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אאWאאא 
 

אאW 
 ،אאאאאאאא 

אאאאFStrains & stressesEאאאאK 
،אאאאאא 

Kאאאאאאא 
אאW 

אאW 
 אאאאאאאא 
אאאא  
 אאאא 
 אאאאא 
Kאאאאא  

١٠٠K٪אאאWمستوى الأداء المطلوب 
 W٨الوقت المتوقع للفصل

אאW 
  
 א،אא،אא

אאאאאאאK 

אאW 
אא  א אאא  

אאאK 
 

 
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אאWאאא 
 

٧ J١ JאאאW 
٧ J١ J١ JW 

אW 
 J ،אאא 
 J ،אאאא 
 J  אאאFgeometric propertiesEאאא

K 
אאאאאאאאW 

١ J אא،אאFsteelEאא
אאאא،K 

٢ J ،א،א 
א  ،אFbending E،א

אK 
٣ J אא،

אK 
 

אאאאאאW 
 J אFcross-section´s AreaE، 
 J אFCentroidE، 
 J אאאFmoment of InertiaE،אאא 
 J אאFProduct of InertiaE، 
 J אFradius of gyrationKE 

אאאא
אK 



א ١٥٥ אא 
  אאא 
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٧ J١ J٢ J אאאFmoment of InertiaWE 
 א  ،א א  ،אא א F   E  Faxis E

א dAאאFאF٧ J١KEE
אאאאאאא(A) Kא

 I  K 
 
 
 
 
 
 
 
 

אאאאאאאK 
אאאאאאאאאA

WאאאאאK 
 

٧ J١W 
אאאאאאאאF٧ J٢EאאW
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א ١٥٥ אא 
  אאא 
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אאאאאאx-xW 

12

3bhI x = 

אאאאאאy-yW 

12

3hbI y = 

אאאאאאא
אאאWm4 cm4mm4KאאאאK 

 
 
٧ J١ J٢ JאאFProduct of InertiaWE 

אא dIxy א، dAFEx
yאאאK 

،אאאאא
IxyK  

 

٧ J٢W 
אאאאאאF٧ J٣WE 
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 
 
 
 
 
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  ٣ – ٧( شــكـــل ( 
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א ١٥٥ אא 
  אאא 
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EאאxyW 
0=xyI 

 W  א א       א א 
אK 

Eאx´  y´W 

4
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hbI yx = 

אא،אאאא
m4 cm4mm4K 

،אאא
אאxyK 

 
٧ J١ J٣ JאFradius of gyrationWE 

אFrEאאא
 אא א  Aא   K

אאW 
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    

rxWאx K 
ryWאyK 



א ١٥٥ אא 
  אאא 
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،אאmm، cm، m  K 
אאאאFbuckling of columnsKE 

  
٧ J٣W 

אאאאאF٧ J٣WE 
 JאאאxK 

Ix = bh3/12W 
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 JאאאyW 

Iy = hb3/12W 
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٧–٢ JאאFstrain and stressWE 
 

אאF،،EאFstressesE
 אFstrains Eאא א         אא  

א K   אא  F  E    ،א   
אאאאאK

אאאאאאK 



א ١٥٥ אא 
  אאא 

  
 

- ١٥٣ - 

٧ J٢ J١–אאW 
   Fbarא E  ،  א   ،    

 אF٧–٤ KE      א ،F   א  
אWEאאאK 

،א א  אא א א 
אWאאFaxial strainKE 

KאאFEאEאFאאא 
 

 
 
 
 
 
 

 
 
 

εFEWא،אאאא 
 

 F٧L٤EL
dL

=ε 

LW،אא 
dLWאאאאNK 

 
Fאאאאאאאא

KE 
 
 

dL

dL

N

N

L

L

 ) ٤ – ٧(شــــكــل 



א ١٥٥ אא 
  אאא 
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٧–٤W 
2mאא2mmKאאא

