
F= 15 kN

q2=7.5 kN/m
 q1=5 kN/m

BA

1.00 m 2.00 m 1.00 m

q3=5 kN/m

 

 

 

 σ̅ = 160 𝑀𝑃𝑎

10شكل   



 τ̅ = 1100 𝑑𝑎𝑁/𝑐𝑚2𝑆𝑚𝑎𝑥/𝑥𝑥′ = 402 𝑐𝑚3

 

  

  

 AD,DF,FG,BC,CE,EG   

 AC,DC,CF,FE 

 𝝈̅ =  𝟏𝟔𝟎𝟎 𝒅𝒂𝑵/𝒄𝒎𝟐

{cos 𝛼 = 0.793 | sin 𝛼 = 0.610}{cos 𝛽 = 0.814 | sin 𝛽 = 0.581}
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D= 3.5 cm

d= ?



  

  

  

 𝑁𝑚𝑎𝑥 = 𝑁𝐵𝐶 = 5950 𝑑𝑎𝑁
 

  

 

 

m 35=AFL m 7.51=IAL5 m=BILm 8=CHL 

2=152.85 mBCHIS

Y(m)X(m) 

300600A

304605B
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4 (𝐻𝐶) (𝐸𝐷) CHG 

5 CDHS 

6 α2=208.68 mABCDHIS 
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1234567

m150151152153154153152

P1151mP7m152
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 Σ𝐹/𝑋 =  0 ⇒ 𝐻𝐴 = 0Σ𝐹/𝑌 =  0 ⇒ 𝑉𝐴 =  𝟒𝟎 𝑲𝑵Σ𝑀/𝐴 =  0 ⇒ 𝑀𝐴 = -110 KN 

 ⟶ 𝟎 ≤ 𝒙 ≤ 𝟏𝑇(𝑥) =  −5𝑥 + 40      ⇒ 𝑇(0) = 40 𝑘𝑁𝑇(1) = 35 𝑘𝑁
𝑀𝑓(𝑥) =  −2.5𝑥2 + 40𝑥 − 110      ⇒ 𝑀𝑓(0) = −110 𝑘𝑁𝑀𝑓(1) = −72.5 𝑘𝑁. 𝑚 ⟶ 𝟏 ≤ 𝒙 ≤ 𝟑𝑇(𝑥) =  −7.5𝑥 + 42.5      ⇒ 𝑇(1) = 35 𝑘𝑁𝑇(3) = 20 𝑘𝑁
𝑀𝑓(𝑥) = −3.75𝑥2 + 42.5𝑥 − 111.25      ⇒ 𝑀𝑓(1) = 27.5 𝑘𝑁. 𝑚𝑀𝑓(2) = 50 𝑘𝑁. 𝑚 𝟏 ≥ 𝒙 ≥ 𝟎 ⟵𝑇(𝑥) =  5𝑥 + 15      ⇒ 𝑇(0) = −15 𝑘𝑁𝑇(1) = 20 𝑘𝑁𝑀𝑓(𝑥) =  −2.5𝑥2 − 15𝑥      ⇒ 𝑀𝑓(0) = 0 𝑘𝑁. 𝑚𝑀𝑓(1) = −17.5 𝑘𝑁. 𝑚
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 q=7.5 kN/m
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3
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Tx

 q=5 kN/m
F=15 kN

x
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 maxTfmaxM𝑇𝑚𝑎𝑥 = 40 𝑘𝑁 , 𝑀𝑓𝑚𝑎𝑥 = 110 𝑘𝑁. 𝑚
 

𝝈𝒎𝒂𝒙 ≤ 𝝈 ̅ ⇒ 𝑴𝒇 𝒎𝒂𝒙𝑾𝒙𝒙′ ≤ 𝝈̅
𝑊𝑥𝑥′ = 110 × 105160 × 102 = 687.5 𝑐𝑚2𝑊𝑥𝑥′ = 713.1 𝑐𝑚3



 τ𝑚𝑎𝑥 ≤ 𝜏̅
τ𝑚𝑎𝑥 = 𝑇𝑚𝑎𝑥 × 𝑆𝑚𝑎𝑥/𝑥𝑥′𝐼/𝑥𝑥′ × 𝑏 = 40 × 100 × 40211770 × 0.75 ≅ 182.15 𝑑𝑎𝑁/𝑐𝑚2τ𝑚𝑎𝑥 ≤ 1100 𝑑𝑎𝑁/𝑐𝑚2 𝐼/𝑥𝑥′𝑏τ𝑚𝑎𝑥 ≤ 𝜏̅             ( ) 

