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 النھائى التحمیل بعد المنشأ شكل فى النھائى التغیر دراسة االله بمشیئة سیتم ده الجزء فى
safe فى للمنشأ النھائى الھبوط كان اذا ما لمطابقة وذلك للمنشأ side.

Chapter One : Deflections

 Double Integration Method ( 2 sections ).
 Conjugate Beam Method ( 2 sections ).
 Virtual Work Method ( 2 sections ).

: المنشآت فى الھبوط لحساب المستخدمة الطرق

determinate) استاتیكیا المحدده المنشآت بین الفرق دراسة یتم structures)
indeterminate( استاتیكیا محدده الغیر والمنشآت structures(عدد تحدید وكیفیة 
) والمجاھیل المعادلات 1 sections ) .

Chapter Two : Detergency

internal الـ رسم force استاتیكا محدده الغیر للمنشآت  ( 5 sections ) .
Chapter Three : Consistent Deformation

Drawing without calculation ( 1 sections ) 3
3



 الاحمال ( على اولا یعتمد حیث وثیقا ارتباطا السابقین بالترمین المنشآت فى الھبوط یرتبط
.) الكمرة فى المستخدمة والمواد القطاع خواص ( ثانیا ) العزوم على تأثیرھا ومدى

 المنشآت فى الھبوط على الاحمال تأثیر

المؤثرة القوى بزیادة یزید الھبوط

y y
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 المنشآت فى الھبوط على القطاع خواص تأثیر

inertia الـ بزیادة یقل الھبوط

y y

inertia الـ قیمة تغییر وبالتالى الكمرة وضع تغییر مع ولكن الاحمال بنفس

 الماده نوع بتغییر الھبوط قیمة تتغیر بالتأكید ایضا
modulus الـ of elasticity (E)5
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Beam
Girder

6
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yθ

P

y >>> deflection at any point            الھبوط   

θ >>> rotation or slope at any point الدوران

P

Hinge, Roller and Fixed Support الھبوط یساوى صفر عند الـ 

Fixed Support الدوران یساوى صفر عند الـ 

/ Deflection  =yتفاضل الـ =  Rotation (θ)ملاحظھ مھمھ    أن الـ 
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Cable Suspended Structure

بعض الطرق المستخدمة لتلاشى الھبوط الكبیر الناتج عن المسافات 
الواسعة بین الاعمده
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Cable Stayed Bridge
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مراجعــة سریعــة لبعــض
المفاھیم السابق دراستھا 
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1.1. Dead loadsDead loads
2.2. Live loads Live loads 
3.3. Dynamic loadsDynamic loads ((trains, equipmenttrains, equipment))
4.4. Wind loadsWind loads
5.5. Earthquake loadsEarthquake loads
6.6. Thermal loadsThermal loads
7.7. Settlement loadsSettlement loads
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Dead Loads

1.1. weight of the structure itselfweight of the structure itself
floors, beams, roofs, decks, beams/stringers, floors, beams, roofs, decks, beams/stringers, 

superstructuresuperstructure
2.2. loads that are “always there”loads that are “always there”
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Live Loads

1. People, furniture, equipment
2. Loads that may move or change mass or weight
3. Minimum design loadings are usually specified in 

the building code
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Load Example: Live Load 

Live Load =  100 lb/ft^2story
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Load Example: Water in a dam

Water,
 = density

h
p = gh
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ROLLER SUPPORT
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Roller Support

Roller Support 

یسمح بالحركة فى احد الاتجاھین والدوران
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ROLLER SUPPORT
Applied Force

Reactive Forces

The Reactive Force must 
always be perpendicular to 
the surface of Rolling

اتجاة رد الفعل
عمودى على 
اتجاه الحركة
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HINGED SUPPORT

KNEE 
HINGE 28



PIN or HINGE SUPPORT

Applied Forces

Reactive Force
The Reactive Force can be in

any direction
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FIXED SUPPORT

Fixed Supports
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The Reactive Force can be in any 
direction Also there is reaction in 
the rotation direction

Fixed Support 

لا یسمح بالحركة فى الاتجاھین والدوران
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Roller, Hinge and Fixed Supports

Hinge 
supports

Roller Supports

Fixed Supports
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LATERAL: WIND, EARTHQUAKE

∑ FX =     0.0 

>>>>>   =    <<<<<
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VERTICAL: GRAVITY

^^^ ^^^

^^^ =

∑ FY =     0.0 
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ROTATION: OVERTURNING LOADS

∑ M    =    0.0 

=
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انواع الفصلانواع الفصل
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الحالات التى تصبع فیھا الكمرة غیر متزنھالحالات التى تصبع فیھا الكمرة غیر متزنھ..
Unstable structure.Unstable structure.
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2 t

4 m 4 m

4 m

3 m

4 m 4 m 4 m 4 m 4 m

4 m

3 t3 t2 t

A B
C

D

E
F
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B

D

A

4 m 4 m

3 m

E

C

3 m

10 t

4 m 4 m 4 m
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2 t

3 m

4 m 4 m 4 m

4 m

3 t3 t2 t

D
E

12 m 4 m
A B C

10 kN/m
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3 m

4 m 4 m 4 m

4 m

2 KN

D
E

12 m 4 m
A B C

10 kN/m

XA

YA

6.0 m 6.0 m

YB

R1=120 KN

4 KN 4 KN 2 KN

YE

XE
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YE * 12.0    =    4 * 4.0  + 4 * 8.0 + 2 * 12.0 

∑MDR =0.0

YE =    6.0 KN 

6.0 * 12.0  + XE *3 =    4 * 4.0  + 4 * 8.0 + 2 * 12.0 

∑MCR =0.0

XE =    0.0
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XA =      0.0   
∑ FX =     0.0 

YB*12.0 + 6*28= 120*6+2*16+4*20.0+4*24.0+2*28.0 

∑MA =0.0

YB =    68.0 KN 50



YA + 68 + 6   = 120 +2+4+4+2

∑ FY =     0.0 

YA = 58 KN
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4 m 4 m 4 m

4 m

2 KN

D
E

12 m 4 m
A B

C
10 kN/m

XA

YA

6.0 m 6.0 m

YB

R1=120 KN

4 KN 4 KN 2 KN

YE

XE

F

F
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4 m 4 m 4 m

4 m

2 KN

D
E

4 KN 4 KN 2 KN

YE

XE

XE = 0.0

∑ FX =     0.0 

F

F = YE =    ( 2+4+4+2) /2 =6.0     From symmetry

∑ FY =     0.0 
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12 m 4 m
A B

C
10 kN/m

XA

YA

6.0 m 6.0 m

YB

R1=120 KN

6.0 

XA = 0.0

∑ FX =     0.0 

YA =    120 +6 – 68 = 58 KN
∑ FY =     0.0 

YB * 12 =    120 * 6 + 6* 16 

∑MA =0.0

YB =    68 KN
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خطوات الحلخطوات الحل::
حتى یتم استخدامھا فى التكاملات ویفضل ان یتم عمل  (x)یتم عمل معادلة للعزم بدلالة  -1

.  المعادلة من الاتجاه الاسھل للكمرة

6.0 t/m

10.0 m

A B

Cx
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6.0 t/m

4.0 m
30

Mo = 30 * 4 – 6 *4 *4/2
=   72 t.m

o

6*4
=24

4/2

6.0 t/m

x
30

o

6*x
=6x

x/2

ھذه الطریقة افضل فى الحسابات لاننا 
نستطیع من خلالھا حساب العزم فى اى مكان 

للمكان xبالتعویض بقیمة 
للتوضیح فقط

Mo = 30 * x – 6 *x *x/2
=   30 x – 3 x2  t.m
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. double integrationیتم التعویض بمعادلة العزم فى معادلة الـ  -2

)4/5(1

)15(1)3/32/30(1

)330(1

)(1

21

43

1

32

1

32

2

cxcxx
EI

y

cxx
EI

cxx
EI

y

xx
EI

y

M
EI

y











لاحظ اننا حصلنا على المعادلات المطلوبة 
ولكن فقط بعد الحصول على الثوابت
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ROLLER

HING
E

y = 0.0   at roller 
and hinged support

y = 0.0 and θ = 0.0
at fixed support

Boundary Conditions
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فى معادلة الھبوط والدوران  boundary conditionیتم التعویض بـ  -3
. السابقة

0.0
0.0)0(*4/)0()0(*5

0.0)4/5(1

2

21

43

21

43






c
cc

cxcxx
EI

y

At  x = 0.0  >>>>   y = 0.0الھبوط یساوى صفر Aعند النقطھ 

0.250
0.00.0)10(*4/)10()10(*5

0.0)4/5(1

1

1

43

21

43






c
c

cxcxx
EI

y

At  x = 10.0  >>>>   y = 0.0الھبوط یساوى صفر Bعند النقطھ 
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)2504/5(1

)25015(1

43

32

xxx
EI

y

xx
EI





0)0*2504/00*5(1

250)25000*15(1
0.0

43

32







EI
y

EIEI

xat



>>>>>

EIEI
y

EIEI

xat

25.781)5*2504/55*5(1

0.00)25055*15(1
0.5

43

32









عند خط التماثل للكمرة  -1
Θc = 0.0              

بسبب التماثل -2
ΘA = - ΘB                 



Position of max deflection = position of zero rotation

Ymax  @ θ = 0.0 

EIEI
y

xcalculatorgubyxx

xx
EI

25.781)5*2504/55*5(1

0.5sin0.0250*15

0.0)250*15(1

43
max

32

32






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y= +ve

y= -ve
θ = +ve

θ = -ve
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20 t

A 3 m

Required the deflection and rotation 
at point b

B
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  لن یؤثر Aعند   reactionافضل حتى لو كان ھناك خطأ فى ال  Bمن  xبدایة الـ 

20 t

A 3 m Bxo

Mo = - 20 x  t.m

)3/10(1

)10(1

)20(1

)(1

21
3

1
2

cxcx
EI

y

cx
EI

y

x
EI

y

M
EI

y










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At  x = 3.0  >>>>   θالدوران یساوى صفر Aعند النقطھ  = 0.0

At  x = 3.0  >>>>   y = 0.0الھبوط یساوى صفر Aعند النقطھ 

0.90
0.03*10

0.0)3*10(1

1

1
2

1
2






c
c

c
EI

y 

180
0.03*903/3*10

0.0)3*903/3*10(1

2

2
3

2
3






c
c

c
EI

y
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 0.0xat

)180903/10(1

)9010(1

3

2





xx
EI

y

x
EI



EIEI
y

EIEI
180)1800*903/0*10(1

90)900*10(1

3

2





Final equations
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20 tA

3 m Bx o

Mo =  20 x – 60  t.m

)303/10(1

)6010(1

)6020(1

)(1

21
23

1
2

cxcxx
EI

y

cxx
EI

y

x
EI

y

M
EI

y











حل اخر

20 t

60
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At  x = 0.0  >>>>   θالدوران یساوى صفر Aعند النقطھ  = 0.0

At  x = 0.0  >>>>   y = 0.0الھبوط یساوى صفر Aعند النقطھ 

0.0
0.00*600*10

0.0)0*600*10(1

1

1
2

1
2






c
c

c
EI

y 

0.0
0.00*00*303/0*10

0.0)0*00*303/0*10(1

2

2
23

2
23






c
c

c
EI

y
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 0.3xat

Final equations

)303/10(1

)6010(1

23

2

xx
EI

y

xx
EI





EIEI
y

EIEI
180)3*303/3*10(1

90)3*603*10(1

23

2





نفس الحل الاول وبالتالى
كان من الافضل اختیار 
المعادلة الاولى فى الحل 

L
x

y

P

PL
P
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3 m

Required the deflection and rotation 
at point B

6.0 t/mA B
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A 3 m Bxo

Mo = - 6*x*x/2= -3x2  

6.0 t/mA B

x
o

6.0 t/m B6*x

x/2

Boundary Condition fixed support
at A>>>  x=3.0   >>>>   θ=0.0
at A>>>  x=3.0   >>>>   y=0.0

..........  باقى الحل بسیط 
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3 m

Required the deflection and rotation 
at point B

6.0 t/m
A B
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A 3 m Bxo

Mo = - x2*x/3 = -x3/3 
x

o

w*x/2=2x*x/2=x2

x/3

Boundary Condition                      fixed support
at A>>>  x=3.0   >>>>   θ=0.0
at A>>>  x=3.0   >>>>   y=0.0

..........  باقى الحل بسیط 

6.0 t/m

ww/x=6/3  >>  w= 2x
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3 m

Required the deflection and rotation 
at point B

A
B

20 t.m
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A 3 m
xo

Mo = - 20  

x
o

B

Boundary Condition fixed support
at A>>>  x=3.0   >>>>   θ=0.0
at A>>>  x=3.0   >>>>   y=0.0

..........  باقى الحل بسیط 

B
20 t.m

20 t.m
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12.0 m

A B

C

6.0 t/m

Required the deflection and rotation 
at point A, B and C
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xo

Mo = 12x- x2/4*x/3
= 12x-x3/12  

x
o x/3

Boundary Condition hinged support
at B >>>  x=0.0   >>>>   y=0.0
at A >>>  x=12.   >>>>   y=0.0

..........  باقى الحل بسیط 

ww/x=6/12  >>  w= 0.5x

12.0 m

A B
6.0 t/m

w

w*x/2=0.5x*x/2=x2/4

12

12



9.0 m

A B
C

6.0 t/m 6.0 t/m

x

w

12
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w/(4.5-x)=6/4.5  >>  w=  6-1.33x

79

Mo = 12x- 0.67x2*2/3x-(6x-1.33x2)*1/2 x   
=12x -3x2+ 0.22 x3  

Boundary Condition hinged support
at A >>>  x=0.0   >>>>   y=0.0
at C >>>  x=4.5   >>>>   θ=0.0 from symmetry

..........  باقى الحل بسیط 

4.5 m

A C

6.0 t/m

x

w

12

12
x

w*x= 6x-1.33x2

x/2
2/3 x

(6-w)*x/2= 0.67x2

o
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2 m

Required the deflection and rotation 
at point A and C

B A
10 t.m

5.0 t

1.5 m

C



2 m

B A
10 t.m

5.0 t

1.5 m

C

10
10 + 5 *…..