K 
 

אW 
אאW   L = 2m = 2000 mm 

א،אאWdL = 2 mm 
 

 W  = dL/L = 2/2000 = 1/1000 εאא
ε =  0.1% 

 
٧ J٢–٢–אאאאW 
 אF٧ J٥ J E  א     אA    ،

אN אאKאאאsK 
 

 
 
 
 
 
 
 

 
 
 
 

،אK،
אאאאNאF٧ J٥ JKE 

s 
N N

)أ(

N N )ب(

σ 
N  ) ج( 
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א ١٥٥ אא 
  אאא 
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N،אאσאא،Kא
א،אאאא

F٧ J٥ JKEאאσW 
 

F٧L٢ E
A
N

+=σ 
 

NW،אאאא 
 
AW،א 

אאK 
 

אאF٧ J٥ JEא،
אF٧L٢ E،אW 

 

F٧L٣ E
A
N

−=σ 

אאK 
 

אאא،א،א
אWN/m2אFPascalEא PaKאא

Wא،אא 
אWkPa = 103 Pa 

אWMPa = 106 Pa 
אWGPa = 109 Pa 

W1 MPa = 1 N/mm2 
 

١WאאאF H JEאF٧L٢EF٧L٣E
אWK 



א ١٥٥ אא 
  אאא 

  
 

- ١٥٦ - 

٢Wאאא،אאא
אאא،אWFbearing 

stressKEאאאF٧L٢KE
אF٧–٦KE 

 
 

 
 
 
 
 
 
 
 
 
 

 
א،אאאW 

cA
P

−=σ         

PאAcK 
 

א،אאאW 

fA
WP )( +

−=σ 

W،א AfאK 
 

Af 

W

Ac

P

 ) ٦ – ٧( شــكــل 



א ١٥٥ אא 
  אאא 
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٧–٥W 
א،אאא20cm×40cm، 

80 kNKאאאאK 
 

אW 
אW  = 800 cm2A = 20×40  

אאאW 
  

MPammNcmNcmkN 1/1/100/1.0
800
80 222 =====σ 

  

٧ J٢–٣–אאאאW 
 אאאאא Kאא אא

א א   א   א א  ،  א
FdeformationsEאאא،אאKא

 אאFsamples Eא  K א 
אאאאאאK 

אאאאK אאאא
אאW 

F٧L٤E= f(ε)σ 
א  א  F٧ J٧ Eא אא

Fstress-strain curveEאאFmild steelE. 
אאאאF٧ J٦EW 



א ١٥٥ אא 
  אאא 

  
 

- ١٥٨ - 

E Jא[oa] W 
אאא  aאKאאאא
אאW 

F٧L٥E= Eε σ  
אFHook’s lawKEאאא  

E   אFModulus of elasticity EFYoung’s modulus KE
אאא،F٧L٥EאאK 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

א،א،אאa
אFproportional limitKE،אאאאאא

אאאKאFelasticKEאאא
אאאאK 

  مدى التصلّد الإنفعالي
Strain hardening 

  مدى الـلـّــدونة أو الخضوع  
Plasticity or yield range 

  مدى المرونة  
Elastic range 

εy 

0.01 0.200.10

d 

c

ba σy 

σult 

o 
ε 

σ 

  الإجهاد والإنفعال لقضيب من الصلب الطري ىنموذج لمنحن ) :٧ -٧(الشــكــل 
                                         )mild steel (معرّضا لشـــدّ مرآزي محوري.  



