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Types of structure and Loads)) 
 

1.1 (Introduction) 

i  

ii  

iii  

iv  

)

(

1.2 (Requirements of Design) 

 

۱(Safety) 

۲(Architecture) 
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۳(Serviceability)  

۴(Economy)  

۵(Environment) 

)

(

(partial replacement) 

  1.3  

 (Difference b/w Analysis and Design) 

(self weight) 

)

(
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1.4 

)

(
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 1.5 

(Classification of structural elements) 

 

(Structural Elements) 

۱(Tie Rod) 

(slender ) 
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۲(Beam) 

(Slab) 

   

 (Classification of beams based on supports) 

 

۱) ( Simply supported beam 

 

۲)Cantilever Beam( 

  

 

 

۳ )Fixed supported Beam( 
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۴ )Continuous Beam( 

 

 

 

 

I

  

 

 

 

 

(Flange)(Web) 

(Wide flange)

construction )
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(Column) 

(Fixed joints)

(accuracy)

(Foundation)  

 

           (Types of structures) 

  (Truss) 
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9m30m

 

 

 (Cables and Arches)  
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۴۶
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(Arch) 

 

 

 

  (Frame)
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(Surface structure)

(thickness)

(Dimensions)

  (Load) 

(Dead Load)
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Determination of Dead Load 

(Slab) (Beam) 

(Column) (Foundation) 

(Slab) 

(Slab) 

2Kg/m2KN/m2T/m

۱–     (One Way Slab) 

۲– (Two Way slab)
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۱–(One Way Slab)

Long side

Short Side
=

b

a
> 2

۲– (Two Way slab)

Long side

Short Side
=

b

a
< 2

 

 



                                                                                            22 

 

 

 

 

 

 

۱

2(30x60)cm

 

Specific weight of RCC, γRCC =2400Kg/m3 

 

w = (bh). γRCC 

              = (0.3x0.6). (2400) 

      = 432Kg/m 

 

 



                                                                                            23 

(6ft x 4in)

8m12in

38 lb/ft 

 3          lb/ft105   

 : x

6 x (4/12) x 8 = 16 lb/ft                       

1105 x 8 x840lb/ft

16+840 856 lb/ft 

 (Live Load) 

 

(Vehicles)  

 (ACI) 

(Factor of safety)

W=1.2(D.L) + 1.6(L.L)
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(wind load)

wind load 

 

(Earthquake or seismic load)

Earthquake

volcanic 

eruptions)  (

tectonic 

plates )(

(Siesmic Zones) 
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(Determinacy and stability of structures) 

 

(idealized structure)

(estimates)

BA
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(Types of support)

۱(Roller support) 

 (Horizontal forces)

(Moment) 

 

۲(Fixed support) 
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۳      (Hinge Support)  
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   (Principle of Superposition)
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(Equilibrium Equations)

 

∑FX = 0       ∑Fy = 0          ∑M = 0 

 

∑MX = 0      ∑MY = 0       ∑MZ = 0 

 

(Determinacy of structures)

۱(Statically indeterminate 

structure) 

 

<   

         2     <      4      

 

= 0 XF∑
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1 Beams)( 

  r  = 3n                      

  r  > 3n                    

2 (Frames)   

  r  = 3n                      

  r  > 3n                    

3 (Trusses)   

b + r = 2j ………….determinate truss 

b + r > 2j………..Indeterminate Truss 

 

Free 

body diagram 

  r  = 3n                      

  r  > 3n                    

n r  

3 > 2 
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1 

 

n = 1,      r = 5  

r > 3n → 5 > 3(1) → 5 > 3

2   

2 

 

 

 

 

n = 3,      r = 10  

r > 3n → 10 > 3(3) → 10 > 9

 1   

3 

 

 

 

 

 

n = 2,      r = 7  

r > 3n → 7 > 3(2) → 7 > 6

 1   
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4 

 

 

5 

 

 

 

6

 

 

 

b=7,  r=4 ,   j=5 

b + r = 2j →7+4 = (2x5) 

11 = 10  

 1

 

n = 2,      r = 7  

r > 3n → 7 > 3(2) → 7 > 6

 1   
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r=6   n=2   

r = 3n → 6 = 3(2) → 6 = 6  

 

 

7

 

 

 

۲(Statically determinate structure) 

Ra   <   Equilibrium equations 

 

1 

2

 

 

 

 

n = 1,      r = 3  

r = 3n → 3 = 3(1) → 3 = 3

 

 

b=15,  r=4 ,   j=9 

b + r = 2j →15+4 = (2x9) 

19 = 18  

 1
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r=3   n=1   

r = 3n → 3 = 3(1) → 3 = 3  

 

 

3 

 

 

 

4 

 

 

 

 

5

 

6

 

r=9   n=3 

r = 3n →9=9

 

 

b=11,  r=3 ,   j=7 

b + r = 2j →11+3 = (2x7) 

14 = 14  

 

 

b=15,  r=3 ,   j=9 

b + r = 2j →15+3 = (2x9) 

18 = 18  
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Stability of Structures 

(Stable Structures)  

 

(Unstable Structures)

 

 

 

When all the forces are concrent in structure as shown in fig 1. 

 

 

 

Force P tends to produce moment in whole structure about the origion. 