لو نظرنا الى العزم نجد انھ مقسم الى جزئین كل جزء لھ معادلھ مختلفة وبالتالى عند 
بالتالى یتم التعویض مرتین مما  double integrationالتعویض فى معادلة 
boundary conditions82 4سیتسبب فى وجود 
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2 m

B A
10 t.m5.0 t

1.5 m

C

x1
o

Mo = -10 

Part   A     >>    C 
x1= 0   >>  x1= 1.5 

Mo = -10 -5x2 

Part   C     >>    B 
x2= 0  >>  x2= 2 

2 m

B A
10 t.m5.0 t

1.5 m

C

x2
o

)5(1

)10(1

)10(1

)(1

211
2
11

1111

1

1

cxcx
EI

y

cx
EI

y

EI
y

M
EI

y











)83.05(1

)5.210(1

)510(1

)(1

413
3
2

2
22

3
2
2222

22

2

cxcxx
EI

y

cxx
EI

y

x
EI

y

M
EI

y













At  x2صفر=  2θالدوران یساوى  Bعند النقطھ  = 2.0  >>>>   θ2 = 0.0

30
02*5.22*10

0)5.210(1

3

3
2

3
2
2222






c
c

cxx
EI

y 

At  x2صفر=  2yالھبوط یساوى  Bعند النقطھ  = 2.0  >>>>   y2 = 0.0

33.33
0.02*302*83.02*5

0.0)83.05(1

4

4
32

413
3
2

2
22






c
c

cxcxx
EI

y
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2θ  =1θ At  x1الدوران یساوى  Cعند النقطھ  = 1.5 & x2 =0.0 >>  θ1 = θ2

1)5.1*10(1)10(1)5.1( 11111  c
EI

cx
EI

x

2)30(1)305.210(1)0( 2
2222 

EI
xx

EI
x

From 1 & 2
 )5.1*10(1

1c
EI

)30(1


EI
451  c

2y  =1y At  x1الدوران یساوى  Cعند النقطھ  = 1.5 & x2 =0.0 >>  y1 = y2

From 1 & 2

1)5.1*455.1*5(1)5(1)5.1( 2
2

211
2
111  c

EI
cxcx

EI
xy

2)33.33(1)83.05(1)0( 423
3
2

2
222 

EI
cxcxx

EI
xy
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Part   A     >>    C 
x1= 0   >>  x1= 1.5 

Part   C     >>    B 
x2= 0  >>  x2= 2 

Final equations
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6.0 m

A B

10.0 t

C

2.0 m

∑ MA =0.0     >>  YB*6=10*8
YB=13.33 

∑ Y =0.0        >>  YA=3.33

13.33
3.33
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x1
o

Mo = -3.3 x1 

Part   A     >>    B 
x1= 0   >>  x1= 6.0 

Mo = -10 x2 

Part   C     >>    B 
x2= 0  >>  x2= 2 
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At  x1صفر=  1yالھبوط یساوى  Aعند النقطھ  = 0.0  >>>>   y1 = 0.0

At  x1 = 6  & x2 = 2 >>>>   y1 = y2  = 0.0
>>>> θ1 =  θ2

00)00(1
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At  x2 = 2    >>>>   y2 = 0.0

133.13202*2*67.1

0)67.1(1

4343
3

423
3
22





cccc

cxcx
EI

y

At  x1 = 6  & x2 = 2    >>>> θ1 =  θ2
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Part   A     >>    B 
x1= 0   >>  x1= 6.0 

Part   C     >>    B 
x2= 0  >>  x2= 2 

Final equations

بالتعویض باحداثى اى نقطھ یمكن 
الحصول على الھبوط والدوران عندھا

LP P
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1.0

A B12 t
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2.0 m
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d eI
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بتتضاعف ثلاث مرات inertiaیعنى الـ  3Iمعنى ان القطاع 
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Mo = 6 x1 

Part   A     >>    C 
x1= 0   >>  x1= 2.0 

Mo = 6*(2+ x2) = 12+6x2

Part   C     >>    d 
x2= 0  >>  x2= 1 
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صفر=  2θالدوران یساوى  dعند النقطھ 
بسبب وجود تماثل عند ھذه النقطة

At  x2 = 1.0  >>>>   θ2 = 0.0

At  x1صفر=  1yالھبوط یساوى  Aعند النقطھ  = 0.0  >>>>   y1 = 0.0
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2θ  =1θ At  x1الدوران یساوى  Cعند النقطھ  = 2 & x2 =0.0 >>  θ1 = θ2
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2y  =1y At  x1الدوران یساوى  Cعند النقطھ  = 1.5 & x2 =0.0 >>  y1 = y2

From 1 & 2

1)26(1)02*172(1)2( 3
11 

EIEI
xy

2)(
3

1)000(
3

1)0( 4422  c
EI

c
EI

xy

7826*34 c
94



95

Part   A     >>    c 
x1= 0   >>  x1= 2.0 

Part   c     >>    d 
x2= 0  >>  x2= 1 

Final equations

بالتعویض باحداثى اى نقطھ یمكن 
الحصول على الھبوط والدوران عندھا
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4.0m

A C
12 t

4.0m

B

المطلوب رسم العزم لھذه الكمرة الغیر محدده استاتیكیا 

یساوى صفر Bمع العلم ان الھبوط عند النقطھ 
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12 t



3.0m

A C
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R R

Mo = R x1 

Part   A     >>    D 
x1= 0   >>  x1= 4.0 
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Mo = R*(4+ x2) + 12* x2 = 4R+Rx2+12x2

Part   D     >>    B 
x2= 0  >>  x2= 3 
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 2θ  =1θالدوران یساوى  Dعند النقطھ 
بسبب وجود تماثل عند ھذه النقطة

At  x1 = 1.0  
>>>>  θ1 = θ2

At  x2 = 1.0

At  x1صفر=  1yالھبوط یساوى  Aعند النقطھ  = 0.0  >>>>   y1 = 0.0
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18 31  ccR

 2y  =1yالدوران یساوى  Dعند النقطھ 
بسبب وجود تماثل عند ھذه النقطة

At  x1 = 1.0  
>>>>  y1 = y2

At  x2 = 1.0
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At  x2صفر=  2θالھبوط یساوى  Bعند النقطھ  = 4.0  >>>> θ 2 = 0.0

At  x2صفر=  2yالھبوط یساوى  Bعند النقطھ  = 4.0  >>>>   y2 = 0.0
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18 31  ccR

2467.10 41  ccR

396243  Rc

404*12866.42 43  ccR

From  3  in    1
8R+c1=-24R+96
>>>c1=-32R+96        >> 5

From  5  in    2
10.67R+4(-32R+96)=c4
>>>c4=-117.33R+384    >>6

From  5, 6  in    4
42.67R+128+4(-14R+96)-117.33R+384 =0
>>>     R= 6.86  ton
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D
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YB

Y=0∑

YB=24-6.86*2=10.28
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4.0m

A C
12 t

4.0m

B

المطلوب رسم العزم لھذه الكمرة الغیر محدده استاتیكیا 

2cmیساوى  Bمع العلم ان الھبوط عند النقطھ 

ُُEI=4000 t/m2    
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4.0m3.0m

12 t

R R

Mo = R x1 

Part   A     >>    D 
x1= 0   >>  x1= 4.0 
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Mo = R*(4+ x2) + 12* x2 = 4R+Rx2+12x2

Part   D     >>    B 
x2= 0  >>  x2= 3 
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 2θ  =1θالدوران یساوى  Dعند النقطھ 
بسبب وجود تماثل عند ھذه النقطة

At  x1 = 1.0  
>>>>  θ1 = θ2

At  x2 = 1.0

At  x1صفر=  1yالھبوط یساوى  Aعند النقطھ  = 0.0  >>>>   y1 = 0.0
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 2y  =1yالدوران یساوى  Dعند النقطھ 
بسبب وجود تماثل عند ھذه النقطة

At  x1 = 1.0  
>>>>  y1 = y2

At  x2 = 1.0

2467.10 41  ccR
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At  x2صفر=  2θالھبوط یساوى  Bعند النقطھ  = 4.0  >>>> θ 2 = 0.0

2y  =0.02At  x2الھبوط یساوى  Bعند النقطھ  = 4.0  >>>>   y2 = 0.02
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18 31  ccR

2467.10 41  ccR

396243  Rc

From  3  in    1
8R+c1=-24R+96
>>>c1=-32R+96        >> 5

From  5  in    2
10.67R+4(-32R+96)=c4
>>>c4=-117.33R+384    >>6

From  5, 6  in    4
42.67R+4(-14R+96)-117.33R+384 =48
>>>     R= 5.5  ton

4484*66.42 43  ccR
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YB=24-5.5*2=13

بالتالى یمكن الرسم
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بســــم اللـــــھ الرحمـــن الرحیـــم

110



خطوات الحلخطوات الحل::
.  super positionیتم رسم العزم على الكمرة المعطاه ویفضل بطریقة الـ  -1
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Example of 
super position drawing
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.  conjugate beamیتم تحویل الكمرة الى   -2

113



Examples of Conjugate Beam Supports
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Examples of Conjugate Beam Supports
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على    conjugateعلى الكمرة الـ) 1(یتم وضع رسمة العزم الموجوده بالخطوه  -3
. انھا احمل بنفس شكلھا ویكون اتجاه اسھم الاحمال مرتبط بوجوده على الكمره

.  مثلا لو كان الحمل اعلى الكمرة یتم توجیھھ لاعلى والعكس

10t

10t

10t10t

18
من الكمرة الجدیده یتم حساب قیمة -4
 deflectionعند النقط المطلوب عندھا الـ  momentالـ 
.  rotationعند النقط المطلوب عندھا الـ   shearوایضا حساب الـ  

beamnewthefrom
EI

moment
y

beamnewthefrom
EI

shear

)(

)(





116
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بعض انواع الفصلبعض انواع الفصل
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بعض المساحات المطلوببعض المساحات المطلوب
معرفة قیمتھا واماكن تركیزھامعرفة قیمتھا واماكن تركیزھا  

h

L

L

L

L

L

h

h

h

h
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a

6.0m

b

3.0m

2 t

Required the deflection and rotation 
at point a, b, c and d.
And also draw elastic curve

c d
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Draw B.M.d-1
6.0

B.M.D

convert to conjugate-2

Conjugate 
beam

The 
ima
ge 
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Final Beam-3
6.0

The 
imag
e c…

18 9

6.018

9

126

12

21

54
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6.018

126

0)0.0(0.0

)6(6






EI
yM

EI
sh

aa

aa 

0)0.0(0.0

)12(12






EI
yM

EI
sh

bb

bb 

من الشمال وطالع موجب ومن   shearالـ 
الیمن ونازل برضھ موجب والعكس

125



126

6.0

126

  Cبالنسبة للنقطھ 

c

3.0m

3.0

6

c
3.0m

3.0

½*3*3=4.5

1.0m

EI
yM

EI
sh

ac

ac

)5.13(5.131*5.43*6

)5.1(5.15.46





 

126
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912

21

d 54

EI
yM

EI
sh

aa

aa

)54(54

)21(21





 
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θa = -ve  θb = +ve 

a b

c

b

yc = -ve  yd = +ve 
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6.0m 3.0m

2 t

Required the deflection and rotation 
at point a, b, c and d.
And also draw elastic curve

4.0 t/mA B

C

B

D
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Draw B.M.d-1
6.0

B.M.D

convert to conjugate-2

Conjugate 
beam

The 
ima
ge 

18
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Final Beam-3 6.0

The 
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18 9

6.018

9
2430

15

18

72 54
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0)0.0(0.0

)30(30






EI
yM

EI
sh

aa

aa 

0)0.0(0.0

)24(24






EI
yM

EI
sh

bb

bb 

من الشمال وطالع موجب ومن   shearالـ 
الیمن ونازل برضھ موجب والعكس

6.018

2430

72

132
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  Cبالنسبة للنقطھ 

30

c

3.0m

3.0

EI
yM

EI
sh

aa

aa

)54(54125.1*361*5.43*30

)5.1(5.15.43630




 

30

c

3.0m

4.5

X2=1/3*3=1

x1

1836

R1=2/3*3*18=36 R2=1/2*3*3=4.5
X1=3/8*3=1.125

x2

133
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24

EI
yM

EI
sh

aa

aa

)54(54

)15(15





 

9

15

54
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θa = -ve  θb = +ve 

yc = +ve yd = - ve 
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a

4.0m

b

2.0m

2 t

Required the deflection and rotation 
at point a, b, c, d and e.
And also draw elastic curve

e d
2 t

c

2.0m
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Draw B.M.d-1

4.0

B.M.D

convert to conjugate-2

Conjugate beam

The 
ima
ge 

4.0

The 
ima
ge 
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Final Beam-3

4

12

21.33

4

The 
ima

The 
ima

4

16

88

44

21.33
4

12
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0)0.0(0.0

)8(8






EI
yM

EI
sh

aa

aa 

0)0.0(0.0

)8(8






EI
yM

EI
sh

bb

bb 

من الشمال وطالع موجب ومن   shearالـ 
الیمن ونازل برضھ موجب والعكس

16

8

44

8
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EI
yM

EI
sh

dd

dd

)33.21(33.21

)12(12





 

4

12

21.33

8
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a

2.0m

b

2.0m

2 t

Required the deflection and rotation 
at point a, b, c and d.
And also draw elastic curve

d
2 t

c

2.0m

  inertiainertiaحالة وجود تغیر فى الـ حالة وجود تغیر فى الـ   --11

I I2I

1.0m 1.0m
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Draw B.M.d-1

4.0

B.M.D

convert to conjugate-2

Conjugate beam

The 
ima
ge 

4.0

The 
ima
ge 

2.0

یتم قسمة المساحة على المعامل 
inertiaالموجود بجوار كل 
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Final Beam-3

4

10

17.33

4

The 
ima

The 
ima

4

4*1+4*1+2*2=12

66

44

17.33
4

10

2
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كمل الحل عادى

EI
moment

y

EI
shear

)(

)(




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فى الكمرة الرئیسیةفى الكمرة الرئیسیة  intermediate hingeintermediate hingeحالة وجود حالة وجود   --11

The image cannot be displayed. Your computer may not have enough memory to open the  
image, or the image may have been corrupted. Restart your computer, and then open the file  
again. If the red x still appears, you may have to delete the image and then insert it again.

Real beam

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart  
your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

conjugate beam

عند ھذه reactionوسطى یكون ھناك  hingeال  intrmediate hingeنلاحظ عند تغییر 
عند ھذه النقطھ وبالتالى وجود قیمتین للدوران یتم  shearالنقطھ وبالتالى یكون ھناك قیمتین للـ  
θL θRطلبھم فى المسألھ بالدوران یمین وشمال النقطھ    and 



147147

3.0m6.0m 3.0m 3.0m 3.0m

12t
a b d e

n
c

Required the deflection at c, d, n and 
slope at point n, b.
And draw elastic curve

EI=5400 t.m2
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3.0m6.0m 3.0m

12t

a b e

n

6t6t

a b d enc

18t.m

18t.m

18t.m
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18t.m

18t.m

18t.m



150

36

18t.m

18t.m

18t.m

54

18
27 27

54
54 18

3.0m6.0m 3.0m 3.0m 3.0m
2.0m2.0m2.0m

a b

c d
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36
27 27

54
54 18

3.0m 3.0m 3.0m 3.0m
2.0m2.0m

my

my

d

c

01.0
5400

)2*27(

03.0
5400

)2*273*36(








27

27
18

3.0m 3.0m

2.0m2.0mmy d

n

03.0
5400

)5*273*181*27(

0033.0
5400

181827










n
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36

54

18

radb 0066.0
5400

)36(

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2.0m8.0m 4.0m 2.0m

b c e fd

Required the deflection at a, d, e and slope at point b 
and (θd R) and (θd L) and (θe rel). And draw elastic curve.