א ١٥٥ אא 
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אF٧L٥Eאא[oa]אEא
אאא،אW 

 
1010 N/m2 = 200 GPaCE = 20 

 
אאאאאW 

א אFGPaE E 

١٩٠ א J٢١٠ 

٧٠ א J٧٩ 

٩٦ א J١١٠ 

אF אE ١٤ J٣١ 

١١ א J١٣ 

 
E Jא[ab] W 

אaא ،אyεKא a b 
אFyieldKEא[ab]אFyield rangeEא Fplasticity 

rangeE א،a אFyield point Eא אאy σ
Fyield stressKE 

א،bא،אaאאאא
א١٠אאאaKאאאא

אאKאאאא
אK 
 



א ١٥٥ אא 
  אאא 
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E Jאא[bcd] W 
 א b،אא Fstrain hardening Eא 
אא،אKאא

א ،אאcאאFultimate 
stress E אultσ Kאאc 

אאdאאK 
 

W 
א   א א א א  א א  Felastic 

method E א א  Fworking stress method Eא   
אאKאאאאאא

אאFultimate strength methodEאא
אK 

 
٧–٦W 

אא2m20mm،N = 62.8 kN، 
אF٧ J٨KE 

אא25 kN/cm2 E = 200 GPa،W 
١ J אאאאK 
٢ J אFelongationEאK 

 
 
 

 
 

 
 

N N= 62.8 kND = 20mm 

L = 2m

 ) ٨ –٧(شــكـــل



א ١٥٥ אא 
  אאא 

  
 

- ١٦١ - 

אW 
١ JאAW 

 
A = πD2/4 = π(20)2/4 = 314 mm2 

 
אאאאσW 

 
 = N/A = 62.8/314 = 0.2 kN/mm2 = 20 kN/cm2σ 

٢ JאFelongationEאdLW 
 

 = dL/L → dL = ε×L ε 
 

σ =  20 kN/cm2 < σy = 25 kN/cm2 
   א א א  א א،א    א  

W 
 = Eε  →  ε = σ/E σ 

σEאW 
 

E = 200 GPa = 200×109 N/m2 = 200×106 kN/m2 = 2×104 kN/cm2 

 
ε = 25/(2×104) = 12.5×10-4 = 1.25×10-3 = 0.125 % 

 
  אאW 

dL = ε×L = 1.25×10-3 ×2 = 2.5×10-3 m = 2.5 mm 
 
٧ J٢–٤–אאאW 

אאאFlap jointEא
FrivetE،VאאאF٧ J٩KEאא

אFfrictionEאאא ،אVאFslidingE
 א      אA    אא   

אאVK 
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אא אs-s א
אKאאאאאאאא

אא K،א  אא  FaverageE
אτW 

  F٧L6E                                      
A
V

=τ           

 
  V א  A א  אא א Fא  Eא   א

אאVK 

אאF٧ J٩E،אא،
אFsingle shearKE 

אF٧ J١٠EאאאK
אאאאVאF2AKEאא
אאFdouble shearKEאאW 

   

A
V
2

=τ 

 
 
 

V
V

V
V

s-s 

 ) ٩ – ٧(شـــكـــل 

V/2
VV/2

 ) ١٠ – ٧( شـــكـــل 
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אאאאFshear strainKEא
τאאא،א
אF٧ J١١KE 

 
 
 
 
 

א  א  א  א אא  א א א א 
FradiansE،אγFE: 

 
F٧L٧E≈ tanγ = e/h γ 

 
אאאאK 

 אאγא τ  אאא א 
אא  Kא   א  ،א א   א  

אW 
  F٧L٨Eγτ G= 

FGEאאאאK 
אGאאא 40%אEKא

אאאW 
 

  F٧L٩E
)1(2 µ+

=
EG 

µאFPoisson’s ratioWEאאאאא
אK 

 

e 

h 

τ 

γ

 ) ١١ – ٧( شـــكـــل 
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אאאאאאאW 
 
 

א אµ אFGPaE G 

75 0.28 א J80 

26 0.33 א J30 

36 0.34 א J41 

 
٧–٧W 

אאאF٧ J١٢EאאP = 50kNKא
אאd = 8 mm، אאאאPK 

 
 
 
 
 
 

 
 

אW 
אאא PאאK

،אאאא،W 
A = 2×2(πd2/4) = 201 mm2 

אא،W 
 

 = P/A = 50/201 = 0.249 kN/mm2 = 249 N/mm2τ 
 

P P

 ١٢–٧(شـــكـــل
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٧ J٢–٥–אאאאW 
א   א אא א א א  ،Fdeformations E א