 2. When all forces are parallel in structure  
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Structure has no restraints for lateral forces

۱(External Stability) 

n=R-3

 n  R 

 

 

 

 

 

۱–N=0  (Determinate and stable) 

۲–N>0)(Indeterminate and stable

۳–N<0 (Determinate and unstable)

۱

                                                             R=3  n=R-3 

         n=3-3 = 0     
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n=0  (Stable) 

۲

 

R=5,    n=R-3    n=5-3    n=2 

n=2>0   (Stable) 

۳ 

 

 

R=2,    n=R-3,    n=2-3 

n=-1 

n=-1< 0   (Unstable)

۱(internal Stability)

M = 2j-b-r 
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m

  j 

  = b 

   =r 

۱–m=0(Determinate and Stable) 

۲–m>0(Indeterminate and Unstable)

۳–m<0 (Determinate and Stable) 

۱

 

 

 

m=0    (Unstable)

 

Classify each the following structure as stable or unstable  

 

                                                       =   

 

 

The member is stable since the reactions are noncurrent and non parallel. 
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The member is unstable since the 

 Reactios are cuncurrent= 

 

 

 

=  

 

The beam is unstable since the reactions are parallel. 

 

 

 

= 

 

 

The structure is unstable since r=7,  n=3    n=r-3 = 7-3 = 4 > 0 

Draw the free body diagram and determine the reactions for the 

following structure. 

 

 

 

1)  
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2) 

 

 

3)  

 

 

 

  

 ABR 

  YF∑AR   
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(Exercise) 

1) (Stable) 

(Unstable) 
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(Analysis of determinate Frames) 
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۱ 

   

 

 

 

 

 

 

 

 

 

Step: 01                                     

S.I = 3m + r - 3j = 3(3)  + 3  -  3(4)   = 0   

Step: 02 

∑MA = 0   

+(5 . 10) + (2 . 10 . 5 ) - 10RDY = 0                                      RDY = 15K 

  

∑Fy = 0 

RAY + RDY = 20 

RAY = 20 – 15                                                                          RAY = 5K 
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Step: 03 

∑Fx = 0 

HB +5-5 =0 

HB = 0 

∑MB = 0  

-(5 . 5) + (5 . 15) - MB = 0 

MB  = 50K-ft  

∑MA = 0  

+(5 . 10) + MA  - MB = 0 

50 -50 + MA  = 0 

MA  = 0 

 

Member AB   

Member BC   
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∑Fy = 0                                                     ∑MC = 0                                

5 – (2x10)  + RC = 0                                    (5x10) – (2x10x5) +50 - MC = 0 

RC = 15K                                                         MC = 0  

 

 

 

Member CD  
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Final shear force and bending moment diagrams 

 

 

 

 

 

 

 

 

 

 

  



                                                                                            47 

۲ 

Step: 01      Determinacy                              

S.I = 3m + r - 3j = 3(3)  + 3  -  3(4)   = 0   

Step: 01 free body diagram and reactions 

∑Fy = 0 

RA - 100 = 0 

RA = 100K 

∑MA = 0   

-MA + (100. 10) – (2. 10. 15) = 0  

 MA = 700K-ft 

 

 

∑Fx = 0 

HA – (2x10) = 0 

HA = 20K 
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Step: 03    Shear force and bending moment diagram for each member 

 

∑Fx = 0 

-HB + (20) = 0 

HB = 20K 

∑Fy = 0 

100 – RB = 0 

= 100k BR 

∑MB = 0   

MB - 700 – (20x20) = 0  

ft-= 1100K BM  

 

 

 

 

 

 

 

 

 

 

 

 

Member AB 
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∑Fy = 0 

100 – 100 + RC = 0 

= 0 CR 

∑MC = 0   

MC - 1100 – (100x10) + (100x20) = 0  

 MC = 100K-ft 

 

 

 

 

Member BC   

∑Fx = 0 

-HC + 20 = 0 

HC = 20K 
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∑Fx = 0 

20 – (2x10) + HD = 0 

HD = 0 

∑MD = 0   

+MD + (20x10) – (2x10x5) - (100) = 0  

 MD = 0 

 

 

 

 

 

 

 

Member CD   
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۳

 

 

 

 

 

 

 

 

 

Step: 01      Determinacy                              

S.I = 3m + r - 3j = 3(3)  + 3  -  3(4)   = 0   

Step: 01 free body diagram and reactions

∑Fy = 0 

RA - 16 = 0 

RA = 16K 

∑MA = 0   

-MA + (0.5x6x3) + (2x 8x 4) = 0  

 MA = 73K-ft 

 

∑Fx = 0 

-HA + (0.5x6) = 3K 

HA = 3K 

 

 



                                                                                            52 

Step: 03 Shear force and bending moment diagram for each member 

 

∑Fx = 0 

HB - 3 += 0 

HB = 3K 

∑Fy = 0 

16– RB = 0 

= 16k BR 

∑MB = 0   

MB - 73 + (0.5x6x3) = 0  

ft-= 64K BM  

 

Shear force and Bending Moment Diagrams 

 

 

 

 

 

 

 

 

 

Member AB 
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Member BC   

 

 

 

∑Fy = 0 

16  – 16 + RC = 0 

= 0 CR 

∑MC = 0   

(2x8x4) + (16x8) = 0 –64  - CM 

= 0 CM 

Shear force and Bending Moment Diagrams 
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Member CD   

There is no force acting on this member
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  )  Exercise (

1) 

 

  

 

 

 

 

 

 

 

 

2) 
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3)  

 

 

 

 

 

 

 

 

 

 

 

4) 
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Influence line of statically determinate 

 Structures 
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Influence Line 

 

 

)( 

deflection
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1)  

 )X(

)

( 

 

 

 

 

 

 

 
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2)  

)x(

)(

MVR
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(Influence line of support reactions) 

۱ 

۱A(vertical 

reaction) 