EI=8000 t.m2

3.0t/m6t 3.0t/m
a

2.0m
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2.0m8.0m 2.0m

e
6.0t6.0t

12.0t.m

6.0t.m

12.0t.m

3.0t/m

3.0t/m6.0t

24.0t.m

12.0t.m

4.0m2.0m
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12

6

1212

24
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16

96

16 12 12

16
20 12

2.0m8.0m 2.0m 2.0m 2.0m

1.67

12

6

1212

24

128

12

1.67

16

4



my a 002.0
8000

)16(





161216

4

a

1616

32

rady b 002.0
8000

)16(





b
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rad
rightdshear

rad
leftdshear

rad
dreaction

my

my

Rd

Ld

reld

e

d

002.0
8000

)201216(
8000

)@(

0005.0
8000

)1216(
8000

)@(

0025.0
8000

)20(
8000

)@(

002.0
8000

)67.1*12(

002.0
8000

)67.1*122*16(


























16 12 12

1620 12

2.0m 2.0m 2.0m 2.0m
1.67 1.67
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Required the deflection at g, d, e and slope at point b 
and (θd R) and (θe rel). 

EI=8000 t.m2

2ta d e b c g
2t

6t

2t/m

3.0m4.0m3.0m4.0m3.0m

1.
0m
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3.0t/m2

6.0t.m

62

22

22

6.0t.m 6.0t.m

4.0t.m
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6.0t.m6.0t.m6.0t.m

4.0t.m



6.7

24

9 9

4 20.7

3.0m 2.0m 2.0m 3.0m

2.0

10.6

2.0

47

6.0t.m6.0t.m6.0t.m

6.7 18

3.0m

2.0

24.7

162



my g 005875.0
8000

)47(


radb 0083.0
8000

)7.6(



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476.7 18

3.0m
2.0 24.7

6.7

13.4

6.7
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rad
rightdshear

rad
ereaction

my

my

Rd

rele

e

d

000625.0
8000

)49(
8000

)@(

00257.0
8000

)7.20(
8000

)@(

00475.0
8000

)3*7.62*9(

00225.0
8000

)2*9(






















6.79 9

4 20.7

3.0m 2.0m 2.0m 3.0m

2.0 2.0
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Required:
1- the left rotation at b.
2- slope at d.
3- deflection at b and d.
4- draw elastic curve.

EI=8000 t.m2

a b c d

2t

3t/m

2.0m6.0m3.0m

2t

2.
0m
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18

9

4.0 4.0

13.5

a

c
4.0t.m3t/m4.0t.m

9
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27 4.0 4.0

13.5



3.0m

2.0

2.0m
1.67

27 4.0 4.0

13.5

40.5

39
4928.5 8

20.5

24

54
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my

my

rad

rad

d

b

d

leftb

006.0
8000

)49(

01.0
8000

)2*5.40(

0025.0
8000

)5.20(

005.0
8000

)5.40(


















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Required slope and deflection at point b, e, f and g.
EI=3600 t.m2

12t
a

12t

3.0m3.0m 3.0m 3.0m 3.0m 3.0m 3.0m

e b f g c h d
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36.0t.m

12t
a

12t

e b

f g

c

h d

36.0t.m
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36.0t.m 36.0t.m



36.0t.m 36.0t.m

173



بســــم اللـــــھ الرحمـــن الرحیـــم
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The principle of work and energy is:

  dl
EA

NNdl
GA

QQdl
EI

MM
r

......
101010ωinternal  =

M  >>>  Moment.

Q  >>>  Shear.

N  >>> Normal.

 dl
EI

MM ..
10ωinternal  =  dl

EA
NN ..

10ωinternal  =

For Beams For truss175

Ue=Ui

Work of External
Forces & Moments

Strain Energy 
Internal Forces
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خطوات الحلخطوات الحل::
.  .  super positionsuper positionیتم رسم العزم على الكمرة المعطاه بطریقة الـ یتم رسم العزم على الكمرة المعطاه بطریقة الـ   --11

176

C
6.0m 2.0m

2 t4.0 t/mA BB
The 
ima
ge 
can
not 
be 
dis
pla
yed
. 
You
r 
co
mp
ute
r 
ma
y 
not 
hav
e 
eno
ugh 
me
mo
ry 
to 
ope
n 
the 
ima
ge, 
or 
the 
ima
ge 
ma
y 
hav
e 
bee
n 
cor
rup
ted
. 
Res
tart 
you
r 
co
mp
ute
r, 
and  
the
n 
ope
n 
the 
file 
aga
in. 
If 
the 
red  
x 
still  
app
ear
s, 
you 
ma
y 
hav
e 
to 
del
ete 
the 
ima
ge 
and  
the
n 
ins
ert 
it 
aga
in.

2 t

4.0 t/mA
B

B

4

18

4

18

4

6
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2.0 m 6.0 m 2.0 m

4.0 m

2.0 m

4t/m

10t

5t 5t 5t

10t

10t

10t10t

18

Example of 
super position drawing



عند النقطھ المطلوب حساب  ton 1یتم ازالة الاحمال كلھا من على الكمرة ووضع  -2
.  عند طلب الدوران عند نقطھ، ورسم العزم علیھا 1t.mالھبوط عندھا فى اتجاه الحركة او 

D
6.0m 2.0m

1 t

A B
C

D
6.0m 2.0m

1 t

A B
C

D
6.0m 2.0m

1 t.m

A B
C

D
6.0m 2.0m

A B
C

1 t.m

For YD For θD

For θCFor YC

D
D

D

178
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 2والشكل المرسوم للمطلوب الاول بالخطوه  1یتم تكامل الشكل الاساسى بالخطوه  -3
:  والتكامل ھنا سیكون تكامل مساحات

بعض المساحات المطلوب  معرفة قیمتھا واماكن تركیزھا

h

L

L

L

L

L

h

h

h

h
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a

L

 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

b

L

b



181181

a

L

 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

b

L

b/2
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a

L

 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

b

L

2/3b
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a

L

 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

b

L

1/3b
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a

L

 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

c

b

L

d
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 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

b

L

b

L

WL2/8

2/3*wL2*L/8*b=wL3/12*b
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 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

L

WL2/8

2/3*wL2*L/8*b/2=wL3/24*b

b

L

b/2
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 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

b

L

b

a

L
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 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

a

L

b

L

b/2
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 dl
EI

MM ..
10

الارتفاع * تكامل المساحتین ھو عباره عن مساحة احدھم 
المقابل لمركز ھذه المساحھ على الشكل الثانى

b

L

L

a

5/8b

5/8L



بســــم اللـــــھ الرحمـــن الرحیـــم
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12.0m 3.0m

6 t

Required (1) the deflection at a, c.
(2) The rotation at point a, b, c, d.

And also draw elastic curve

2.0 t/mD B

C

B

A

EI=8000 t.m2
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Draw B.M.d-1
18

M0

2- For  y a

54

1 t

3.0

M1

الشكل ده سیتم تكاملھ 
مع كل الاشكال التالیھ
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m

dl
EI

MM

04725.0

3*2/1*12*54*
3
2

3
12*3*18

3
3*3*18

8000
1..

10

















18

3.0

3

18

3.0

12

3.0

54

3/2

12

ya=

فرضناھا لاسفل ومن الحسابات ) y a(عندما فرضنا الـ 
.سالبھ معناھا ان الحركھ عكس الاتجاه
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Draw B.M.d-1
18

M0

2- For  y c

54

1 t

3.0

M2

الشكل ده سیتم تكاملھ 
مع كل الاشكال التالیھ
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m

dl
EI

MM

081.0

3*8/5*6*54*
3
2*29*12*3*2/1

8000
1..

10

















18
12

54

3

yc=

فرضناھا لاسفل ومن الحسابات ) y c(عندما فرضنا الـ 
.موجبھ معناھا ان الحركھ بنفس الاتجاه

3 12
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18

M0

2- For  θ a

54

1.0

M3

الشكل ده سیتم تكاملھ 
مع كل الاشكال التالیھ

1 t.m

rad

dl
EI

MM

0146.0

5.0*12*54*
3
2

3
12*18*1

2
18*3*1

8000
1..

10







 θa=
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18

M0

2- For  θ b

54

1.0

M4

الشكل ده سیتم تكاملھ 
مع كل الاشكال التالیھ

1 t.m

rad

dl
EI

MM

018.0

5.0*12*54*
3
2

3
12*18*1

8000
1..

10







 θa=
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18

M0

2- For  θ d

54

1.0

M5

الشكل ده سیتم تكاملھ 
مع كل الاشكال التالیھ

1 t.m

rad

dl
EI

MM

0225.0

5.0*12*54*
3
2

6
12*18*1

8000
1..

10







 θa=
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18

M0

2- For  θ c

54

1.0

M6

الشكل ده سیتم تكاملھ 
مع كل الاشكال التالیھ

0.5

0.5
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12

0.5

0.5

تكامل الشكلین یعطى صفر لان النصف الشمال  
یعطى اشاره موجب والجزء الیمین یعطى اشاره 

سالب بنفس القیمھ وبالتالى المحصلھ صفر

18

0.5

0.5

9

 

rad001125.0

)18*5.0(*5.009*5.0*
3
6

3
6*9*5.0

8000
1







 θc=

66
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تربھ انتفاشیھ
Swelling soil

ھبوط الركائزھبوط الركائز::
.یحدث ھبوط الاعمده بسبب مشاكل التربھ تحت الاعمده*        
قد یحدث ایضا بسبب الحفر بجوار المنشأ والذى یسبب *         

.ھروب الماء من اسفل الاعمده           
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∑ (F * y + M * θ )= 0.0

.یتم ازالة كل الاحمال من الكمرة -1
.عند النقطة المطلوب حساب الھبوط عندھا 1tonیتم وضع  -2
. 1tonالناتج عن الـ  reactionیتم حساب الـ -3
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10.0 m
2.0 m

6.0 m

3.0 m

Required :     ∆vc and  ∆hd and  θa due to settlement at b = 2cm.

Example two c d

ea

b



205

1 t
For ∆vc

10.0 m
2.0 m

6.0 m

3.0 m

c d

ea

b

المطلوب ھو الازاحة 
cالرأسیھ عند النقطھ 

YB

YA

Xb
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Xb =      0.0   

∑ FX =     0.0 

YB * 10         =            1 * 8 
YB =            0.8

∑M A =0.0

YA + 0.8 =       1
YA =      0.2 

∑ FY =     0.0 
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1 t
d

ea

b

0.8

0.2

∆vc

0.02 m given
1 * ∆vc - 0.8 * 0.02 = 0.0
>> ∆vc   = 0.016 m

القوه عكس الازاحھ
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1 t

For ∆ hd

10.0 m
2.0 m

6.0 m

3.0 m

c d

ea

b

المطلوب ھو الازاحة 
dالافقیھ عند النقطھ 

YB

YA

Xb
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Xb =      1.0   

∑ FX =     0.0 

YB * 10         =            1 * 3 + 1 * 6 
YB =            0.9

∑M A =0.0

YA =       0.9

∑ FY =     0.0 
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ea

b

0.9

0.9

∆hd

0.02 m given1 * ∆hd + 0.9 * 0.02 = 0.0
>> ∆hd = - 0.018 m

1 t
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For θa

10.0 m
2.0 m

6.0 m

3.0 m

c d

ea

b

المطلوب ھو الازاحة 
dالافقیھ عند النقطھ 

YB

YA

Xb

1.0
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Xb =      0.0   

∑ FX =     0.0 

YB * 10         =            1 
YB = 0.1

∑M A =0.0

YA =       0.1

∑ FY =     0.0 
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ea

b

0.1

0.1

0.02 m given1 * θa + 0.1 * 0.02 = 0.0
>> θa = - 0.002 rad

1.0 θa
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>> ∆vc   = 0.016 m

>> θa = - 0.002 rad

>> ∆hd = - 0.018 m
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y or θ = α * dt * (Area of normal)

.یتم ازالة كل الاحمال من الكمرة -1
.عند النقطة المطلوب حساب الھبوط عندھا 1tonیتم وضع  -2
. 1tonالناتج عن الـ  normalیتم رسم الـ -3
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.

.int

.

...
2

.

1

2

1212

coeffiecntthermal
depthbeamh

temratureernalt
temratureexternalt

MomentofArea
h

ttNormalAreattory












 







 

 





t2

t1

h
L

.یتم ازالة كل الاحمال من الكمرة -1
.عند النقطة المطلوب حساب الھبوط عندھا 1tonیتم وضع  -2
. 1tonالناتج عن الـ  normalیتم رسم الـ -3
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10.0 m
2.0 m

6.0 m

3.0 m

Required :     ∆vc and  ∆hd and  θa due to uniform increase in 
temperature  equal 20o.     α =10-5

Example three c d

ea

b
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1 t
For ∆vc

10.0 m
2.0 m

6.0 m

3.0 m

c d

ea

b

المطلوب ھو الازاحة 
cالرأسیھ عند النقطھ 

YB

YA

Xb
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Xb =      0.0   

∑ FX =     0.0 

YB * 10         =            1 * 8 
YB =            0.8

∑M A =0.0

YA + 0.8 =       1
YA =      0.2 

∑ FY =     0.0 
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1 t
d

ea

b

0.8

0.2

-
1.0

-
0.8

N.F.D

= 10-5 * 20 * (-1*3-0.8*6)= -0.00156 m∆vc
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1 t

For ∆ hd

10.0 m
2.0 m

6.0 m

3.0 m

c d

ea

b

المطلوب ھو الازاحة 
dالافقیھ عند النقطھ 

YB

YA

Xb
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Xb =      1.0   

∑ FX =     0.0 

YB * 10         =            1 * 3 + 1 * 6 
YB =            0.9

∑M A =0.0

YA =       0.9

∑ FY =     0.0 
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ea

b

0.9

0.9

1 t

1

+ 
0.9

= 10-5 * 20 * (+0.9*6)= 0.00108 m∆hd
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For θa

10.0 m
2.0 m

6.0 m

3.0 m

c d

ea

b

المطلوب ھو الازاحة 
dالافقیھ عند النقطھ 

YB

YA

Xb

1.0
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Xb =      0.0   

∑ FX =     0.0 

YB * 10         =            1 
YB = 0.1

∑M A =0.0

YA =       0.1

∑ FY =     0.0 
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0.1

0.1

1.0

+ 
0.1

= 10-5 * 20 * (+0.1*6)= 0.00012 radθa



227

= -0.00156 m∆vc

= 0.00108 m∆hd

= 0.00012 radθa
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For the Shown Frame, Calculate the Vertical Deflection at C, 
Horizontal Deflection at D and Draw the Elastic Curve due to:

1- Given Loads.
2- Horizontal Movement at B =2cm to the Right.
3- Uniform Rise in Temperature 400.