WאאKא 
 J ،אאא 
 J אאאK 

אWא،FyzEא،
אF٧ J١٣ JKE 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
א  א  ،א   א   F٧ J١٣ J KE א 

אFfibers Eאא אא ،
אא  ،Fneutral planeKE

אאאFאxyEאאFNeutral AxisKE 
،אאאאא

אFEEאאאFIxEאא
WEIxKאאאאאFbending rigidityKE 

אאאאאאא
אאFyKEאאאFfiberE

y،אאאW 
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  F٧L١٠E
xI
yM .

=σ 

W 
MWא،א 

yWאאאאFאEאאאK 
IxWאאאFmoment of InertiaEאאK 

אF٧L١٠Eא،sא،
אFאtσ אcσEFy = 

ymaxE،אאאF٧ J١٣–WE 
 

F٧L١١E
x

s
s I

yM max
max,

.
=σ 

MsWאאאsK 
 

אF٧L١١E،אאאFmaxσE
א ymax אFMmaxWE 

 

F٧L١٢E
xI
yM maxmax

max

.
=σ 

 
א  א אא  ،א   א א א  

אK 
 
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٧–٨W 
     5m     20kN/m K  א

אאb = 20cm אh= 50cmא ،F٧ J
١٤E،W 

١ J אאאsK 
٢ J אאK 

 
 
 
 
 

 
 

אW 
١ J אW 

Ax = 0،    Ay = By = wL/2 = 50 kN 
 J אאsW 

Ms = Ay×2 - w×2×1 = 100 – 40 = 60 kN.m 
 

 
 
 
 
 
 
 
 
 

s 2m 
A 

L = 5m 

w =20kN/m 

B 

 )١٤ – ٧(شــكـــل 

x x 
h 

b 

A 

B L/2 
x 

 )١٥  -٧(شــكــل

Mmax = wL2/8

M(x) 

Ms 

2m 
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 JאאאאxW 
Ix = bh3/12 

אאא،אW 
ymax = ±h/2 

אאא،sW 
 

2max,

3max,

6
12

22

bh
M

bh

hM

I

hM

s
s

s

x

s

s

±=

×
±=

×
±=

σ

σ

 

 

.5.1125.11201125.0
4020
606

222max, KPa
m
kN

cm
kN

s ±=±=±=
×
×

±=σ

 
 

אאאtσאs ،אא
אcσאsK 

 
٢ J   א  א אא א 

F٧ J١٥Eא،W 
Mmax =  M(L/2) = wL2/8 = 20×25/8 = 62.5 kN.m 

 
אאאא

אFymax = ±h/2EW 
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KPacmkN

bh
M

2.117/011172.0
4020

5.626

6

2

2max

2
max

max

±=±=
×
×

±=

±=

σ

σ
 

 
 א  א א tσ،א        

אאאcσאK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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٧–٣–W 
 

٧–١W 
،אאאאאאאאאאא

אF٧ J١WE 
١ Jאאא x- xK 
٢ Jאאאy-y  K 
]אאWIx = 706.67 cm4, Iy = 168.11 cm4[ 

 
 
 
 
 
 
 
 
 
 
 
٧–٢W 

 FcolumnEאN = 720 kN 
 א  F٧ J٢ KE א  3.20m א   20cm 

×40cm  א א    א،   1000אN/cm2 ،
 E = 14 GPa،W 

١ JאאאאאK 
٢ JאאאFshorteningEאK 

e 

e 

x 

y 

y 

x 

a 

C

b 

h 

 ) ١ -٧ت (شــكــل

h = 120 mm 
b = 100 mm 
a = 12 mm 
e = 10 mm 



א ١٥٥ אא 
  אאא 

  
 

- ١٧١ - 

 
 
 
 
 
 
 
 
 
 

 
٧–٣W 

אאאF٧ J٣EאאV = 120kN Kא
אאd = 1.2 cm، אאא

אVK 
 
 
 