 (x=0)  A) y(A

2) (x=2.5ft)  A) y(A

∑MB=0 

Ay (10) – 1(10) = 0 

Ay = 1 

By = 0 

∑MB=0 

Ay (10) – 1(7.5) = 0 

Ay = 0.75 

By = 0.25 
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3) (x=5ft)  A) y(A

 

4) (x=7.5ft)  A) y(A

 

5) (x=10ft)  A) y(A

 

∑MB=0 

Ay (10) – 1(5) = 0 

Ay = 0.5 

By = 0.5 

∑MB=0 

Ay (10) – 1(2.5) = 0 

Ay = 0.25 

By = 0.75 

∑MB=0 

Ay (10) – 1(0) = 0 

 Ay = 0 

  By =1 
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(Influence line equation) 

 

 

yAX(ft)

10

0.752.5

0.55

0.257.5

010

∑MB=0 

Ay (10) – 1(10-x) =0 

Ay = 1- 
x

10
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۲ 

۲B

(vertical reaction)

(Influence line equation)  

                                                             

 

 

yBX(ft)

00

0.52.5

15

1.57.5

210

  ∑MA=0 

- By (5) + 1(x) =0 

By =  
𝐱

𝟓
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۳c

 

 

 

 

 

1 x=0 =??     CV 

 

 

 

 

 

2 X=2.5ft =??CV 

C

 

 

 

  ∑MA=0 

- By (10) + 1(0) =0 

   By =  𝟎 
   Ay =  𝟎 

 

 

  ∑MA=0 

- By (10) + 1(2.5) =0 

   By =  0.25 

   Ay =  0.75 

 

   X=0 

   VC= +0.75,  -0.25 
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3 X=5ft     ??                    =CV 

 

 

 

 

 

 

 

 

 

4 X=7.5ft     ??         =CV

 

 

 

 

 

  ∑MA=0 

- By (10) + 1(5) =0 

   By =  0.5 

   Ay =  0.5 

 

   X=0 

   VC= + 0.5 
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5 X=10ft=??                  CV

 

 

 

 

 

 

 

 

CV

 

 

 

 

 

 

CVX(ft)

00

-0.25, +0.752.5

0.55

0.257.5

010

  ∑MA=0 

- By (10) + 1(0) =0 

   By =  1 

   Ay =  0 

 

   X=10 

   VC= 0 
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C

 

 

 

 

Apply unit load at x=0 

 

 

RA=1 

RB=0 

 

 

 

 

 

Apply unit load at x=2.5ft 

 ∑MB=0 

10RA- (1x0.75) =0 

RA = 0.75                                    

 

∑Fy=0 

0.75-1+ RB =0

RB=0.25 
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Section at C 

 

 

 

 

 

Apply unit load at x=5ft 

 

  

  

    

  

                                                                             

 

 

 

 ∑Mc=0 

Mc - 1(2.5) +0.75(5) = 0 

Mc=1.25 

 

∑MB=0

10RA – (1x5) =0

RA=0.5

 
∑Fy=0 
0.5-1+RB =0

RB=0.5 

                                                                            
∑MC=0 
-MC+0.5(5) =0 

  MC = 2.5 
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Apply unit load at x=7.5ft 

 

 

                                                                                 ∑MB=0 

                                                                                10RA- (1x2.5) =0 

                                                                                 RA = 0.25         

RB=0.75 

                                                                                 ∑Mc=0 

                                                                                Mc+ 2.5- 0.75(5) = 0 

                                                                                MC = 1.25 

 

 

 

 

 

Apply unit load at x=10ft 

 

   RA=0 

   RB=1 

                                                                                                                                

                                   

                                                                                 

 

 

∑Mc=0 

Mc+ 1(5) - 1(5) = 0 

MC = 0 
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X MC 

0 0 

2.5 1.25 

5 2.5 

7.5 1.25 

10 0 
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(Muller-Breslau Principle)

۱۸۸۶

(Reactions, Shear, 

moment) (deflected shape)

(Procedure)

)(

) 

( 

 

 

1 A

A

 

 

2 A
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3 y A 
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۱A

 

 

 

 

 

 

۱A

 

 

 

 

 

 

۲(Deflected shape) 

۲A
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۳C
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۴C

۵B
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 (Exercise)

 

1. 

 

 

 

 

 

2. 

 

 

 

 

 

 

3. 

 

 

 

 

 

 

 

A

C

A

D

A

D
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4. 

 

 

 

 

 

5. 

 

 

 

 

 

 

6.  

 

 

 

 

 

 

 

.7 

 

 

A

B

A

C

A

A

aC 

b B
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.8 

 

 

 

 

 

 

 

 

 

 

aA 

b A

CB
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Cables and suspension bridges 

1   

2  

Cables subjected to concentrated loads

θ)AB(L
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1L2L 3L1 P2P

 )(  

 AB) (  

 C D(sag)  C      y Dy )( 
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 1h

 

 

 

 

=?   H=? CD=?   TBC=?   TAB=?   Ty=?   Dx=?   DD=? , Ry=?   A xA =?AR  

 

1) 
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Point C 

 

∑MA = 0 

-Dy (5.5) +8(4) + 3(2) – Dx (2) = 0 

5.5Dy + 2Dx =38……..1 

∑MC= 0 

Dx (2) - DY (1.5) =0 

2 Dx – 1.5 DY =0……….2 

1  2 

DY =5.43KN 

Dx= 4.07KN 

RA = √Ax
2 + Ay

2 = √4.072 + 5.572 

RA = 6.9KN 

RD = √Dx
2 + Dy

2 = √4.072 + 5.432 

RD = 6.79KN 

∑FY= 0 

AY+DY-8-3=0 

AY+5.43-8-3=0 

                  → AY=5.57KN 

 