2 t/m

A

CD E

B
6.0 m 6.0 m

6.0 m I

2I 2I

I

EI = 9000 t.m2.
α = 10-5.
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2 t/m

A

CD E

B
6.0 m 6.0 m

4.0 m
I

2I 2I

I

YBYA

XA XB

YA = YB     =     24/2=12 

∑ FY =     0.0 

XB*6.0  + 12*3  =  YB*6         >>>>      XB = 6  t

∑M cr =0.0

XA =      6.0   

∑ FX =     0.0 



23
1

2 t/m

A

CD E

B
6.0 m 6.0 m

6.0 m I

2I 2I

I

12

6.0

12

6.0

3636

99
-6

-12 -12

N0 M0
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1 t

A

CD E

B
6.0 m 6.0 m

4.0 m
I

2I 2I

I

YBYA

XA XB

YA = YB     =     1/2 

∑ FY =     0.0 

XB*6.0  =  YB*6         >>>>      XB = 0.5  t

∑M cr =0.0

XA =      0.5   

∑ FX =     0.0 
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A

CD E

B
6.0 m 6.0 m

6.0 m I

2I 2I

I

0.5

0.5

0.5

0.5

33

-0.5

-0.5

N1 M1

1 t

-0.5
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1 t

A

CD E

B
6.0 m 6.0 m

4.0 m
I

2I 2I

I

YBYA

XA XB

YA = YB     =     0.5

∑ FY =     0.0 

XB*6.0  =  YB*6         >>>>      XB = 0.5  t

∑M cr =0.0

XA =     1 - 0.5 = 0.5  
∑ FX =     0.0 

1*6.0  =  YB*12         >>>>      YB = 0.5  t

∑M a =0.0
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A

CD E

B
6.0 m 6.0 m

6.0 m I

2I 2I

I

0.5

0.5

0.5

0.5

3

3-0.5

-0.5

N2 M2

+0.5

1 t
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m
EI

EIEI
yc

066.0594

5.1*6*9*
3
2

3
6*3*36

2
1

3
6*3*361*2













 





3636

99

M0

33

M1
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0.0hd

3636

99

M0

3

3

M2

تكامل شكل متماثل مع شكل 
متماثل عكسى یساوى صفر
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mNormalofAreadtyc

NormalofArea

0048.012*40*10**

126*5.012*5.06*5.0

5 





-0.5

-0.5

N1

-0.5
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mNormalofAreadthd

NormalofArea

0024.06*40*10**

66*5.012*5.06*5.0

5 





-0.5

-0.5

N2

+0.5
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0.5

0.5

0.5

0.5t

1 t

yc

0.02m

myc
yc

01.0
0.002.0*5.0*1






241241

0.5t0.02m

mhd
hd

01.0
0.002.0*5.0*1




0.5

0.5

0.5

1 t hd
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For the Shown Frame, Calculate the Rotation at Point D due to:
1- Given Loads.
2- Rotational Settlement at A = 1 rad.
3- Rise in Temperature 300 in All Members.

3.0 m

A

4.0 m

EI = 10000 t.m2.
α = 10-5.

C
D

B

2 t/m

3.0 m

243



12

36

N0 M0

3.0 m

A

4.0 m

C D

B

2 t/m

3.0 m36

-12

244
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1
M1

N1

+1

3

3

-0.8
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1M2

N2

-1

4 4

+0.6
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



  4*3*36

3
6*3*36

6
6*3*361

EI
yc

36

M0M1

3

3
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36

M01M2

4 4





 

2
4*4*364*6*9*3/2

2
6*4*361

EI
yc

9
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00*30*10**

0.04*15*8.0

5 



NormalofAreadtyc

NormalofArea



N1

+1 -0.8
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



 3*30*10**

36*15*6.0

5NormalofAreadthd

NormalofArea



N2

-1

+0.6
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cmyb
yb

3
0.01*3*1




1

موجب یعنى مع عقارب الساعھ

yb

1 rad

3
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0
0.01*0*1




xb
xb

1

xb

1 rad

0



4.0 m

A

3.0 m

C D

E

3 t/m

4.0 m

The 
image  
cannot be 
displayed
. Your 
comput

The 
image  
cannot be 
displayed
. Your 
comput

12 t

For the Shown Frame, Calculate: 
1- horizontal displacement at D.
2- vertical displacement at E.
3- rotation at C.

EI = 10000 t.m2.
253



4.0 m

A

3.0 m

C D

E

3 t/m

4.0 m

The 
image  
cannot be 
displaye…

The 
image  
cannot be 
displaye…

12 t

Yc

Xc

Xa

Ma

Ya

Yc * 4    =    12*2   >>    Yc = 6.0 
∑MDR = 0.0

6*8+Xc*3-12*6=0  >>>    Xc = 8.0 

∑ME up = 0.0

Xa =      8.0   
∑ FX = 0.0 

Ma – 8*3 – 12*2 – 12*4 = 0.0   >>   Ma =  96 
∑MA =0.0
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4.0 m
A

3.0 m

C D

E

3 t/m

4.0 m
The 
image  
cannot be 
displaye

The 
image  
cannot be 
displaye

12 t

6

8

8

96

18

The 
image  
cannot be 
displaye…

The 
image  
cannot be 
displaye…

3

48

48

M0

255
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A

C

E
The 
image  
cannot be 
displaye

The 
image  
cannot be 
displaye

1

0

0

0

The 
image  
cannot be 
displaye…

The 
image  
cannot be 
displaye…

M1

1

0

zero

zero
zero
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A

C

E
The 
image  
cannot be 
displaye

The 
image  
cannot be 
displaye

0

The 
image  
cannot be 
displaye…

The 
image  
cannot be 
displaye…

M2

1

0

zero
zero8
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A

C

E
The 
image  
cannot be 
displaye

The 
image  
cannot be 
displaye

The 
image  
cannot be 
displaye…

The 
image  
cannot be 
displaye…

M3

0.25

zero

1

For θc 1

1

1

1
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The 
image  
cannot …

3

48

48

M0

0.0hd

The 
image  
cannot be 
displaye

The 
image  
cannot …

M1

zero
zero

zero
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image  
cannot …

The 
image  
cannot …
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48

48

M0

The 
image  
cannot be 
displaye…

The 
image  
cannot be 
displaye…

M2

zero
zero8

  



  )4*48(5.08*48
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4

3
8*8*481

EI
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3

48

48

M0

  

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
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1

1
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خطوات الحلخطوات الحل::
.  .  المعطىالمعطى   truss trussعلى الـعلى الـ   normal normalیتم رسم الـیتم رسم الـ  --11

Find  N0

.  .  trusstrussعلى الـعلى الـ   normal normalورسم الـورسم الـ  tonton11یتم ازالة الاحمال وضع حمل یتم ازالة الاحمال وضع حمل   --22

Find  Nd

EA
LNN

dl
EA

NN  
)..(

.. 1010ωinternal  =

  22والشكل المرسوم للمطلوب الاول بالخطوه والشكل المرسوم للمطلوب الاول بالخطوه   11یتم تكامل الشكل الاساسى بالخطوه یتم تكامل الشكل الاساسى بالخطوه   --33
    ::والتكامل ھنا سیكون تكامل مساحاتوالتكامل ھنا سیكون تكامل مساحات

N0

L

N1

L

N1

  trusstrussفى الـ فى الـ    normal normalكل رسومات الـكل رسومات الـ
تكون عبارة عن مستطیلاتتكون عبارة عن مستطیلات

264
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265

1 t

1/4 t

1/4 t

1 t1 t

vcfor 

C

hcfor 

C

abfor 

b

a

4 m

ba

)(abrelfor
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مراجعـــــــــــــة سریعـــــــــــــــــــھ على بعض 
المصطلحـــــــات مـــن المعلومـــــات السابقـــة
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∑ FX =     0.0 

∑ FY =     0.0 

∑M A =   0.0

ثلاث معادلات وثلاث مجاھیل

∑ FX =     0.0 

∑ FY =     0.0 

خمس معادلات وخمس مجاھیل

∑M A =   0.0

∑M CR =   0.0
∑M DR =   0.0

The image cannot be  
displayed. Your computer  
may not have enough 
memory to open the image,  
or the image may have  
been corrupted. Restart  
your computer, and then 
open the file again. If the …

C
The image cannot be  
displayed. Your computer  
may not have enough 
memory to open the image,  
or the image may have  
been corrupted. Restart  
your computer, and then 
open the file again. If the …

D
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∑ FX =     0.0 

∑ FY =     0.0 

اربع معادلات واربع مجاھیل

∑M A =   0.0

∑M CR =   0.0

The image cannot be  
displayed. Your computer  
may not have enough 
memory to open the image,  
or the image may have  
been corrupted. Restart  
your computer, and then 
open the file again. If the …

C

∑ FX =     0.0 

∑ FY =     0.0 

خمس معادلات وخمس مجاھیل

∑M A =   0.0

∑M CR =   0.0
∑M DR =   0.0

The image cannot be  
displayed. Your computer  
may not have enough 
memory to open the image,  
or the image may have  
been corrupted. Restart  
your computer, and then 
open the file again. If the …

C

The image cannot be  
displayed. Your computer  
may not have enough 
memory to open the image,  
or the image may have  
been corrupted. Restart  
your computer, and then 
open the file again. If the …

D



269

Zero members

The 
ima
ge a

•Joint
• No loads
• Only two members
• The two members are zeros

The 
ima
ge 

a
•Joint 

• No loads
عنصرین فى اتجاه واحد والثالث مخالف •
• 0.0= العنصر الثالث 

The 
ima
ge 

a

•Joint 
قوة باستقامة عنصر والثالث مخالف •
• 0.0= العنصر الثالث 

•Example

Y
zero
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Some famous joints

10

Joint one
1

2F1 =10

F2 =0.0

10

1

θ

4 m

3 m

2

Joint two
F1

10

0.8F1

0.6F1

F2

∑ Fy = 0 
0.8F1 – 10 = 0
F1 = 12.5

∑ Fx = 0 
12.5 * 0.6 – F2 = 0
F1 = 7.5

θ



271271

Joint three

F1 =15

F2 =10

Joint four

10

10

12

15

1F1 =15



b

f

a

4 m 4 m

3 m

3 m

12 t

272

c

d

e
12 t

)(),(,
Re

fbandferelvc
quired



EA=10000 t
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N0

N1

0.830.83

0.67 0.67

12 t12 t

15 t15 t

15 t 15 t

9 t9 t

12 t 12 t

1 t

1
0.50.5
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N2

N3

1 t1 t

1.251.25

1.25 1.25

.75.75

1 1
1/6

0.2

0.2

0.125

0.167 0.167
1/6

1/81/8



N0 N3LN0 N2LN0 N1LN3N2N1N0Lmember
848320.16710.67124Ac
848320.16710.67124Cb
040.5000.75096Ae
00000103Cd

6.7540.500.1250.75096Bf
15.62593.7562.5-0.2-1.25-0.83-155Ad
15.62593.750-0.2-1.250-155Df

093.7562.50-1.25-0.83-155Bd
093.7500-1.250-155De
54552189∑

EAEA
LNNfb

EAEA
LNNferel

EAEA
LNNvc

54)(

552)(

189

30

20

10



















275
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∑ (F * y + M * θ )= 0.0



277

1

0.5
0.5

للمثال السابق
اذا كان المطلوب الثانى ھو 

cmBatsettelmenttoduefbandferelvc
quired

2)(),(,
Re



0.02 m
∆vc

1 * ∆vc - 0.5 * 0.02 = 0.0
>> ∆vc   = 0.01 m



278

1 t1 t

1 * ∆rel(ef) - 0 * 0.02 = 0.0
>> ∆rel(ef) = 0.0

1 * θfb + 1/8 * 0.02 = 0.0
>> θfb = 0.0025 rad

1/6

1/6

1/8
1/8

0.02

0

0.02



y or θ = α * dt * (Area of normal) = α * dt *∑ (N*L)

للمثال السابق
اذا كان المطلوب الثالث ھو 

membersallintempinriseuniformtoduefbandferelvc
quired

)(),(,
Re


279



N3LN2LN1LN3N2N1N0Lmember
0.6742.680.16710.67124Ac
0.6742.680.16710.67124Cb

04.5000.75096Ae
00300103Cd

0.754.500.1250.75096Bf
-1-6.25-4.15-0.2-1.25-0.83-155Ad
-1-6.250-0.2-1.250-155Df
0-6.25-4.150-1.25-0.83-155Bd
0-6.2500-1.250-155De

0.083-12.50.0∑

83.0*40*10)(..)(
5.12*40*10)(..)(

00*40*10)(..

5

3

5

2

5

1


















LNtfb
LNtferel

LNtvc






280



ba

4 m

3 m

10 t

281

c

acmemberintempratureinriseuniform
cmbatsettelment

loadsgiven
hcquired

0203
22

1
Re







EA=10000 t
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N0

N1

10 t

12.5 t
7.5 t

1.0 t

1.25 t
0.75 t

0.750.75

1.0 t

7.57.5

10 t



N1LN0 N1LN1N0Lmember
0004AB

22.50.757.54BC
-7.593.75-1.25-12.56CA
-7.5116.25∑

EAEA
LNNhc 25.116

10  

5.7*20*10).(. 5

1
  LNthc 

1 * ∆hc + 0.75 * 0.02 = 0.0
>> ∆hc   = - 0.015 m

0.75
0.75

1.0 t

1

0.02 m

∆hc

Given loads

temperature

settlement

لم یتم حساب القیم ھنا لان ھذه العناصر 
لم یحدث فیھا تاثر بالحراره

283
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For the shown truss determine the horizontal displacement at point 
1 and relative displacement between 2 and 3 due to:
1- Given Load.
2- Settlement at B=1.5 cm.
3- Rise In Temperature 300 In Chord AB2.
EA=10000 ton   α =10-5

BA

4 m

3

4 m

6 t4 m

1

2

6 t

284



6 t6 t

285

N0

N1

BA

31

2

6 t

6 t

8.5 t

6 t

6 t

1 t

BA

31

2

1 t

1 t

1 t

1 t

1 t

1.4 t



1 tN2

1 tBA

31

2

1.4 t

1 t

1 t
1.4 t

1 t

N2LN1LN0 N2LN0 N1LN2N1N0Lmember
04000104AB
-40240-10-64B2

00-100413
24-24-11-64B1
000-1.407A1 
001.4007B3
8401.408.5712

-44132-24∑
286



10000
241 10


 

EA
LNNh

4*30*10).(.1 5

1

  LNth 

1 * ∆h1 + 1 * 0.015 = 0.0
>> ∆h1   = - 0.015 m

Given loads

temperature

settlement

10000
13223 20  

EA
LNN

4*30*10).(.23 5

1
  LNt

.015

∆h1

1 t

1 t

1 t
1 t

1 * ∆23 + 0 * 0.015 = 0.0
>> ∆h23   = 0.0

.015

1 t

0

287
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For the shown truss determine the vertical deflection E and   the 
rotation of member CD due to:
1- Given Load.
2- Vertical and horizontal movement at A =2cm downward and 3cm 
to the left.  L/EA=.003 cm/t.