 𝑏 = 11 𝑛 = 7 → 2𝑛 − 3 = 11} 𝑏 = 2𝑛 − 3 
 

𝚺𝐹/𝑥 = 0 ⇒ 𝐻𝐵 + 𝐻𝐴 = 0Σ𝐹/𝑦 = 0 ⇒ 𝑉𝐵 = 2250 𝑑𝑎𝑁Σ𝑀/𝐴 = 0 ⇒ 𝐻𝐵 = 5950 𝑑𝑎𝑁Σ𝑀/𝐵 = 0 ⇒ 𝐻𝐴 = −5950 𝑑𝑎𝑁𝐻𝐴 + 𝐻𝐵 = 0 … .
 
 

{𝚺𝑭/𝒚 = 𝟎 ⇒ 𝑽𝑩 + 𝑵𝑩𝑨 = 𝟎𝚺𝑭/𝒙 = 𝟎 ⇒ 𝑵𝑩𝑪 + 𝑯𝑩 = 𝟎  ⇒ {𝑵𝑩𝑨 = −𝟐𝟐𝟓𝟎 𝒅𝒂𝑵𝑵𝑩𝑪 = −𝟓𝟗𝟓𝟎 𝒅𝒂𝑵
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 

{𝚺𝑭/𝒚 = 𝟎 ⇒ −𝑷𝟏 − 𝑵𝑨𝑩 − 𝑵𝑨𝑪 × 𝐬𝐢𝐧 𝜶 = 𝟎𝚺𝑭/𝒙 = 𝟎 ⇒ 𝑯𝑨 + 𝑵𝑨𝑫 + 𝑵𝑨𝑪 𝐜𝐨𝐬 𝜶 = 𝟎    {𝑵𝑨𝑪 = 𝟑𝟐𝟖𝟎. 𝟐𝟒 𝒅𝒂𝑵𝑵𝑨𝑫 = 𝟑𝟑𝟓𝟎 𝒅𝒂𝑵
 

{ 𝚺𝑭/𝒚 = 𝟎 ⇒ −𝑷𝟐 − 𝑵𝑫𝑪 = 𝟎𝚺𝑭/𝒙 = 𝟎 ⇒ −𝑵𝑨𝑫 + 𝑵𝑫𝑭 = 𝟎    {𝑵𝑫𝑪 = −𝟓𝟎𝟎 𝒅𝒂𝑵𝑵𝑫𝑭 = 𝟑𝟑𝟓𝟎 𝒅𝒂𝑵
 

{ 𝚺𝑭/𝒚 = 𝟎 ⇒ 𝑵𝑪𝑫+𝑵𝑪𝑭 × 𝐬𝐢𝐧 𝜶 + 𝑵𝑪𝑨 × 𝐬𝐢𝐧 𝜶 = 𝟎𝚺𝑭/𝒙 = 𝟎 ⇒ 𝑵𝑪𝑬 − 𝑵𝑪𝑩−𝑵𝑪𝑨 × 𝐜𝐨𝐬 𝜶 + 𝑵𝑪𝑭 × 𝐜𝐨𝐬 𝜶 = 𝟎    {𝑵𝑪𝑭 = −𝟐𝟒𝟔𝟎. 𝟏𝟖 𝒅𝒂𝑵𝑵𝑪𝑬 = −𝟏𝟒𝟎𝟎 𝒅𝒂𝑵
{ 𝚺𝑭/𝒚 = 𝟎 ⇒ 𝑵𝑬𝑭 = 𝟎𝚺𝑭/𝒙 = 𝟎 ⇒ −𝑵𝑬𝑪 + 𝑵𝑬𝑮 = 𝟎    { 𝑵𝑬𝑭 = 𝟎𝑵𝑬𝑮 = −𝟏𝟒𝟎𝟎 𝒅𝒂𝑵
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𝚺𝑭/𝒚 = 𝟎 ⇒ −𝑷𝟑 + 𝑵𝑮𝑭 𝐬𝐢𝐧 𝜷 = 𝟎⇒ 𝑵𝑮𝑭 = 𝟏𝟕𝟐𝟎. 𝟒𝟕 𝒅𝒂𝑵
 𝑁𝐴𝐵𝑁𝐴𝐶𝑁𝐴𝐷 = 𝑁𝐷𝐹𝑁𝐵𝐶𝑁𝐸𝐺𝑁𝐶𝐸𝑁𝐶𝐷𝑁𝐶𝐹𝑁𝐸𝐹  𝑁𝐺𝐹  

 