∑FX= 0 

Dx - Ax = 0  

Ax = Dx        → Ax=4.07KN 

 

 

TAB = RA = 6.9KN 

TDC = RB = 6.79KN
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2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

h= 2tan53.8 = 2.74 m  

 

 

 

 

 

∑FY = 0 

6.79sin53.13 – 8 + TCBSinθCB= 0 

TCBSinθCB =2.57…..1 

∑FX = 0 

6.79cos53.13 - TCBcosθCB=0 

TCB = 
4.07

cosθCB
   putting in eq (1) 

4.07 
SinθCB

cosθCB
  = 2.57 

4.07tanθCB = 2.57 

θCB = 32.3
◦ put this in above equation 

to get TBC 

6.79cos53.13 – TCBcos32.3= 0 

4.07 – 0.845TCB = 0 

TCB = 4.82KN 

 

 

θC = tan-(2/1.5) 

θC = 53.13 
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2

 

  

 

 

 

 

 

 

 

 

1 
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2 

 

 AB 

TAB = RA = 83lb 

 DC 

TDC = RB = 88.1lb 

 

 

 

∑MA = 0 

-Dy (12) +50(4) + 100(9) – Dx (4) = 0 

4Dx +12Dy   =1100……..1 

∑MB= 0 

Dx (3) - DY (8) + 100(5) =0 

3Dx – 8DY =-500……….2 

1  2 

DY =77.94lb 

Dx= 41.2lb 

RD = √Dx
2 + Dy

2 = √41.22 + 77.942 

RD =88.1lb 

 

∑FY= 0 

AY+DY-50-100=0 

AY+77.94-50-100=0 

                  → AY=72.06KN 

 

∑FX= 0 

Dx - Ax = 0  

Ax = Dx        → Ax=41.2KN 

RA = √Ax
2 + Ay

2 = √41.22 + 72.062 

RA = 83lb 
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 BC 

 

 

 

 

 

 

 

 

 

 

 

 

 

3   

 

∑FY = 0 

83sin60.3 – 50 - TBCSinθBC= 0 

TBCSinθBC=    22.096……..(2) 

∑FX = 0 

-83cos60.3 + TBCcosθBC=0 

TBC =  
41.12

cosθBC
  putting in eq (2) 

41.12 
SinθBC

cosθBC
 = 22.096 

41.12tanθBC = 22.096 

θ= 28.252◦ 

θBC = 28.252
◦                     put this in above equation to get TBC 

 

TBCSinθBC=    22.096 

TBC = 19.5/sin25.37 

TBC =46.7lb 
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TanθCD = 
DY

DX
 = 

77.94

41.2
                  θCD=62.14 

 

L=√72 + 42 + √52 + 2.692 + √32 + 5.682 = 20.2ft 
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 3   

 Dy

 

 

 

 

 

 

 

 

 

 

1  
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2 

AB

TAB = RA = 2.986KN

 DC 

TDC = RB = 3.72KN

 BC 

∑FY = 0 

-TBCSin21.8 – 2 +2.986Sin60.3= 0 

0.37TBC = 0.594 

TBC = 1.6KN 

∑MB = 0 

-7AX + 4AY = 0……..……1 

∑MC= 0 

-9AX +9AY -2(5) = 0……..2 

1  2 

AY =2.593KN 

Ax= 1.48KN 

RA = √Ax
2 + Ay

2 = √2.5932 + 1.482 

RA = 2.986KN 

 

∑FY= 0 

AY+DY - 2- 4=0 

2.593+ DY -2-4=0 

                  → DY=3.41KN 

∑FX= 0 

Dx - Ax = 0  

Dx = Ax        → Dx=1.48KN 

RD = √Dx
2 + Dy

2 = √3.412 + 1.482 

RD =3.72KN 
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3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L=√72 + 42 + √52 + 2.2 + √32 + 6.912 = 20.1m 

 

4 DY 

YD + 3tanθCD = 9 

YD = 9 - 3tan66.54 

YD =2.1m 
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Cables subjected to uniformly distributed load 

800Kg/m   

A,B,DY

 

 

 

 

 

 

 

 

 

1  

∑M0 = ي 

Ay (34) – (800x34)17 = 0 

Ay = 13600Kg 

∑Fy = 0 

13600 + Dy – (800*34) =0  

Dy = 13600Kg 

∑MB = 0 

-6Ax + (13600*17) – (800*17*8.5) =0 
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AX = 19266.7kg 

∑FX = 0 

-AX + DX =0 

DX = AX →  DX = 19266.7kg 

RA = √Ax
2 + Ay

2 = √19266.72 + 136002 

RA = 23583.2Kg 

RD = √Dx
2 + Dy

2 = √19266.72 + 136002 

RD= 23583.2Kg 

2 

TA = RA=23583.2Kg 

TD = RB = 23583.2Kg 

TB = H =19266.7kg  

3 Y  

∑Fy= 0 

V – 800X = 0 → V=800X 

∑Fx= 0 

-H + TB = 0 → TB = H 

Sinθ = 
V

T
 → V= Tsinθ 

V= Tsinθ   →   800X = Tsinθ   → sinθ = 
800X

T
 

Cosθ = 
H

T
  

tanθ = 
sinθ 

Cosθ
  →  

800X

T
H

T

 =  
800X 

H
 

AX = DX = H 

AX = DX = H 
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tanθ =  
800X 

H
                         tanθ = 

dy 

dx
 

dy 

dx
  = 

800X 

H
   → ʃ  

dy 

dx
 = ʃ 

800X 

H
.dx → = 

800x2

2H
  = 

400x2

H
  

 