2 t

4 m 4 m

4 m

3 m

4 m 4 m 4 m 4 m 4 m

4 m

3 t3 t2 t

A B
C

D

E
F

3 4 5 6

21



2.2

6.6

4.4 6.6

4.4

289

N0 2 t3 t3 t2 t

5

4 m 4 m

3 m

3 m

4 m 4 m 4 m 4 m 4 m

3 m

A B

C

D

E F

1.330.33

2.75

2.2

1.671.65
2.75 2.75

1.65 1.65



.88 1.32

1

290

N1

4 m 4 m

3 m

3 m

4 m 4 m 4 m 4 m 4 m

3 m

A B

C

D

E F

1t

1.330.33

.55

.44

1.67.33

.44

.55 .55.33 .33

.88 1.32



.33

.14

.11

.084

.11

.14 .14

.22
.084 .084

.33

.22

291

N2

4 m 4 m

3 m

3 m

4 m 4 m 4 m 4 m 4 m

3 m

A B C

D

E
F

1/121/12

1/3 t

1/3 t.33



N0 N2N0 N1N2N1N0member

-0.2420.9680.11-0.44-2.2A1

-0.9683.8720.22-0.88-4.412

-2.1788.7120.33-1.32-6.62b

000.330.00.0bc

000.00.00.034

0.2420.9680.110.442.245

0.9683.8720.220.884.456

2.1788.7120.331.326.66d

0000.00.0A3

-0.13860.550.084-0.33-1.6514

-0.13860.550.084-0.33-1.6525

-0.13860.550.084-0.33-1.65B6

0000.00.0Cd

1.511.50.140.552.75A4

1.511.50.140.552.7515

1.511.50.140.552.7526

02.780-1.67-1.67bd

050-1.0-5.0dE 

4.1136.2∑

11.4*003.0*)(

2.36*003.0*

20

10





NN
EA
Lfb

NN
EA
Lve





292
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1 * ∆vE + 0.33 * 0.02 + 0 * .03= 0.0
>> ∆vE   = - 0.0066 m

4 m 4 m

3 m

3 m

4 m 4 m 4 m 4 m 4 m

3 m

A B

E F

1t

1.330.33



4 m 4 m

3 m

3 m

4 m 4 m 4 m 4 m 4 m

3 m

A B C

D

E

1/121/12

1/3 t

1/3 t

1 * θDC – 1/12 * 0.02 + 0 * .03= 0.0
>> θDC = 0.0016 m

294



295

For the shown truss determine the vertical deflection E and   
horizontal displacement at D due to:
1- Given Load.
2- Settlement Of Support A=2cm And Horizontal Displacement At 
Support C=3cm To The Right.
3- Rise In Temperature 300 In All Members  EA=10000 ton   α =10-5

B

D

A

4 m 4 m

3 m

E

C

3 m

10 t

4 m 4 m 4 m

F

1

2

3 4 5

6
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N1

N0

A

B

D

C

10 t13.313.313.3

16.6

16.6

10

10

16.6

16.6

A

B

D

C

1 t1.331.331.33

1.66

1.66

1

1

1.66

1.66



N2

A

B

D

C

0.75

0.75

1.25

1.25

1.0

297



298

N2LN1LN0 N2LN0 N1LN2N1N0Lmember

00000004A2

000000042b

0000000413

0000000445

05.33071.1101.3313.34Df

05.33071.1101.3313.34F6

05.33071.1101.3313.346e

0000000321

-2.25-322.530-0.75-1.0-103B3

-2.25-322.530-0.75-1.0-1033d

00000003C4

000000034f

0000000356

00000005B1

000000055f

6.258.33104138.91.251.66716.675A1

6.258.33104138.91.251.66716.6751d

0-8.330138.90-1.667-16.675C5

0-8.330138.90-1.667-16.6755e

810253768.8∑298



10000
8.768

10  

EA
LNNve

10*30*10).(. 5

1

  LNtve 

1 * ∆ve + 3 * 1.33 -1*2 = 0.0
>> ∆ve   = - 2 cm

Given loads

temperature

settlement

10000
253

20  

EA
LNNhd

8*30*10).(. 5

1

  LNthd 

1 * ∆hd + 0.75 * 2 + 3*0= 0.0
>> ∆hd   = -1.5 cm

299



For the Shown Frame, Calculate the Rotation at Point D due to:
1- Given Loads.
2- Settlement at A =2cm.
3- Rise in Temperature 300 in All Members.

12 t.m

6.0 m3.0 m3.0 m

3 t

2t

4.0 m

4.0 m

3.0 m

A

C

D

G
F

E

B EI = 10000 t.m2.
α = 10-5.

300



∑ FX =     0.0 

∑ FY =     0.0 

∑M A =   0.0

∑M CL =   0.0

3*4+2*12-12-YB*12=0    >>  YB= 2.0 t

YA = 2-2 = 0.0

0*3 - XA*4 =0.0   >>  XA = 0.0

XB = 3.0

12 t.m

6.0 m3.0 m3.0 m

3 t

2t

4.0 m

4.0 m

3.0 m

A

C

D

G
F

E

XB

YB

12
12

12

M0
301



N1

1 t.m

C

D

G

E

1/16

1/12

1/16

1/12

1.0

M1

For θd

302



303

rad
EI

d 410*4
3

10*12*11 





1.0

M1

12
12

12

M0



304
005.1*30*10**

05.110*104.010*209.0

5 



NormalofAreadt

NormalofArea

d 

N1
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radd

d

0167.0
0.002.0*12/1*1







0.02

θd

1 t.m

C

D

G

1/16

1/12

1/16

1/12



For the Shown Frame, Calculate the Rotation at D, Horizontal 
Displacement at B and Vertical Deflection at G due to:

1- Given Loads.
2- Downward Settlement at A = 2cm.

EI = 12000 t.m2

3 t/m

6.0 m

A

6.0 m

C D

B

6 t/m

6.0 m

3 t/m
3.0 m

F

H K

G

3.0 m

306



54

13.5

27

13.5
40.5

108

M0

307



For ∆vg

155.03*8/5*6*108*
3
225.13*12*3*

2
11















EI
vg

M1

1 t

3.0

0.50.5

308



For θd

rad
EI

d 004.05.0*12*108*
3
2

6
12*27*11















M2
1/12

1/12

309



For ∆hb

m
EI

hb 513.06*12*108*
3
2

2
12*6*271





 

M3

1 t

6.06.0

310



0.02 m

For ∆vg 1 t

0.5
0.5 t

∆vg

mvg
vg

01.0
0.002.0*5.0*1




311



For θd

1/12
1/12
0.02 m

θd

radd

d

0167.0
0.002.0*12/1*1







312



For ∆hb

1 t

0.02 m

∆hb

0.0

0.0
0.002.0*0.0*1




hb
hb

313



بســــم اللـــــھ الرحمـــن الرحیـــم

314



315

12.0m 6.0m

16 t2.0 t/m

10 t4.0 t/m

1 t
δ 10

δ 11

support  =δالھبوط حالة عدم وجود  10

δ= لاعلى  1tحالة وجود  deformationالـ  11

R*δ= كامل لاعلى reactionحالة وجود  deformationالـ  11 

12.0m 6.0m

16 t2.0 t/m

support   =0.0الھبوط النھائى عند ھذا الـ 

>>>               δ 10 + R * δ 11 = 0.0  

 supportبعد دراسة الھبوط ھى ان اى )   indeterminate structures(الھدف من دراسة المنشآت 
یضاف للكمرة سیتسبب فى زیادة معادلة للھبوط عند ھذه النقطھ  وبالتالى یمكن استخدامھا لحساب المجاھیل الزیاده



خطوات الحلخطوات الحل::
الزیاده على الكمرة المعطاه  reactionوذلك بازالة الـ  main systemیتم عمل  -1

.  بشرط انھا تبقى متزنھ

12.0m 6.0m

16 t2.0 t/m

316

Example 1

X

main system

Draw B.M.D , S.F.D, and N.F.D     EI = 10000



2- draw ( M0 )  [ loads + X=0]

12.0m 6.0m

16 t2.0 t/m

317

1

3- draw ( M1 )  [ no loads + X=1 ]

12.0m 6.0m

48

36
6

3

M0 M1
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m
10000

648

))48*3(*5.048*6(*
3
36*2/1*12*36*

3
2

3
12*6*48

10000
1

10







 








M1  =δمع  M0تكامل  10
48

36

6
3

m
10000

216
3

6*6*6
3

12*6*6
10000

1
11







 

M1  =δمع  M1تكامل  11

6

6
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3

tonXX

X

30.0
10000

216*
10000

648
0.0. 1110



 

XA

YA YB

12.0m 6.0m

16 t2.0 t/m

∑ FX =     0.0 

∑ FY =     0.0 

∑M A =   0.0

24 * 6 + 16 * 15 – YB *12 – 3 * 18 =0    >>  YB = 27.5 t

YA = 24 + 16 - 27.5 - 3 = 9.5

XA = 0.0
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3

0

9.5 27.5

12.0m 6.0m

16 t2.0 t/m

- 3

+ 13

14.5

9.5

ZERO

30

9

N.F.D

S.F.D

B.M.D



حل اخرحل اخر::

321

X

main system

2- draw ( M0 )  [ loads + X=0]

12.0m 6.0m

16 t2.0 t/m

1

3- draw ( M1 )  [ no loads + X=1 ]

12.0m 6.0m

64

36

4

M0
M1

21.3

80
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m
10000
2640

3/3*64*2))80*264*4(*5.02*6480*4(*
3
32*12*36*

3
2

3
12*4*80

10000
1

10


















M1  =δمع  M0تكامل  10

m
10000

96
3

6*4*4
3

12*4*4
10000

1
11







 

M1  =δمع  M1تكامل  11

4

64
36

80

4

4

2
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27.5

tonXX

X

5.270.0
10000

96*
10000
2640

0.0. 1110



 

XA

YA YB

12.0m 6.0m

16 t2.0 t/m

∑ FX =     0.0 

∑ FY =     0.0 

∑M A =   0.0

24 * 6 + 16 * 15 – Yc * 18 – 27.5 * 12 =0    >>  Yc = 3.0 t

YA = 24 + 16 - 27.5 - 3 = 9.5

XA = 0.0
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3

0

9.5 27.5

12.0m 6.0m

16 t2.0 t/m

- 3

+ 13

14.5

9.5

ZERO

30

9

N.F.D

S.F.D

B.M.D



12.0m 6.0m

16 t2.0 t/m

325

Example 2

X

main system

Draw B.M.D , S.F.D, and N.F.D     EI = 10000

K=100 t/m

spring   =Δ  =R / kالھبوط النھائى عند ھذا الـ 

>>>               δ 10 + R * δ 11 = - R / K

>>>               δ 10 + R * ( δ 11 + 1/k) = 0 



2- draw ( M0 )  [ loads + X=0]

12.0m 6.0m

16 t2.0 t/m

326

1

3- draw ( M1 )  [ no loads + X=1 ]

12.0m 6.0m

48

36
6

3

M0 M1
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m
10000

648

))48*3(*5.048*6(*
3
36*2/1*12*36*

3
2

3
12*6*48

10000
1

10







 








M1  =δمع  M0تكامل  10
48

36

6
3

m
10000

216
3

6*6*6
3

12*6*6
10000

1
11





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Example 3

main system

Draw B.M.D , S.F.D, and N.F.D     EI = 10000
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ima
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8 t2.0 t/mX



2- draw ( M0 )  [ loads + X=0]
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3- draw ( M1 )  [ no loads + X=1 ]
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Example 4

main system

Draw B.M.D , S.F.D, and N.F.D     EI = 10000

8 t2.0 t/mX

12.0m 3.0m

2.0 t/m
8 t



2- draw ( M0 )  [ loads + X=0]
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3- draw ( M1 )  [ no loads + X=1 ]
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Example 5

main system

Draw B.M.D , S.F.D, and N.F.D     EI = 10000
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2- draw ( M0 )  [ loads + X=0]
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3- draw ( M1 )  [ no loads + X=1 ]
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Example 1

main system

Draw B.M.D , S.F.D, and N.F.D     EI = 10000

12.0m 6.0m

16 t2.0 t/m

X1 X2

6.0m

16 t

12.0m 6.0m

16 t2.0 t/m

6.0m

16 t



2- draw ( M0 ) 
[ loads + X1=0 & x2=0 ]

3- draw ( M1 ) 
[ no loads + X1=1 + X2=0 ]
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48

M1

12.0m 6.0m6.0m

6

1t

M2
12.0m 6.0m6.0m

61t

2- draw ( M2 ) 
[ no loads + X1=0 & x2=1 ]
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main systemحل اخرحل اخر::

X X

12.0m 6.0m

16 t2.0 t/m

6.0m

16 t

استخدام التماثل

2- draw ( M0 ) 
[ loads + X=0]

3- draw ( M1 ) 
[ no loads + X=1]
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12.0m 6.0m
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zero10
loadsgiveninsamethe11
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

 MN A
h

ttAtt .)(..)
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(. 1221
10 

loadsgiveninsamethe11
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δ 10 + R * δ 11 = 0.0

δ 10 + R * δ 11 = 0.0



2- draw ( M0 )  [ loads + X=0]

12.0m 6.0m

16 t2.0 t/m
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3- draw ( M1 )  [ no loads + X=1 ]
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∑ FX =     0.0 

∑ FY =     0.0 

∑M A =   0.0 YB *12 – 2.78 * 18 = 0    >>  YB = 4.17 t
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∑ FX =     0.0 

∑ FY =     0.0 

∑M A =   0.0 YB *12 – 2.78 * 18 = 0    >>  YB = 4.17 t

YA = 4.17 – 2.78 = 1.39
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Draw B.M.D , S.F.D, and N.F.D     EI = 6000 t.m2       α = 10-5

Due to   (1) given loads.
(2) settlement at A = 2cm.
(3) uniform rise in temperature equals 200

(4)  t1=20 , t2=40  and h = 0.6m
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2.0 m
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Main System
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2- draw ( M0 )  [ loads + X=0]
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3- draw ( M1 )  [ no loads + X=1 ]
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closed frameحالة وجود 
 

یكون ھناك ثلاثة مجاھیل اضافیھ وھى

Normal 

Shear 

Bending 

x1

x1

x2

x2

x3
x3
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حـــالة وجـــــود تمــــاثل

Normal 

Bending 

x1

x1

x3
x3

( shear = zero )عند خط التماثل یكون الـ 

P P
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link memberحـــالة وجـــــود 

Normal 

x1 x1

( normal force )یكون المجھول الوحید بھا ھى الـ 
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x1 x1
P P

حـــالة وجـــــود تمــــاثل

Normal 

Bending 

( shear = zero )عند خط التماثل یكون الـ 
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المثــــــال الاول

12 12

w t/m
6.0m2.0m 2.0m

4.
0m

Draw B.M.D , S.F.D, and N.F.D     EI = 6000 t.m2  
Due to   (1) given loads



6 W  =  24 
W = 4 t/m

Main System
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المثــــــال الثانى

Draw B.M.D , S.F.D, and N.F.D     EI = 6000 t.m2  
Due to   (1) given loads

12 24
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كمل نفس المثال السابق
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4 m

3 m

1

76
3 t 6 t 3 t

8

432 5

For the shown truss determine find the forces in all members due to:
1- Given Load.
2- Settlement at (point5)=1.5 cm.
3- drop In Temperature 300.

EA=40000 ton   α =10-5

4 m 4 m 4 m
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72.36*
40000

2.97
0.0. 1110



 

1010 65.2* NNNFNNF 
Given loads

یتم عمل الحسابات فى الجدول فقط



391391

  0.0).1(..10 LNt

40000
72.36

11  loadgiven

00.0
40000

72.36*0

0.0. 1110





FF

X 

0* 1  NFNF

Temprature

یتم عمل الحسابات فى الجدول فقط



392392392

0.010 

40000
72.36

11  loadgiven

00.0
40000

72.36*0

0.0. 1110





FF

X 

0* 1  NFNF

Temprature

یتم عمل الحسابات فى الجدول فقط

 settlementفانھ لا یتأثر بالحرارة ولا الـ  determinateلاحظ انھ عندما یكون المنشأ خارجى 



393

3 m

21
3 t 6 t 3 t

3

BA
C

For the shown truss determine find the forces in all members due to:
1- Given Load.
2- Settlement at B=1.5 cm.
3- drop In Temperature 300 In Chord AB2.