σ𝑚𝑎𝑥 ≤ 𝜎̅ ⇒ 𝑁𝑚𝑎𝑥𝑆 ≤ 𝜎̅ ⇒ 𝑆 ≥ 𝑁𝑚𝑎𝑥𝜎̅ ⟹ 𝜋 × 𝐷24 − 𝜋 × 𝑑24 ≥ 𝑁𝑚𝑎𝑥𝜎̅
 ⇒ − 𝜋 × 𝑑24 ≥ 𝑁𝑚𝑎𝑥𝜎̅ − 𝜋 × 𝐷24⇒ −𝑑2 ≥ (𝑁𝑚𝑎𝑥𝜎̅ − 𝜋 × 𝐷24 ) × 4𝜋⇒ 𝑑2 ≤ −(𝑁𝑚𝑎𝑥𝜎̅ − 𝜋 × 𝐷24 ) × 4𝜋⇒ 𝑑 ≤ √− (𝑁𝑚𝑎𝑥𝜎̅ − 𝜋 × 𝐷24 ) × 4𝜋 ≅ 2.74 cm

 

 σ𝑚𝑎𝑥 ≤ 𝜎̅σ𝑚𝑎𝑥 = 𝑁𝑚𝑎𝑥𝑆𝑆 ≥ 𝑁𝑚𝑎𝑥𝜎̅𝑁𝑚𝑎𝑥 𝑁𝐴𝐶 = 3280.24 𝑑𝑎𝑁

G

β 

NGF

NGE

P3



𝑆 ≥ 3280.241600 ≅ 2.05 𝑐𝑚2

 𝑋𝐹 = 𝑋𝐴 = 600 𝑚 , 𝑌𝐹 = 𝑌𝐴 − 35 = 265 𝑚𝑋𝐸 = 𝑋𝐷 = 640 𝑚 , 𝑌𝐸 = 𝑌𝐹 = 265 𝑚
 𝑺𝑨𝑩𝑪𝑫𝑬𝑭 = 𝟏𝟐 ∑ 𝑿𝒏(𝒀𝒏−𝟏 − 𝒀𝒏+𝟏) = 𝟏𝟔𝟗𝟐. 𝟓 𝒎𝟐
 CDLCDG

 CDLLCD  =      √∆XCD2 + ∆YCD2      = 10.44 m
 CDG

 ∆𝑋𝐶𝐷 = 𝑋𝐷 − 𝑋𝐶 = 10 > 0∆𝑌𝐶𝐷 = 𝑌𝐷 − 𝑌𝐶 = −3 < 0 } 𝐺𝐶𝐷 = 200 − 𝑔
 𝑔 = tan−1(∆𝑋𝐶𝐷∆𝑌𝐶𝐷 ) = 81.44 gr

𝐺𝐶𝐷 = 200 − 𝑔 = 118.55 gr
 𝑮𝑪𝑯 𝐺𝐶𝐻𝑮𝑪𝑯 = 𝟐𝟎𝟎𝒈𝒓
 CDHS𝑺𝑪𝑫𝑯  =  ½  ( 𝐿𝐶𝐻 × 𝐿𝐶𝐷  sin(𝑮𝑪𝑯 − 𝑮𝑪𝑫)) 𝑺𝑪𝑫𝑯  =  ½ (8 × 10.44 sin(200 − 118.55) )𝑺𝑪𝑫𝑯  = 𝟒𝟎 𝐦𝟐



 α
 𝑺𝑨𝑩𝑰  =  ½   𝐿𝐼𝐵 × 𝐿𝐼𝐴  sin(𝛂) = 208.68 − (152.85 + 40)= 15.83 𝑚2
 sin 𝛼 = 2 × 15.83 𝐿𝐼𝐵 × 𝐿𝐼𝐴 ⟹ 𝛼 = sin−1(2 × 15.835 × 7.51 ) = 63.86 𝑔𝑟

 

 

(𝟏𝟓𝟏.𝟏𝟗−𝟏𝟓𝟏)×𝟐𝟖.𝟕𝟖(𝟏𝟓𝟏.𝟏𝟗−𝟏𝟓𝟏)+(𝟏𝟓𝟐−𝟏𝟓𝟏.𝟑𝟑) =(𝟏𝟓𝟐−𝟏𝟓𝟏.𝟑𝟑)×𝟐𝟖.𝟕𝟖(𝟏𝟓𝟏.𝟏𝟗−𝟏𝟓𝟏)+(𝟏𝟓𝟐−𝟏𝟓𝟏.𝟑𝟑) =