Y=  
400x2

H
                                  Y=  

400x2

19266.7
   = 0.021X2 

Y= 0.02076X 2 

4  

 = L +  
8HB

2

3L
  = 34 + 

8.62

3.34
 = 36.8m 

 

 

 

H
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1  

 

∑MD= 0 

Ay (100) – (60*100*50) = 0 

Ay = 3000 KN 

∑Fy = 0 

3000 + Dy – (60*100) =0  

Dy = 3000 KN 

∑MB = 0 

-12Ax + (3000*50) – (60*50*25) =0 

AX = 6250KN 

 

∑FX = 0 

-AX + DX =0 
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DX = AX   → DX = 6250KN 

H= DX= AX=6250KN 

RA = √Ax
2 + Ay

2 = √62502 + 30002 

RA = 6932.7KN 

RD = √Dx
2 + Dy

2 = √62502 + 30002 

RD= 6932.7KN 

2  

(Slope) B

   H 

= H = 6250KN MinT

3  

=6932.7KND= RA R = MaxT
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1  

 

 

 

 

 

 

 

 

 
∑Fy = 0 

∑FY= 0 

172 + Dy – (12*42) =0  

∑MD= 0 

Ay (42) + AX(11) – (12*42*21)= 0 

42Ay – 11AX = 10584……1 

∑MB = 0 

-4Ax + (AY*13)) – (12*13*6.5) =0 

13AY - 4AX = 1014……2 

AX = 305.5KN 

AY = 172KN
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Dy = 332 KN 

X    AXD)=0XF∑ (   

DX = 305.5KN 

2)  

 

TA = √Ax
2 + Ay

2 = √305.52 + 1722 

RA = 351KN 

3)  

TD = √Dx
2 + Dy

2 = √305.52 + 3322 

RD= 451.2KN 
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 (Suspension Bridges) 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

∑MM= 0 
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-96VA – (5*72) – (4*36) – 36HE +96VE+36HD= 0 

  E= H DH

96VE – 96VA = 504 ………) 1) 

∑MB= 0 

-48VA – (5*24) – 36HE + 48VE + 22HE = 0 

48VE - 48VA -14HE = 120 ……………) 2( 

 

96VE – 96VA = 504 ……………….…) 1) 

48VE – 48VA -14HE = 120 ……………) 2( 

۱۲  =  EH

9.43K

0w

W0 = 
2 .HE.  h

Z2  



                                                                                            101 

 EH h ZA  

 B 

W0 = 
2 .HE.  h

Z2  = 
2∗9.43∗14 

482  = 0.115K/ft 

Tmax = w0. Z { √1 + (
Z

2.h
)

2
  } 

Tmax = 0.115 . 48 { √1 + (
48

2 .  14
)

2
  } = 10.9K 

Tmax =10.9K 
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50KN  

ED

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
∑MM= 0 

-24VA – (50*9) – 14HE +24VE+14HD= 0 

  E= H DH

24VE – 24VA = 450 ………) 1) 
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∑MB= 0 

-12VA – 14HE + 12VE + 6HE = 0 

12VE - 12VA -8HE = 0 ……………) 2( 

 

24VE – 24VA = 450 ………………) 1) 

12VE - 12VA -8HE = 0 ……………) 2( 

۱۲   =  EH

28.13KN

0w

W0 = 
2 .HE.  h

Z2  

 EH h ZA  

 B  

W0 = 
2 .HE.  h

Z2  = 
2∗28.13∗8 

122  = 3.13KN/m 
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Tmax = w0. Z { √1 + (
Z

2.h
)

2
  } 

Tmax = 3.13 . 12 { √1 + (
12

2 .  8
)

2
  } = 10.9K 

Tmax = 46.9KN 
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(Exercise) 

1) h

 

 

 

 

 

 

 

 

 

 

 

 

 
2)  
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 ( Arches) 

 

 

)

(

Funicular Arch 
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Fixed archTwo hinge arch 

Three hinge archTied arch

1) (Fixed Arch )   

2 (Two hinge Arches )  

(Metal or timber) 
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3 (Three Hinge Arches )   

(Metal or timber)

 

 

 

 

 

 

 

 

 

 

4) (Tied Arches)  
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)(
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Analysis of three hinge arch 

(Crown)

XAYAXBYB XCYC
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AB

 XC

yC

)( 

 

   M=MX - HY
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1

 

 

 

 

 

 

 

 

 

 

∑MA= 0 

-80Cy + (160*40) = 0 

CY = 80K 

 

∑MC= 0 

- 80AY + (160*40) = 0 

 AY = 80K 
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∑MB= 0 

(80*40)  - 15AX – (80*20) = 0 

AX = 107K 

We know that  

AX = CX = 107K 

 

 

 

Ax

 xY

 𝑦𝑥 =
4.15

802
𝑥(80 − 𝑥) 

  Yx=0.75x-0.0094x2 

x xM 

Mx= -(2.x.x/2)+80x 

 Mx= 80x-x2 

        →   H =
∫ (80x−x2)(0.75x−0.0094x2) dx

80
0

∫ (0.75x−0.0094x2)280
0

dx
    =   

1019900

95236
  = 

107K 

H=Ax = Cx = 107K
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280

∑MC   = 0  

= 60KY(80*60) = 0                                                                 A – Y80A 
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∑Fy   = 0  

(80) = 0 - Y+CYA 

= 20KY60 = 20K                   C –= 80 Y C   = 80                            Y + CY A 

 