EA=10000 ton   α =10-5

4 m 4 m
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main system

3 t 6 t 3 t

X2

X2X2

X2

X1
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N0
N1

3 t 6 t 3 t

1

1

11

1

1

5
0.5

5

1

6

0.6 1.2 0.6

66

44

.83.83

0.670.67

0.5

N2

0.80.8

0.80.8

0.5 0.5



NFNFNFN2LN1LN2 N1LN2 N2LN1 N1LN0 N2LN0 N1LN2N1N0Lmember

-3.2002.56000-0.8004AB
-3.2002.56000-0.8004BC
-3.22.67-2.132.561.7712.8-10.67-0.80.67-441-2
-3.22.67-2.132.561.7712.8-10.67-0.80.67-442-3
-1.81.5-0.91.080.7510.8-15-0.60.5-63A-1
-3.6004.32021.6-15-1.20-63B-2
-1.81.5-0.91.080.7510.8-15-0.60.5-63C-3

50050001005A-2
5-4.15-4.16653.4725-20.831-.8355B-3
5-4.15-4.16653.4725-20.831-.8355B-1
50050001005C-2
00-14.436.7512118.8-108∑

Given loads

settelment
temprature

396



397

10000
10810

10  
EA

LNN


0.0..
0.0..

22221120

12211110







XX
XX

210 55.066.9 NNNNF 
Given loads

یتم عمل الحسابات فى الجدول فقط

10000
8.11820

20  
EA

LNN


10000
1211

11  
EA

LNN


10000
75.3622

22  
EA

LNN


10000
4.1421

12  
EA

LNN


>> x1=9.66 & x2=0.55
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0FN
Temprature

یتم عمل الحسابات فى الجدول فقط

00*30*10 5
10  

0.0..
0.0..

22221120

12211110







XX
XX

00*30*10 5
20  

10000
1211

11  
EA

LNN


10000
75.3622

22  
EA

LNN


10000
4.1421

12  
EA

LNN


>> x1=0 & x2=0



399399399

210 25.96.23 NNNNF 
Temprature

یتم عمل الحسابات فى الجدول فقط

0.010 

0.0..
015.0..

22221120

12211110







XX
XX

0.020 

10000
1211

11  
EA

LNN


10000
75.3622

22  
EA

LNN


10000
4.1421

12  
EA

LNN


>> x1=-23.6 & x2=-9.25
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401401

4 m

3 m

For the shown truss determine find the forces 
in all members due to:

EI beam=6000 ton         EAbeam=2400 ton EAlink=4000 ton

4 m 4 m 4 m

1.5t/m
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4 m

3 m

4 m 4 m 4 m

1.5t/m

X

main system
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F0

48

4 m

3 m

4 m 4 m 4 m

1.5t/m

zero
N0

M0

zero
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F1

3.0

4 m

3 m

4 m 4 m 4 m

N1

M1

1.0

0.625 0.625 0.625 0.625

1.0

- 0.5

0.625

0.5

0.375



16.00.00.02*3*8/5*8*48*
3
2

6000
1

10 1010
10







  EA
LFF

EA
LNN

EI
MM

tonXX
X

74.110.00136.0*16.0
0.0. 1110


 

    0136.08*14*5*625.0
4000

116*5.0*5.0
2400

12*
3

8*3*3
6000

1 2

111111
11







  EA
LFF

EA
LNN

EI
MM
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1110 4.114.1104.11 FFFFFF 

1110 4.114.1104.11 NNNNNF 

Ff
7.125 7.125 7.125 7.125

11.4

N1 - 5.7

7.125

5.7

4.275
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10 4.11 MMM F 

7.125

5.7

4.275
7.7257.725 9.45

7.725

4.275

4.275

7.725

13.8
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409

Forced deformation 
virtual workبطریقة الـ  main systemھى تحویل الھبوط المعطى الى المكان المأخوذ فى الـ  

A B C

6 m 12 m

Given settlement at b =2cm

Required deflection at C

A B C

6 m 12 m

1

3
0.02Δc * 1 – 3 * 0.02 = 0.0

Δc = 0.06
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A B C

6 m 12 m

Given settlement at b =2cm

Required slope at A

A B C

6 m 12 m

1

1/6

0.02θA * 1 – 1/6 * 0.02 = 0.0
θA = 0.0033

The image  
cannot be 
displayed. Your  
computer may 
not have 
enough 
memory to 
open the 
image, or the  
image may  
have been 
corrupted. Re…

The image  
cannot be 
displayed. Your  
computer may 
not have 
enough 
memory to 
open the ima …



Draw B.M.D , S.F.D, and N.F.D     EI = 6000 t.m2

Due to   (1) given loads.
(2) rotation at B = 0.003 rad clockwise.

2.0 m

3.
0 

m

6.0 m

2 t/m

A

C

2.
0 

m

B 2 t

1 t

411



2.0 m

3.
0 

m

6.0 m

2 t/m

A

C

2.
0 

m

B 2 t

1 t

X

Main System

412



2- draw ( M0 )  [ loads + X=0]

413

3- draw ( M1 )  [ no loads + X=1 ]

9

M0

2 t/m

A

C

B 2 t

1 t

A

C

B

M1

2

46

32 1t

6



414

6000
6483*6*9*3/2))6*6(*5.060*6(*

3
6

6000
1

10 



 

m
6000
72

3
6*6*6

6000
1

11 





tonXX

X

90.0
6000

72*
6000
648

0.0. 1110



 

2 t

1 t

9t

2 t/m

6t

6 t.m
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9.0

N.F.D S.F.D

B.M.D

1.0 6

6

2

1

2

4
66
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0.010 

m
6000
72

11 

AX  1110 .

ΔAوالموجود فى المعادلة   θBلاحظ ان المعطى ھو 
virtual workبطریقة الـ Aالى ھبوط عندِ   Bفیتم نقل الدوران عند 

C

B

1

12

ΔA

0.003

0.003 * 12 + 1 * ΔA= 0.0
Δ A = - 0.036 

036.0
6000
72.0.0  X

tonX 3
6000

72. 



417417

+3
N.F.D

S.F.DB.M.D

3
36

3

3

36



Draw B.M.D , S.F.D, and N.F.D     EI = 5000 t.m2

Due to   (1) settlement at A 2.5 cm .
(2) settlement at B 1.0 cm . 
(3) settlement at C 1.5 cm .
(4) settlement at E 3.0 cm .

4.0 m

CBA D

6.0 m 6.0 m 4.0 m 2.0 m

EF

418



X1

Main System

CBA D

لا یتأثر determinateالجزء الـ 
Eبالھبوط وبالتالى یتم حذف الھبوط عند  

X2

419



420

Direct settelment

ΔB= - 1.0 cm
ΔC= - 1.5 cm

Forced deformation settelment
B, Cالى  Aنقل الھبوط عند 

0.625*0.025+1* ΔB=0
ΔB= - 0.0156

0.25*0.025+1* ΔC=0
ΔC= - 0.00625

10.025

0.625

10.025

0.25

ΔB = -0.01 - 0.0156 = - 0.0256 m 

ΔC = -0.015 - 0.00625 = - 0.02125 m 
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1

1

M1

M2

3

3.75

m0102.0

]]75.3*35.1*5.1[*5.05.1*375.3*5.1[
3
6

3
4*5.1*0.3

3
6*5.1*75.3

5000
1

12







 

  m015.03/10*75.3*75.33/6*75.3*75.3
5000

1
11 

m0096.0
3

4*3*3
3

12*3*3
5000

1
22 



 

1.5

1.5
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C

B

XX
XX




22221120

12211110

..
..



02125.00096.0.0102.0.0.0
0256.00102.0.015.0*0.0

21

21




XX
XX

X1 = -0.726

X2 = -1.44
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CBA D

0.726 1.44 0.8161.35

ZERO

1.35
0.816

0.624

8.1 3.26
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10 10

4 m

3 m3 m3 m3 m

4 m

1

2 3

4

6

5 7

12111098

For the shown truss determine find the forces in all members due to:
1- Given Load.
3- drop In Temperature 300 in member 8 — 12 .

EA=10000 ton   α =10-5
425



b= 20   , J= 12     , r = 6 b + r = 26  unknowns

2 j = 24 equations

وبسبب التماثل العكسى یتم فرضھ مجھول واحد 2عدد المجاھیل الزیاده 

1010

XX

426



1010

11

N0

N1

10101010

1010

0.75

16.616.6

16.6 16.6 13.313.3

0.75

0.750.75

1.251.25
1.0 1.25 1.25

1.0

427



NFNFN1LN1 N1LN0 N1LN1N0Lmember

0-2.251.68750-0.75031-2

02.251.687500.75033-4

02.251.6875-22.50.75-1035-6

0- 2.251.6875-22.5- 0.751036-7

00000-1038-9

00000-1039-10

0000010310-11

0000010311-12

0-44-53.2-113.342-5

00000045-9

044-53.21-13.343-7

00000047-11

06.257.812501.25051-5

0-6.257.8125-104.16-1.2516.652-6

06.257.8125-104.161.25-16.653-6

0-6.257.81250-1.25054-7

00000055-8

0000016.655-10

00000-16.657-10

00000057-12

046-359.72∑

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have  
been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the  
image and then insert it again.Given loads

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may  
have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to  
delete the image and then insert it again.temperature
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10000
72.35910

10  
EA

LNN


10000
4911

11  
EA

LNN


tonXX

X

35.70.0
10000

49*
10000

72.359
0.0. 1110



 

10 *35.7 NNNF 
Given loads

یتم عمل الحسابات فى الجدول فقط



430430

  0.0).1(..10 LNt

00.0
40000

72.36*0

0.0. 1110





FF

X 

0* 1  NFNF

Temprature

یتم عمل الحسابات فى الجدول فقط

10000
4911

11  
EA

LNN




2 m

2 m

6 m

a

3 m3 m

2 m

b c

d

Draw B.M.D , S.F.D, and N.F.D     EI = 6000 t.m2

Due to   (1)   settlement at A = 1cm.
and left movement at B = 2cm.
and settlement at C = 3cm.
and right movement at D = 2cm.

431



2 m

2 m

6 m

a

3 m3 m

2 m

b c

de

Part (a e)   >>    determinate       
determinate structureالھبوط لا یؤثر فى الـ 

وبالتالى لا تؤثر  rollerافقیة وھى الحركة الاساسیھ للـ   dالحركة عند 

432



2 m

2 m

6 m 3 m3 m

2 m

b c

2 m

2 m

6 m 3 m3 m

2 m

b

Main system

X

433



b

1

2

M1

4
11 10*12

3
6*2*2

3
3*2*2

10000
1 



 

0.33

0.66

434



0.010 
4

11 10*12 

tXX
X c

2503.010*12*0
.

4

1110






 25

16.67

8.33

+ 
25

-8
.3

3

N.F.D

B.M.D S.F.D

50

8.33

16.67

435



Draw B.M.D , S.F.D, and N.F.D     EI = 10000 t.m2
Due to

Anti Clockwise Rotation at A = 0.001 rad.
K1= 400t/m              K2=200t/m

2.0 m

4.
0 

m

10.0 m

b

c

a

K2

K1

436



2.0 m

4.
0 

m

10.0 m

c

a

X1

Main System

X2

437



c
a a

1

110

4

02.0
2

10*4*10
10000

1

018.010*4*4
3

4*4*4
10000

1

033.0
3

10*10*10
10000

1

12

22

11











 













M1 M2

438



c
a

1

1

0.001

Δbv * 1 – 10 * 0.001 = 0.0
Δbv = 0.01

10

Δbh * 1 – 4 * 0.001 = 0.0
Δbh = - 0.004

4

0.0)
200
1018.0(*02.0*0.0

0.002.0*)
400
1033.0(*0.0

21

21





XX

XX

X1=1.34
X2=-1.71
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2.0 m

4.
0 

m

10.0 m

c

20.24

1.34

1.71

1.71

1.34

440



3.0 m

4.
0 

m
8.

0 
m

3.0 m

8 t

For the shown truss determine find the forces 
in all members due to:

EI column=6000 ton                         EAlink=4000 ton
441



3.0 m

4.
0 

m
8.

0 
m

3.0 m

X

continue

Main system

442



8.0 m 2 m2 m

6.
0 

m

B

Draw B.M.D , S.F.D, and N.F.D     EI = 8000 t.m2  &  EA = 20000 t.m2

Due to   (1)   given loads
(2)   uniform rise in temperature in member AD 500

A

4 t

4 t

2.0 t/m

443



continue

Main system

8.0 m 2 m2 m

6.
0 

m

BA X

444



3.
0 

m

Draw B.M.D , S.F.D, and N.F.D     EI = 10000 t.m2

Due to   (1)   given loads
(2)   uniform rise in temperature 300

A

6 t 6 t

2.0 m 2.0 m4.0 m 2.0 m 2.0 m 4.0 m

B

C

1000 t/m

445



3.
0 

m

A

2.0 m 2.0 m4.0 m 2.0 m 2.0 m 4.0 m

B

C

X

continue

Main system
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Draw B.M.D , S.F.D, and N.F.D     EI = 10000 t.m2

4.
0 

m

4.0 m 4.0 m 4.0 m

10 t10 t

447



4.
0 

m

4.0 m 4.0 m 4.0 m

X2X1

continue

Main system

448



Draw B.M.D , S.F.D, and N.F.D     EI = 10000 t.m2

4.
0 

m

4.0 m 2.0 m

10 t

1000 t/m

2.0 m

449



continue

Main system

4.
0 

m

4.0 m 2.0 m

X

2.0 m

450



بســــم اللـــــھ الرحمـــن الرحیـــم

451



عندما یكون ابعاد العمود صغیرة بالنیبة لإرتفاعة فإن تعرض العمود لاحمال•
.فى العمود) تقوس(ضغط كبیره تسبب حدوث إنبعاج 

normalللعمود وبالتالى یتولد  axisلاحظ أن الحمل فى البدایة ماشى مع الـ •
 (y)فقط أما فى الحالة الثانیة بعد حدوث التقوس یكون ھناك ترحیل بمسافة  

تسبب وجود عزوم
M = P. y

452
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1- INERTIA
.تكون معطاه فى بعض المسائل -1

IyandIx

4

64
DIyIx 


12
* 3baIx 

.یتم حسابھا فى بعض المسائل ویكون للأشكال السھلھ -2

a

b

12
* 3abIy 

454



لجزء من القطاع ویتم تركیب جزء اخر  inertiaفى بعض المسائل یتم اعطاء الـ -3
.علیھ لیتم اضافتة فى الحسابات 

4

4

2

100000
50000
100

30

cmIy
cmIx

cmA
NoBFIBfor







a

عادة لا توضع على   a=30ان المسافة     No 30معنى 
  I beamالرسم یتم معرفتھا من اسم الـ 

y

y

xx

y

y

xx

2 plates 2*40 cm

30

40

2








 












2
3

3

2

)16(*80
12

)2(*40*2

12
)40(*2*2

160)40*2(*2

Iy

Ix

cmA

تجمیع شكلین معا
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y

y

xx

y

xx








 












2
3

3

2

)16(*80
12

)2(*40*2100000

12
)40(*2*250000

260160100

Iy

Ix

cmA
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55.1
3.29

206
5.13

10

4

4








e
cmIy

cmIx
A

NoCHfor

 
  45829*2

477)55.1(*5.13206*2
272*5.13

2

2

cmIy
Ix

cmA






تجمیع شكلین معا

y

y

xe
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4

4

312
472

10sec

cmIxy
cmIyIx

NoLfor





22
2

)(min

2
2

)(min

160)312(
2

472472
2

472472

22

cmI

IxyIyIxIyIxI







 







 









 







 



Minimum Inertia

y

y

x
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2- Buckling Length
متساوى حول المحورین buckling lengthعندما یكون العمود غیر مقید من البدایھ للنھایة نجد ان الـ  الحالة الاولى

Hinged – Hinged
Lb = L

Fixed – Hinged
Lb = 0.7 L

Fixed – Fixed
Lb = 0.5 L

Fixed – roller
Lb = L

L

Fixed – Free
Lb = 2.0 L
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متساوى أیضا حول المحورین buckling lengthعندما یكون العمود مقید فى الاتجاھین نجد ان الـ  الحالة الثانیة

L

Lb1 = 0.5L
Lb2 = 0.5L

Lb=0.5 L

Lb1

Lb2

Lb1

Lb2

Lb1

Lb2

Lb1 = 0.35L
Lb2 = 0.5L

Lb=0.5 L

Lb1 = 0.35L
Lb2 = 0.35L

Lb=0.35 L

Lb= L/3Lb= L/3Lb= L/3
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مختلف حول المحورین buckling lengthعندما یكون العمود مقید فى اتجاه واحد نجد ان الـ  الحالة الثالثة

Lb1

Lb2

Lb1

Lb2

L

L

Lb x = 0.5 L

Lb y =  L

Lb x = 0.7 *0. 5 L = 0.35 L

Lb y = 0.5 L

yx

y
x
x

مع المحور الذى یظھر نقطھ
X )( على العمود 

مع المحور الذى یظھر نقطھ
X )( على العمود 

مع المحور الاخر
y )( على العمود 

مع المحور الاخر
y )( على العمود 
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The critical buckling load (pcr) known as euler buckling load as:

2
min

2

b
cr L

IEP 


where:   E = Young Modulus of Elasticity.
I  = Minimum moment of Inertia.
L = Buckling length of column.