 
 
 
٧ J٤W 

אABCאF٧ J٤Eא
Nא،AB D1 = 40mmאBCD2 = 20mmK 

אאאאAB50 MPaאא،σא
BC ؟ 

 
 
 

V V

 ) ٣ –٧ت(شـــكـــل

N

3.
20

m
 40cm

20cm

  ) ٢–٧ت(شــكـــل

D2 = 20mm D1 = 40mm 

N
CBA 

)٤-٧ت(شــــكـــل
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٧–٥W 
 5m20kN/mK

אאb = 50cmאh = 20cmא،F٧ J
٥KE 

١ J אאאאsK 
٢ J אאK 

 
 
 
 
 
 
٧–٦W 

      ،א   אb = 20cm  אh = 70cm،
אאF٧ J٦KE 

١ Jאאאs3אmא Aאb-b
אK 

٢ JאאאאאאsK 
 
 

 
 
 
 
 
 

w =20kN/m 

B 
s 2m 

A 

L = 5m 

 )٥ – ٧ت( شــكـــل

x x h 

b 

 )٦ – ٧ت(شــكـــل 

3m 
2m

s 

7m 

A 

w =20kN/m  

B 
x x 

h 

b 

F = 40kN 



א ١٥٥ אא 
  אאא 
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٧–٧W 
 אאP = 50 kN

אF٧ J٧KE 
 

١ J    א א  א  א
אאאF٧ J٧–KE 

٢ J    א א  א  א
אאאF٧ J٧–KE 

٣ J אאאK 
]אאW١Emax = ± 2.57 kN/cm2σ،٢E max = ± 0.367 kN/cm2σ ،٣EאFE 
[ 
 
 
 
 
 

 
 
 
 

٧–٨W 
אאאאF٧ J٨EL = 7m،

HKאא  max = 120MPaσ،
אאFwmaxEאאK 

3m 

70cm

20cm
 

2m 

A 

)ب( 

F = 50kN  

B 

 )٧ – ٧ت(شــكـــل 

x x 

70cm 

x x 

20cm 

)أ(



א ١٥٥ אא 
  אאא 
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 
 
 
 
 
 
 

٧–٩W 
 4m 30kN/mא،א

אb = 20cmאh = 35cmא،F٧ J٩ JKE 
١–אא אK 
٢–אאאא،אאאF٧ J٩ JE

 א א  F Eא  ،
FwmaxEאאאא

אאK  
 
 
 
 
 
 

 ) ٨ -٧ت (شــكــل

h = 120 mm 
b = 100 mm 
a = 12 mm 
e = 10 mm 

e e 

a 

b 

h 

e 

A 

L = 7m 

wmax?  

B 

 ) ٩ -٧ت(شــكــل

A 

L = 4m

30 kN/m  

B 

b

)ب(

h

h
h

b

)أ(



א ١٥٥ אא 
  אאא 
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٧–١٠W 
    ،א   I  ،P = 50kN   

אאFwbEאF٧ J١٠KE 
 א  א א  א  אs = 78kN/m3γ א   ،

Wאאאאאא 
١ J אאאאאFwbKE 
٢ J אאאאא PK 
٣ J אאPאאא FwbKE 
٤ J ؟אאא 

WאאFprinciple of superpositionKE  
 
 
 
 
 
 
 
 
 

٧–١١W 
١ Jאא     א T   אF٧ J١١ J E  א

א אFtσEאFcσEאאW 
c = 1.2kN/cm2

 σ،  σt = 0.1kN/cm2 
٢ Jא          א  א  א 

F٧ J١١ JE؟ 
٣ J؟אאאK 

h = 150 mm 
b = 100 mm 
a = 15 mm 
e = 10 mm 

 ) ١٠ -٧ت (شــكــل 

B A 

4m 

wb 
P 

3m 

b

h x x 
a 

e 

e 



א ١٥٥ אא 
  אאא 

  
 

- ١٧٦ - 

 
 
 
 
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