∑MB   = 0  

(80*20) = 0 –+ (60*40)  X15A-  

1600 = 0 –+2400  X15A- 

= 800                                   X15A 

=53.3KX =53.3K                                and                                 CXA

H= 
 𝑊𝐿2

16𝑌𝐶
                     

2(40)2

16.15
   = 53.3K 
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3

30m 50KN/m  

D 

)D(N )D(V)D(M

 

 

 

∑MA= 0 

-30Cy + (1500*15) = 0 

CY = 750KN 

∑MB= 0 

- (750*15) + (50*15*7.5) + 7.5CX = 0 

CX = 750KN 
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BC 

∑FX= 0 

BX – 750 =0 

BX = 750KN 

∑MC= 0 

15BY + (750*7.5) – (750*7.5) =0 

BY = 0 

BD(x=7.5m from B 

)  
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X = 7.5m 

YD = 
−𝟕.𝟓

(𝟏𝟓)𝟐 𝐱𝟐 = 
−𝟕.𝟓

(𝟏𝟓)𝟐 7.52  

YD = -1.875m 

Tanθ = 
dy

dx
 = 

d

dx
 ( 

−7.5

(15)2 x2 )  

Tanθ = 
−𝟕.𝟓

(𝟏𝟓)𝟐 . 2x  put x=7.5 

Tanθ = 
−𝟕.𝟓

(𝟏𝟓)𝟐 . 2(7.5)  = - 0.5 

θ = 26.6◦ 

∑FX= 0 

- NDcos26.6 - VDsin26.6 +750 =0 

- 0.894ND - 0.45VD + 750 = 0 …….. (1) 

∑FY= 0 

NDsin26.6 – VDcos26.6 -375 = 0 

0.5ND - 0.894VD – 375 = 0 …………… (2)  

12

ND = 838KN 

VD = 0 

∑MD= 0 → (750*1.875) – (375*3.75) – MD =0 

MD = 0 

D) D(N
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420

  

∑MB= 0 

20AY - (40*18) – (40*15) – (10*20*10) =0 

AY = 166KN 

∑FY= 0 

166 + BY – 40 – 40 – (10*20) =0 

BY = 114KN 

∑MC= 0 

(166*10) -  4AX – (40*8) – (40*5) – (10*10*5) = 0 

 AX = 160KN 

 Also AX = BX = 160KN 
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536

C) C(V)X(C)C(M

1 

∑MB= 0 

36AY – (72*27) =0 

AY = 54KN 

∑MC =0 

(54*18) – (8AX) – (72*9) = 0 

AX = 40.5KN                           we know that                  BX=40.5KN 

∑FY= 0 

54 + BY – 72 =0 

BY = 18KN 
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2  CV CN CM

CX =40.5KN 

∑FY= 0 

54 -72 – CY =0 

CY = -18KN 

∑MC =0 

-MC + (54*18) - (40.5*8) – (72*9) =0 

MC = 0

                                           

 



                                                                                            122 

6 5.5

 

∑MA=0     

-5.5CY + (10*4.5) + (15*0.5) =0 

CY = 9.55KN 

∑Fy=0  

AY   + 9.55 -15-10 = 0 

AY = 15. 5KN 

Section AB

∑MB=0     

(15.5*2.5) - (2T) – (15*2)=0 

T = 4.32K
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7  

 

 

 

 

 

 

∑MB=0   →   48AY – (18*36) =0  →   AY = 13.5KN 

∑MA=0   →    -48BY + (18*12) = 0 →    BY = 4.5KN 

∑FX=0    →     AX = BX  

∑MC=0   →   -9AX – (18*12) + (13.5*24) =0    →    AX = BX =H = 12KN 

XY 

𝑦 =
4𝑦𝑐

𝐿2
. 𝑥. (𝐿 − 𝑥) 

𝐲 =
4.9

482
. x. (48 − x) = 𝟎. 𝟕𝟓𝐱 − 𝟎. 𝟎𝟏𝟓𝟔𝐱𝟐 

𝐲12 = 𝟎. 𝟕𝟓(𝟏𝟐) − 𝟎. 𝟎𝟏𝟓𝟔(𝟏𝟐)𝟐 = 𝟔. 𝟕𝟓𝐦 

AD

∑MP=0   →   13.5x -  12y  -  MX  = 0   →  MX  = 13.5x  -  12y  

MX = 13.5x - 12y   →        0 ≤ x ≤ 12        0 ≤ y ≤ 6.75     
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𝑥 = 0
𝑦 = 0

  } MA = 13.5x -  12y = 0 

𝑥 = 12𝑚
 𝑦 = 6.75𝑚

  } MD = (13.5*12 – 12*6.75) = 81 KN-m 

                         

 

DC 

∑MP=0   →   13.5(12+x) - 12(6.75+y) – 18x - MX = 0  

→ MX = 162 +13.5x-81-12y-18x  

MX = - 4.5x – 12y + 81 

MX = - 4.5x – 12y + 81→ 0 ≤ x ≤ 12      0 ≤ y ≤ (9 - 6.75)  

  
𝑥 = 0
𝑦 = 0

  } MD = 81KN-m 

𝑥 = 12𝑚
 𝑦 = 2.25𝑚

  } MC = 0 

CB 

∑MP=0   → -4.5x +12y + MX = 0  

MX = 4.5x – 12y     0 ≤ x ≤ 24      0 ≤ y ≤ 9 

𝑥 = 24𝑚
 𝑦 = 9𝑚

  } MC = 0 

𝑥 = 0
𝑦 = 0

  } MB = 0 
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(Exercise) 

1)  