Critical Buckling Load of Column

min

min

)(sec

Im

)(

i
L

ratiosssylindernestepond
A

ini

gyrationofRadiusstepfirst

b




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Permissible Buckling Load of Column

For steel 37

For steel 44

For steel 52

)/(00007.03.196

)/(600096

22

2
2

cmtif

cmtif

pb

pb










)/(00005.01.1104

)/(6000104

22

2
2

cmtif

cmtif

pb

pb










)/(000065.04.1104

)/(7500104

22

2
2

cmtif

cmtif

pb

pb










Ppb = σpb * A

Ppb = σpb * A

Ppb = σpb * A
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pb

cr

pbpb

b
cr

b

P
Pn

safetyofFactorstepseven
AP

stbyLoadePermissiblstepsix
L

IEP

LoadCriticalstepFifth
i
L

ratiossSylindernestepFourth
A

ini

gyrationofRadiusstepThird
InertiaMinimumCalculate

stepSecond
LengthBucklingCalculate

stepFirst











)(
*

)&()(

)(

)(

Im

)(
)(

)(

2
min

2

min

min








طریقــــــــة الحـــــل
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52
154
2100
9010
25700

30

st
A
E
Iy
Ix

IBEfor
given






Example one

Required Pcr  Ppb  and  n  in the three cases
(a) Hinged – Hinged case.
(b) Fixed   -- Fixed case.
(c) Hinged – Hinged and restricted in x direction only

x

y

10
 m

465



77.2
45.67
75.186

)(

45.67154*438.0*2/438.0
)7.130(

75007500
)130&52()(

75.186
)1000(

9010*2100*
)(

7.130
65.7

1000
)(

65.7
154
9010Im

)(
)9010Im(

)1000(

22

2

2

2
min

2

min

min

















pb

cr

pbpbpb

b
cr

b

P
Pn

safetyofFactorstepseven

tAPcmt

stbyLoadePermissiblstepsix

t
L

IEP

LoadCriticalstepFifth
i
L

ratiossSylindernestepFourth

cm
A
ini

gyrationofRadiusstepThird
in

stepSecond
cmLb

stepFirst












Case (a)

10
 m
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32.4
85.172

747
)(

85.172154*122.12/122.1000065.04.1
)65&52()(

747
)500(

9010*2100*
)(

35.65
65.7

500
)(

65.7
154
9010Im

)(
)9010Im(

)500(

2

2

2

2
min

2

min

min

















pb

cr

pbpb

b
cr

b

P
Pn

safetyofFactorstepseven
tPcmt

stbyLoadePermissiblstepsix

t
L

IEP

LoadCriticalstepFifth
i
L

ratiossSylindernestepFourth

cm
A
ini

gyrationofRadiusstepThird
in

stepSecond
cmLb

stepFirst








Case (b)
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428.3
75.155

534
75.155154*0114.12/0114.1

)77&52(

534
)1000(
25760*2100*

32.77
93.12

1000

93.12
154

25760

)25760(
)1000(

2

2

2

2















pb

cr

pbpb

b

x
cr

x

bx

P
Pn

tPcmt
st

t
xL

IExP

i
Lx

cm
A
Ixix

Ix
cmLbx








Case (c)

32.4
85.172

747
85.172154*1224.12/1224.1

)36.65&52(

747
)500(

9010*2100*

36.65
65.7

500

65.7
154
9010

)9010(
)500(

2

2

2

2















pb

cr

pbpb

b

y
cr

by

P
Pn

tPcmt
st

t
yL

IE
xP

iy
L

y

cm
A
Iyiy

Iy
cmLby








>>    Pcr =534
>>   Ppb= 155
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Using Euler formula find the critical buckling load for each case of 
the following member and draw the deformed shape.
I = 300 cm4   and L = 600cm

Example two

6 
m

Case d Case c Case b Case a
469



Case a

6 
m

6 
m

Case b

ton
L

IExP

cmLb

b
cr 8.65

)300(
300*2000*

)300(

2

2

2
min

2







ton
L

IExP

cmLb

b
cr 134

)210(
300*2000*

)210300*7.0(

2

2

2
min

2






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Case c

6 
m

6 
m

Case d

ton
L

IExP

cmLb

b
cr 8.65

)300(
300*2000*

)300(

2

2

2
min

2







ton
L

IExP

cmLb

b
cr 148

)200(
300*2000*

)200(

2

2

2
min

2






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Example three

4.
0 

m

37
4.53

2100
988
5740
30

st
A
E
Iy
Ix

IBEfor
given






2.
0 

m

4.0 m

2.0 m

12

(a) Required  Ppb  in member AC
(b) Actual F. O. S
(c) Increase the permissible load to the twice without
increase dimension of section

A B

C
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4.
0 

m
2.

0 
m2.0 m

12

A B

C

F
F cos 45

Σ MB = 0.0
F cos 45 *4 = 12 * 2
F=8.5 ton 

4.2
5.8
37.20

67.184.53*3496.02/
131
6000

)131&37(

37.20
)565(

988*2100*

104131
3.4

565

3.4
4.53

988

)988(
)565(

2

2

2

2

2

min
















actual

pbpb

b
cr

x

b

n

tPcmt

st

ton
L

IE
P

i
L

cm
A
Ii

I
cmLb








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cmLL

P

b
b

pb

pbpb

4006.92
3.4

6.927.06000

7.0
4.53
35.3735.3767.18*2

2
















4.
0 

m
2.

0 
m2.0 m

12

A

B

C

یتم ترك خواص القطاع كما ھى
Lbوبالراجع یتم حساب  Ppbویتم مضاعفة الـ  
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بســــم اللـــــھ الرحمـــن الرحیـــم



pc

y

y

x

x

pb

pc x
I

M
y

I
M

A
P 




  ***
max

normal and momentحالة ان یكون العمود معرض لـ 

خـــواص القطــــاع
A,   Ix,   Iy

given
σpc (permissible compression)

for st37---- σpc = 1.1 t/cm2
for st44---- σpc = 1.3 t/cm2
for st52---- σpc = 1.4 t/cm2

P    {normal force in the column}

Mx  {normal force in the column}

My  {normal force in the column} x
y

y
x

Mx, Myفى المسائل لا یوجد الا عزم واحد فقط من العزمین 

ھو العمودى xعندما یكون المحور 

ھو العمودى yعندما یكون المحور 

خـــواص القطــــاع
x,   y

معطاة على القطاع

σpb (permissible buckling)

Lb = ……
imin=…….
λ = ……..
Σpb=……
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معطى حمــــــل مجھول علـــى المنشــــــــأ
(max load)والمطلــــــوب عمل 

1- calculate   - P, (Mx or My)                  
بدلالة المجھول

2- σmax = as a function of P                   
بدلالة المجھول

3- σmax = σpc                                                                

>>>>   P=----

477

معطى كـــــــل الاحمــــــال علـــى المنشــــــــأ
(check)والمطلــــــوب عمل 

1- calculate   --------- P, (Mx or My)

2- σmax = from the equation=------

3- if σmax ≤ σpc safe

4- if σmax > σpc unsafe

افكار المسائل
النوعیة الثانیةالنوعیة الأولى



A

B

فى المســائل اذا كان العمـــود مثبــت على الارض
– fixed(فیتم اخذه  fixedبـ   free (

478

Buckling length

A

B

A

B

فى المســائل اذا كان العمـــود مثبــت على الارض
– hinged(فیتم اخذه  hingeبـ   hinged (

A

B
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Example one

6 m

44
190
2000
10800
45000
32

st
A
E
Iy
Ix

IBEfor
given






2 m

p

x

y

Required for column AB :
(1) max safe load P.
(2) critical load Pcr.

A

B

2

5 m
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6 m

2 m

p
2

5 m

) Mx = 2*600 = 1200 t.cm(–ھى اللى شغالة  Mx  -- لاعلى    xمحور 

– hinged(على الارض   hingeمثبت بـ A-Bالعمود  hinged    ( ----  = 600cm Lb 

Xa

Xc

Yc

Ya

d

∑ FX =     0.0 

∑ FY =     0.0 

∑M dr =   0.0

P * 2.5 – Yc*5 = 0.0    >>  Yc = 0.5 P

YA = 0.5 P

XA = 2.0

∑M A =   0.0

P * 4.5 – 0.5 P * 7 – Xc *6= 0.0    >>  Xc = 2 + P/6

) A-B )N = 0.5 P tفى العمود   normalالـ 



481481

y
I

M
A
P

x

x

pb

pc **
max







خـــواص القطــــاع
A=190

Ix=45000
y = 16

for st44---- σpc = 1.3 t/cm2

2/856.000007.03.1

592
)600(
10800*2000*

966.79
54.7

600

54.7
190

10800
)600(

2

2

2

2

2

min

cmt

ton
L

IE
P

i
L

cm
A
Ii

cmLb

pb

b

cr

x

b

















tonP

P

87.32max

3.116*
45000
1200

856.0
3.1*

190
5.0max





)Mx = 1200 t.cm (

)N = 0.5 P t (
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Example two

6 m

44
254
2000
13900
4670
32

st
A
E
Iy
Ix

IBEfor
given






p

y

x

Required  in column AB:
(1) max safe load P.
(2) critical load Pcr.

A

B

12.0  m
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)My = 0.0   for link member (

– hinged(على الارض   hingeمثبت بـ A-Bالعمود  hinged    ( ----  = 600cm Lb 

Ya

∑ FY =     0.0 

YA = 0.5 P

)N = 0.5 P t (

6 m

p

A

B

12.0  m

خـــواص القطــــاع
A=254

Iy=13900
x = 16

for st44---- σpc = 1.3 t/cm2



484484

pcx
Iy
My

pb
pc

A
P 


  **max

2/306.0
140
6000

256
)600(

4670*2000*

96140
28.4

600

28.4
254

4670Im
)600(

2

2

2

2

2

cmtpb

ton
Lb

IE
Pcr

i
Lb

cm
A

ini

cmLb

















tonP

P

77max

3.1
306.0
3.1*

254
5.0max




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Example three

4 m

52
2000

st
E 

Required for column AB :
(1) w max.
(2) critical load Pcr.

2

2 m 4 m

A

B

W t/m

x

x

yy

4

4

2

10000
5000
100

30

cmIy
cmIx

cmA
NoBFIBfor





2 plates 2*40 cm
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4 m

2 m

4w

2

4 m

) Mx = 2*400 + 2w * 200 = 800+400w(–ھى اللى شغالة  Mx  -- لاعلى    xمحور 

– fixed(على الارض   fixedمثبت بـ A-Bالعمود  free    ( ----  = 2*400 = 800 cm Lb 

2

2w

2w

d

) A-B )N = 2w tفى العمود   normalالـ 

51013)16(*80
12

)2(*40*210000

27333
12

)40(*2*25000

260160100

2

3

3

2







 











Iy

Ix

cmA

2w

2w
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y
Ix
Mx

pb
pc

A
P **max 




خـــواص القطــــاع
A=260

Ix=27333
y = 15+2=17

for st52---- σpc = 1.4 t/cm2

2/36.1000065.04.1

843
)800(
27333*2000*

857.24
42.32

800

42.32
260

27333
)800(

2

2

2

2

2

min

cmt

ton
L

IE
P

i
L

cm
A
Ii

cmLb

pb

b

cr

x

b

















mtw

ww

/5.3max

4.117*
27333

)400800(
36.1
4.1*

260
2max








)Mx = 800+400w (

)N = 2w  t (
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Example four

6 m

Required for column AB :
(1) P max.
(2) critical load Pcr.

P

2 m 8 m

A

B

2 t/m

x

y

37
300
2100
120000
80000
30

st
A
E
Iy
Ix

IBEfor
given





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16

) Mx = 200*P=200P(–ھى اللى شغالة  Mx  -- لاعلى    xمحور 

– fixed(على الارض   fixedمثبت بـ A-Bالعمود  free    ( ----  = 2*600 = 1200 cm Lb 

8

P+8

d

)A-B )N = (P+8)فى العمود   normalالـ 

8

P 8



490490

y
Ix
Mx

pb
pc

A
P **max 




خـــواص القطــــاع
A=300

Ix=80000
y = 15

for st37---- σpc = 1.1 t/cm2

2/83.000005.01.1

115
)1200(
80000*2100*

10444.73
33.16

1200

33.16
300

80000
)1200(

2

2

2

2

2

min

cmt

ton
L

IE
P

i
L

cm
A
Ii

cmLb

pb

b

cr

x

b

















mtP

PP

/52max

1.115*
120000
200

83.0
1.1*

300
)8(max








)Mx = 200P (

)N = 8+P (
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Example five
Final 2009

44
254
2000
13900
4670
32

st
A
E
Iy
Ix

IBEfor
given






4

y

x

Required  in column AB:
(1) max safe load P.
(2) critical load Pcr and factor of safety.
(3) derive the formula of Buckling length

6.
0 

m
3.

0 
m

8.0 m

3.0 m

p

A B

C



492

– hinged(على الارض   hingeمثبت بـ A-Cالعمود  hinged    ( ----  = 1000cm Lb 

)N = 0.625 P +7.5 (

خـــواص القطــــاع
A=254

Iy=13900
x = 16

For st44 ---- σpc = 1.3 t/cm2

4

6.
0 

m
3.

