆𝒒 𝟏

𝑻𝒛𝟏𝑴𝒙𝟏𝑴𝒚𝟏𝑻𝒛𝟐𝑴𝒙𝟐𝑴𝒚𝟐

𝟏
= 𝟗𝟔𝟎𝟎 𝟎 −𝟏𝟗𝟐𝟎𝟎 𝟎 𝟔𝟒𝟖𝟎  𝟎−𝟏𝟗𝟐𝟎𝟎 𝟎 𝟓𝟏𝟐𝟎𝟎 −𝟗𝟔𝟎𝟎 𝟎 −𝟏𝟗𝟐𝟎𝟎 𝟎 −𝟔𝟒𝟖𝟎  𝟎𝟏𝟗𝟐𝟎𝟎 𝟎 𝟐𝟓𝟔𝟎𝟎−𝟗𝟔𝟎𝟎 𝟎 𝟏𝟗𝟐𝟎𝟎 𝟎 −𝟔𝟒𝟖𝟎  𝟎−𝟏𝟗𝟐𝟎𝟎 𝟎 𝟐𝟓𝟔𝟎𝟎 𝟗𝟔𝟎𝟎 𝟎 𝟏𝟗𝟐𝟎𝟎 𝟎 𝟔𝟒𝟖𝟎  𝟎𝟏𝟗𝟐𝟎𝟎 𝟎 𝟓𝟏𝟐𝟎𝟎

−𝟎.𝟎𝟎𝟔𝟖𝟎𝟓𝟎.𝟎𝟎𝟎𝟐𝟑𝟐𝟒−𝟎.𝟎𝟎𝟐𝟏𝟏𝟕𝟎𝟎𝟎
−

−𝟏𝟔𝟎𝟏𝟎.𝟔𝟕−𝟏𝟔𝟎𝟏𝟎.𝟔𝟕

𝒇𝒏 𝟐 = 𝒌 𝟐 𝒅 𝟐 − 𝒇𝒆𝒒 𝟐

𝑫 𝟐 =
−𝟎.𝟎𝟎𝟔𝟖𝟎𝟓𝟎.𝟎𝟎𝟎𝟐𝟑𝟐𝟒−𝟎.𝟎𝟎𝟐𝟏𝟏𝟕𝟎𝟎𝟎

;  𝒅 𝟐 = 𝑻 𝟐 𝑫 𝟐 =
−𝟎.𝟎𝟎𝟔𝟖𝟎𝟓𝟎. 𝟎𝟎𝟏𝟎𝟖𝟓−𝟎.𝟎𝟎𝟏𝟖𝟑𝟒𝟎𝟎𝟎𝑻𝒛𝟏𝑴𝒙𝟏𝑴𝒚𝟏𝑻𝒛𝟐𝑴𝒙𝟐𝑴𝒚𝟐

𝟐
=

𝟗𝟔𝟎𝟎 𝟎 −𝟐𝟒𝟎𝟎𝟎𝟎 𝟕𝟓𝟏𝟑 𝟎−𝟐𝟒𝟎𝟎𝟎 𝟎  𝟖𝟎𝟎𝟎𝟎 −𝟗𝟔𝟎𝟎 𝟎 −𝟐𝟒𝟎𝟎𝟎𝟎 −𝟕𝟓𝟏𝟑 𝟎𝟐𝟒𝟎𝟎𝟎 𝟎  𝟒𝟎𝟎𝟎𝟎−𝟗𝟔𝟎𝟎 𝟎 𝟐𝟒𝟎𝟎𝟎𝟎 −𝟕𝟓𝟏𝟑 𝟎−𝟐𝟒𝟎𝟎𝟎 𝟎  𝟒𝟎𝟎𝟎𝟎 𝟗𝟔𝟎𝟎 𝟎 𝟐𝟒𝟎𝟎𝟎𝟎 𝟕𝟓𝟏𝟑 𝟎𝟐𝟒𝟎𝟎𝟎 𝟎  𝟖𝟎𝟎𝟎𝟎
−𝟎.𝟎𝟎𝟔𝟖𝟎𝟓𝟎.𝟎𝟎𝟏𝟎𝟖𝟓−𝟎.𝟎𝟎𝟏𝟖𝟑𝟒𝟎𝟎𝟎

− −𝟑𝟎𝟎𝟐𝟓−𝟏𝟔𝟎−𝟐𝟓

𝑻𝒛ଵ𝑴𝒙ଵ𝑴𝒚ଵ𝑻𝒛ଶ𝑴𝒙ଶ𝑴𝒚ଶ

ଶ
=

−8.67−8.15−8.3651.338.15114.99
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