 

 

2) D

20KN/m  

 

 

 

 

 

 

 

 

 

3) ABC
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4) 8 

  

 

 

 

 

 

5)  
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(Analysis of statically determinate 

 Trusses) 

Truss)( 

(Metal and Wood )

9m30m

 

(Gusset Plate)  

(Joints)  
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(Types of Trusses)  

1 (Roof Trusses)  

(purlins) (Joints) 

(Bent) 

bay 

18mbay4.6m  

30mbay6.1m  

(slope ) 



                                                                                            131 
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2 (Bridge Trusses)  

(deck)

(stringers) 

(Floor Beams) 

(joints) 

(Wind ,EQ) 

lateral Bracing 
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1)  (Simple trusses)  

 

 

2) (compound Trusses) 

ه 

 

 

 

3) (Complex Trusses) 

 

 

۱(Method of joints)

۲(Method of section)

۳(Graphical Method)
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Analysis of Truss using Method of joint)

(Procedure for Analysis)   

  

 Free body diagram

 

 XY 

 XF∑  YF∑ 

  

 

 

 

 

  

  
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1  :

(Roof Truss) 

 

1 

 

 

 

 

 

∑MD = 0 → 12AY – (3*10) – (2*6) – (3*2) =0 → AY = 4KN 

∑FY = 0 →   4 + DY - 3 – 2 – 3 = 0                    → DY = 4KN     
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∑FX = 0 →    AX = 0     

 

Joint A: 

∑FY = 0 →   4 – FAGsin30 = 0 

FAG = 8KN (compression)  

∑FX = 0 →   FAB - FAGcos30 = 0 

FAB = 8cos30 

FAB = 6.93KN (Tension) 

 

 

Joint G: 

∑FY = 0 →   FGBsin60 – 3sin30 = 0 

FGB = 3KN (compression)  

∑FX = 0 → 8 - FGF - 3cos30 – 3cos60 = 0 

FGF= 5KN (compression) 

Joint B: 

∑FY = 0 →   FBFsin60 – 3sin30 = 0 

FBF = 1.73KN (Tension)  

∑FX = 0 → 6.93 + 1.73cos60+ 3cos30 + FBC = 0 

FBC= 3.46KN (Tension) 
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Final Diagram
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2  

1 (Support Reactions )  

 

 

 

∑MD = 0 → 24AY – (2*16) – (2*8) = 0   → AY = 2K 

∑FY = 0 →   2 + DY - 2 – 2 – 1.5     = 0   → DY = 3.5K 

∑FX = 0 →    AX = 0     
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Joint A: 

∑FY = 0 → 2 - FAHsin26.505 = 0  

FAH = 4.48K (compression)  

∑FX = 0  

FAB – 4.48cos26.505= 0  

FAB = 4K (Tension) 

 

 

 

Joint D: 

∑FY = 0 → 3.5 - FDE = 0  

FDE = 3.5KN (compression)  

∑FX = 0 → FDC = 0 

FDC= 0  

 

 

Joint B: 

∑FY = 0 →    FBH = 0  

FBH = 0  

∑FX = 0 → FBC = 0 

- 4 + FBC = 0 → FBC = 4K (Tension)
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Joint H: 

∑FY = 0 →    -2sin63.43 + FHCsin53.13 = 0  

FHC = 2.24K (compression)  

∑FX = 0 → FBC = 0  

+4.48 - FHG – 2cos63.43 – 2.24cos53.13 = 0 

  FHG = 2.24K (compression)

Joint F: 

∑FX = 0 → FBC = 0  

FFGcos26.505= 0 

  FFG = 0 

∑FY = 0 →    FFE – 1.5 = 0 

FFE = 1.5K (compression)  

 

 

Joint G: 

∑FX = 0 → FBC = 0  

2.24cos26.505 – FGEcos26.505= 0 

  FGE = 2.24K (compression) 

∑FY = 0 →     

-2-FGC+2(2.24sin26.505) = 0 

FGC = 0  
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Joint E: 

∑FX = 0 → FBC = 0  

2.24cos26.505 – FECcos26.505= 0 

  FEC = 2.24K (Tension)  

∑FY = 0 →     

-1.5+FED - 2(2.24sin26.505) = 0 

FED = 3.5k (Compression)   

 

 

Force Diagram: 
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3  

 

 

 

 

 

 

 

 

 

S.I=m+r-2j = 7+3-(2*5) = 0     ( (                                                  

 :Support Reactions )  ( 

 

 

 

 

∑MD = 0 → 6AY – (20*6) – (30*3) = 0   → AY = 35kN 

∑FY = 0 →   35 + DY - 20 – 30 -20 = 0     → DY = 35kN 

∑FX = 0 →    AX = 0     
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Joint D: 

∑FY = 0 →     

35 + FCDsin26.505 – 20 = 0 

FCD = -33.5KN (Compression)   

∑FX = 0 → FBC = 0  

-FDE – (-33.5cos26.505) = 0 

  FDE = 30kN (Tension)  

 

Joint E: 

∑FY = 0 →     

FEC = 0 

∑FX = 0 → -FAE +30 = 0  

  FAE = 30kN (Tension)  

 

 

 

Joint A: 

∑FX = 0 → +FACcos26.505 +30 = 0  

  FAC = -33.5 KN (compression)  

∑FY = 0 → (-33.5sin26.505) + 35+ FAB=0   

FEC = -20 (compression) 

 

Joint B: 

∑FX = 0 → +FBCcos26.505 = 0  

  FBC = 0 
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Force Diagram:  
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4   

 P=8KN     

 

 

 

 

 

 

 