0 
m

8.0 m

3.0 m

p

A B

C

F
0.6 F

Σ MB = 0.0
0.6 F *8 = 4*9+3P
F= 0.625P+7.5 
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pc
pb
pc

A
P 


  *max

2/11.0
233
6000

92
)1000(

4670*2000*

96233
28.4

1000

28.4
254

4670Im
)1000(

2

2

2

2

2

cmtpb

ton
Lb

IE
Pcr

i
Lb

cm
A

ini

cmLb

















81.2
32
92

32max

3.1
11.0
3.1*

254
625.05.7max







FoS

tonP

P
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Example six
Final 2008

44
254
2000
13900
4670
32

st
A
E
Iy
Ix

IBEfor
given






Required  in column BD:
(1) max safe load P.
(2) critical load Pcr and factor of safety.
(3) derive the formula of Buckling length

p
A

y

x

4.
0 

m

4.0 m3.0 m4.0 m 5.0 m

D E
F

CB
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– hinged(على الارض   hingeمثبت بـ B-Dالعمود  hinged    ( ----  = 400cm Lb 

)N = 4P (خـــواص القطــــاع
A=254,   Iy=13900,    x = 16

For st44 ---- σpc = 1.3 t/cm2

F
0.6 F

Σ MA = 0.0          Yb *4 = 16P   >> Yb=4P
p

A

y

x

4.
0 

m

D E
F

CB

Force in member CE   is  zero 
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pc
pb
pc

A
P 


  *max

2/6945.093*00007.03.1

576
)400(

4670*2000*

964.93
28.4

400

28.4
254

4670Im
)400(

2

2

2

2

2

cmtpb

ton
Lb

IE
Pcr

i
Lb

cm
A

ini

cmLb

















13
44

576
44max

3.1
6945.0

3.1*
254
4max







FoS

tonP

P
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Example seven

52
2000

st
E 

Required check all members

4

4

2

9910
32250
171

32

cmIy
cmIx

cmA
NoBFIBfor



 6 m

2 m

A

C
2 m

x

yy

2 plates 2*36 cm

For column

For all links

x

ye

cme
cmIy

cmIx
cmA

NoCHfor

55.1
3.29

206
5.13

10

4

4

2






10

B

d

e



A

b

10

14

10

e

cc d

Column section

A=171+2*(36*2)= 315

Ix=32250+2*(36*23/12+36*2*172)
= 73914 cm4

Iy=9910+2*(2*363/12)
= 25462 cm4

Link section

A= 2 * 13.5 =27

Ix = 2 * 206 = 412 cm4

Iy = 2*( 29.3 +13.5 *1.552) = 123.5 cm4

1020 t.m

Member (be and ed)  --- zero member
Member (cd)  --- tension member

498



Member bd

unsafe1.167.1
343.0
1.1*

27
14.14max 

343.0
132
6000

104132
138.2

283

138.2
27

5.123min

283

2








pb

i

cmLb





499
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column ac

safe1.1669.018*
73914
2000

1916.0
1.1*

315
10max 

1916.0
178
6000

104178
9

1600

9
315

25462min

1600

2








pb

i

cmLb




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502

PcrP
AEtP

Lt
AE
LP

LtL
AE
LPL










...

..
.
.

2......................

1....................
.
.







2

2

..
Im.

b
LA
int





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Example one

Required  Δt max

8 m

A B

x

y

)5(^10*2.1
52

8.77
2100
782
12510
32









st
A
E
Iy
Ix

IBEfor
given

8 m

C
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36.26
560*8.77*10*2.1

782*.
560800*7.0

25

2







t

cmLb

8 m

A B

8 m

C

x

y
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Example two

Required  Δt max

9 m

A B

x

y

)5(^10*2.1
52

8.77
2100
782
12510
32









st
A
E
Iy
Ix

IBEfor
given

12 m

C

9 m
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8.14
630*8.77*10*2.1

782*.
630900*7.0

25

2







t

cmLb

x

y

9 m

A B

12 m

C

9 m
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L

X

P

y

cxccxcy
yy

EI
Pyy

yPM

C

sin.2cos.1
0.0.

.

2








0.0sin.20
0.0100




clcyLxat
cyxat

EI
P

C 2

2

2

222

2

2222

*

**
0.0sin0.0sin.2

L
EInPcrn

EI
PL

nLcncL
cLcLc










LLb
Lb

EIn
L
EInPcr




2

2

2

2

2

2 
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Lb=2L

509

L
X

P

y











cxccxcy
yy

y
EI
P

EI
P

EI
yPy

yPM

CC

sin.2cos.1
0.0..

).(
).(

22

2

2

2

2

2

222

2

22

22

)()2(
*

4
*2/*

0.0coscos

0.0200
100

Lb
EIn

L
EInPcrn

EI
PL

nLcncL

cLcLy
yLxat

cyxat
cyxat















EI
P

C 2 Δ
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Determinacy

b   >>>>    No. members
r    >>>>    No. of Reaction
J   >>>>     No. of joints
c   >>>>     each of intermediate hinge  عدد العناصر التى یفصلھاintermediate hinge -1) (

3b + r    >>>>    مجاھیل

3j + c    >>>>    معادلات

مجاھیل >  معادلات

مجاھیل=   معادلات

مجاھیل <  معادلات

Unstable

Stable  & determinate

Stable  & indeterminate
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The 
image  
cannot 
be 
display
ed. Y1

The 
image  
cannot 
be 
display
ed. Y2

The 
image  
cannot 
be 
display
ed. Y3

The 
image  
cannot 
be 
display
ed. Y4

The 
image  
cannot 
be 
display
ed. Y5

The 
image  
cannot 
be 
display
ed. Y6

The 
image  
cannot 
be 
display
ed. Y7

The 
image  
cannot 
be 
display
ed. Y8

The 
image  
cannot 
be 
display
ed. Y9

The image cannot  
be displayed. 
Your computer 
may not have 
enough memory 
to open the ima10 The image cannot  

be displayed. 
Your computer 
may not have 
enough memory 
to open the ima11

The image cannot  
be displayed. 
Your computer 
may not have 
enough memory 
to open the ima12 The image cannot  

be displayed. 
Your computer 
may not have 
enough memory 
to open the ima13

The image cannot  
be displayed. 
Your computer 
may not have 
enough memory 
to open the ima14 The image cannot  

be displayed. 
Your computer 
may not have 
enough memory 
to open the ima15

4

3

2

1

8

7

6

5

12

11

10

9b= 15   , J= 12
c= 0      , r= 9

3b + r = 54  unknowns

3j + c = 36 equations

Unknowns > equations
> stable & Indeterminate 
> (54-36= 18 degree)

The 
image  
cannot 
be 
display
ed. Y1

The 
image  
cannot 
be 
display
ed. Y2

The 
image  
cannot 
be 
display
ed. Y3

The 
image  
cannot 
be 
display
ed. Y4

The 
image  
cannot 
be 
display
ed. Y5

The 
image  
cannot 
be 
display
ed. Y6

The 
image  
cannot 
be 
display
ed. Y7

The 
image  
cannot 
be 
display
ed. Y8

The 
image  
cannot 
be 
display
ed. Y9

The image cannot  
be displayed. 
Your computer 
may not have 
enough memory 
to open the ima10 The image cannot  

be displayed. 
Your computer 
may not have 
enough memory 
to open the ima11

The image cannot  
be displayed. 
Your computer 
may not have 
enough memory 
to open the ima12 The image cannot  

be displayed. Your  
computer may not 
have enough 
memory to open 
the image, or th13

The image cannot  
be displayed. 
Your computer 
may not have 
enough memory 
to open the ima14 The image cannot  

be displayed. Your  
computer may not 
have enough 
memory to open 
the image, or th15

4

3

2

1

8

7

6

5

12

11

10

9b= 15   , J= 12
c= 6      , r= 5

3b + r = 50  unknowns

3j + c = 42 equations

Unknowns > equations
> stable & Indeterminate 
> (50- 42= 8 degree)
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Unstable

> stable & Indeterminate 
> (50- 42= 8 degree)

b= 16   , J= 13
c= 6      , r= 5
3b + r = 53  unknowns
3j + c = 45 equations

> stable & Indeterminate 
> (53- 45= 8 degree)

The 
image  
cannot 
be 
display
ed. 
1

The 
image  
cannot 
be 
display
ed. 
2

The 
image  
cannot 
be 
display
ed. 
3

The 
image  
cannot 
be 
displa
yed. 
4

The 
image  
cannot 
be 
displa
yed. 
5

The 
image  
cannot 
be 
displa
yed. 
6

The 
image  
cannot 
be 
displa
yed. 
7

The 
image  
cannot 
be 
displa
yed. 
8

The 
image  
cannot 
be 
displa
yed. 
9

The image  
cannot be 
displayed. Your  
computer may 
not have 
enough memo
10 The image  

cannot be 
displayed. Your  
computer may 
not have 
enough memo
11

The image  
cannot be 
displayed. Your  
computer may 
not have 
enough memo
12 The image  

cannot be 
displayed. Your  
computer may 
not have 
enough memo
13

The image  
cannot be 
displayed. Your  
computer may 
not have 
enough memo
14 The image  

cannot be 
displayed. Your  
computer may 
not have 
enough memo
15

4

3

2

1

8

7

6

5

12

11

10

9 13
The 
image  
cannot 
be 
displa
yed. 

16
first

b= 15   , J= 12
c= 6      , r= 5
3b + r = 50  unknowns
3j + c = 42 equations

second
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Determinacy

b   >>>>    No. members
r    >>>>    No. of Reaction
J   >>>>     No. of joints

b + r    >>>>    مجاھیل

2j       >>>>    معادلات

مجاھیل >  معادلات

مجاھیل=   معادلات

مجاھیل <  معادلات

Unstable

Stable  & determinate

Stable  & indeterminate
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b= 37   , J= 21
, r = 5

b + r = 42  unknowns

2 j = 42 equations

Unknowns = equations
> stable & determinate 

b= 19   , J= 10
, r = 4

b + r = 23  unknowns

2 j = 20 equations
> stable & Indeterminate 
> (23- 20= 3 degree)



b= 20   , J= 12
, r = 6

b + r = 26  unknowns

2 j = 24 equations
> stable & Indeterminate 
> (26- 24= 2 degree)

b= 19   , J= 12
, r = 5

b + r = 24  unknowns

2 j = 24 equations
> stable & determinate 

516
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بســــم اللـــــھ الرحمـــن الرحیـــم
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حركة افقیة

ROLLER SUPPORT

تسمح بالحركة الافقیة والدورانتسمح بالحركة الافقیة والدوران
The image cannot be  
displayed. Your computer  
may not have enough 
memory to open the image,  
or the image may have been  
corrupted. Restart your  
computer, and then open the 
file again. If the red x still  
appears, you may have to d

دوران

11-- SUPPORTSSUPPORTS

HINGED SUPPORT

تسمح بالدوران فقطتسمح بالدوران فقط
The image cannot be  
displayed. Your computer  
may not have enough 
memory to open the image,  
or the image may have been  
corrupted. Restart your  
computer, and then open the 
file again. If the red x still a…

دوران

FIXED SUPPORT

لا تسمح بأى حركةلا تسمح بأى حركة
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PP

شـــــد

شـــــد
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P
B.M.D

Elastic 
curve

P

B.M.D

Elastic 
curve

P

الاجزاء التى لا یوجد علیھا عزوم
 elastic curveترسم فى الـ 
خط مستقیم 



521521

P
B.M.D

Reinforcement

P

B.M.D

Reinforcement

P PP

ReinforcementReinforcement
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The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

Determinate StructuresDeterminate Structures
reactionsفى ھذه المنشآت سیكون من السھل توقع اتجاھات الـ 

رسم العزوم  -1       
یتم تحدید اتجاه التحدیب حسب شكل العزم واماكن التسلیح  -2       

P

B.M.D

ReinfElastic
Curve

P

B.M.D

ReinfElastic
Curve تسلیح الضغط او الشد اذا كان ھو

الموجود فقط یكون فى الاتجاھین 



523

P

B.M.D

ReinfElastic
Curve

P

B.M.D

ReinfElastic
Curve

P

B.M.D

ReinfElastic
Curve

B.M.D

ReinfElastic
Curve

ZERO

P
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P

B.M.D

ReinfElastic Curve

PP

P

B.M.D

Elastic Curve Reinf

B.M.D

ReinfElastic Curve

B.M.D

Elastic Curve Reinf
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Elastic CurveB.M.D Reinforcement

P

Elastic CurveB.M.D Reinforcement

P
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Elastic CurveB.M.D Reinforcement

P P

Reinforcement

P

P

Elastic Curve

B.M.D
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P

B.M.D

Elastic Curve Reinforcement
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B.M.D Elastic Curve

P P

B.M.D Elastic Curve

P P P



B.M.D Elastic Curve

P
P

529529

P

B.M.D Elastic Curve
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P

B.M.D Elastic Curve

530

P

B.M.D Elastic Curve
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Elastic curve

یدور العزم بھذا الاتجاه حتى یقوم
fixed supportبقفل الزاویة عند الـ

یدور العزم بھذا الاتجاه حتى یقوم
fixed supportبقفل الزاویة عند الـ
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Elastic curve

یدور العزم بھذا الاتجاه حتى یقوم
fixed supportبقفل الزاویة عند الـ

یدور العزم بھذا الاتجاه حتى یقوم
fixed supportبقفل الزاویة عند الـ
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یدور العزم بھذا الاتجاه حتى یقوم
fixed supportبقفل الزاویة عند الـ

Elastic curve
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Elastic Curve

B. M. DReinforcement 
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Elastic Curve

B. M. DReinforcement 
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Elastic Curve

B. M. DReinforcement 
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Elastic Curve

B. M. DReinforcement 
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Elastic Curve

Reinforcement B. M. D

عندما یكون ھناك عنصر معلوم العزم فى بدایتھ 
– fixedوھو  fixed یتم قلب العزم فى نھایتھ
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Elastic Curve

B. M. DReinforcement 
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Elastic Curve

B. M. DReinforcement 
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Elastic Curve

B. M. DReinforcement 
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Settlement

Δ

M M

M

M
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Δ

M

M

M M

M

M
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M

M

Δ



546

Δ



Δ

547
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Final 2009
For the following two shapes draw B.M.D, reinforcement 
and elastic curve due to:

(a) given loads.
(b) settlement at A.

(c) uniform rise in temperature.

P P

A B

B

A



Z 
e 

r o

549

B

A

B

A

B

A

B

B

A

B

A

Given loads Settlement at A Uniform temperature

549التسلیـــــــــح فى اتجـــــــاه العــــزم



Z 
e 

r o
550

P

A B

A B

Given loads Settlement at A Uniform temperature

A B

A B

A B

A B
A



الحمــــــــــــد الله الذى ھدانــــــــا للاســـــلام
ولــــولا اللـــــــــــــــــھ لمــــا إھتدینـــــــــــا

الحمــــــــــــد الله الذى وفقنــــــا لھذا العمل 
واتمنى من االله ان ینفعنا بھ بعد الممــــــات

واتمنى من االله ان یوفق كل المھندسین لما یحبھ االله ویرضاه



للطباعة یمكن الطباعة كل اربعة شرائح
فى صفحة واحده 