 

(Support Reacrions)    

 

 

 

 

 

∑ME = 0 → -4AY + (8*4) = 0   → AY = 8kN 

∑FY = 0 → - 8 + EY - 8 = 0      → EY = 16kN 

∑FX = 0 →    AX = 0     
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Joint D:  

∑Fy= 0 → +FDCsin60 – 8 = 0  

  FDC = 9.24 KN (Tension)  

∑Fx = 0 → -FDE - 9.24cos60 =0   

FDE = -4.62 (compression) 

 

Joint C: 

∑Fy= 0 → +FCEsin60 – 9.24sin6 = 0  

  FCE = 9.24 KN (compression)  

∑Fx = 0 → - FCB +2(9.24cos60) =0   

FCB = 9.24KN (Tension) 

 

 

 

Joint B:  

∑Fy= 0 → +FBEsin60 – FBAsin6 = 0  

  FBE = FBA  

∑Fx = 0 → 9.24 - 2Fcos60 =0   

F = 9.24KN  

FBE = 9.24KN (compression)  

FBA = 9.24KN (Tension) 
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Joint E: 

∑Fx = 0 → FEA + 9.24cos60 - 9.24cos60 - 4.62=0   

FEA = 4.62 KN (Compression) 
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5 8KN

6kND(P)  

 

 

 

 

 

 

 

 

 

 

 

 

Joint D:  

∑Fy= 0 → +FDCsin60 – P = 0  

  FDC = 1.1547P (Tension)  

∑Fx = 0 → -FDE – (1.1547P) cos60 =0   

FDE = -0.57735P (compression) 
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Joint C:  

∑Fy= 0 → +FCEsin60 – 1.1547Psin60 = 0  

  FCE = 1.1547P (compression)  

∑Fx = 0 → - FCB +2(1.1547Pcos60) =0   

FCB =1.1547P (Tension) 

 

 

 

 

Joint B:  

∑Fy= 0 → +FBEsin60 – FBAsin6 = 0  

  FBE = FBA  

∑Fx = 0 → 1.1547P - 2Fcos60 =0   

F = 1.1547P  

FBE = 1.1547P (compression)  

FBA = 1.1547P (Tension) 
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Joint E: 

∑Fx = 0 → FEA + 1.1547Pcos60 – 1.1547Pcos60 – 0.57735P=0   

FEA = 0.57735P (Compression) 

 

 

 

 

 

 

 

 

1.1547P   

1.1547P   

P1.1547P = 8        

  P = 6.93KN 

P1.1547P = 6        

  P = 5.20KN 

Here the value of P=5.20KN controls the design, if we assume p=6.93 then it 

exceeds the capacity of compressive forces 
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6 

)(

 

 

 

 

 

 

 

 

 

 

2 

 

 

 

 

∑MD = 0 → 16AY – (10*12) – (10*8) – (10*4) = 0   → AY = 15KN 

∑FY = 0 →   15 + DY - 10 – 10 – 10     = 0                  → DY = 15KN 

∑FX = 0 →    AX = 0     
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Joint A:  

∑Fy= 0 → -FAHsin36.9 + 15 = 0  

  FAH = 25KN (compression)   

∑Fx = 0 → - 25cos36.9 + FAB =0   

FAB = 20KN (Tension)   

 

 

Joint B:  

∑Fy= 0 → -10 + FBH = 0  

  FBH = 10KN (Tension)   

∑Fx = 0 → - 20 + FBC =0   

FBC = 20KN (Tension)   

 

 

Joint H:  

∑Fy= 0 →  

- FHGsin36.9 + FHCsin36.9 + 25sin36.9 = 0  

  - 0.6FHG + 0.6FHC + 15 = 0…… (1) 

∑Fx = 0 →  

- FHGcos36.9 – FHCcos36.9 + 25cos36.9 =0   

- 0.8FHG - 0.8FHC +20 = 0……… (2) 

Solving (1) and (2) We get.      FHG = 16.7KN(C)    and FHC =8.33KN(C) 
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Joint G:  

∑Fy= 0 →  

FGFsin36.9 + 16.7sin36.9 - FGC = 0  

 0.6FGF – FGC + 10   = 0…… (1) 

∑Fx = 0 →  

- FGFcos36.9 + 16.7cos36.9 =0   

FGF = 16.7KN (C)  

Putting in Equation (1) we get        

=  20KN(T)     GCF 
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(Zero Force Members) 

Stability 

1  

A C90 

 

CDCB

 

A

2 

D

4 

A 

∑FX = 0   →     FCB = 0  

∑FY= 0   →      FCD = 0  

 

∑FY= 0   →      FABsinθ = 0           → FAB = 0 

∑FX = 0   →     (0) cosθ + FAE = 0 → FAE = 0 

∑FY= 0   →      FDF = 0  

 CFF 0 =همدارنګه     
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Joint D: 

∑FY= 0    →       FDCsinθ = 0     →   FDC = 0 

 ∑Fx = 0   → FDE - (0) cosθ =0   →   FDE = 0 

 

 

 

Joint E: 

∑FY= 0    →       FEC   - P = 0     →   FEC = P 

 ∑Fx = 0   →       -FEF +0 = 0      →   FEF = 0 

 

 

 

 

Joint H: 

∑FY= 0    →       FHB   = 0     →   FHB = 0 
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Joint G: 

∑FY= 0    →       FGA   = 0     →   FGA = 0 

 

 

 

Zero force Members  

GA, HB, EF, DE, and DC 
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Analysis of truss using method of section 
 

)(

GC 

BCGF

(a-a) 
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1GJ  CO

GJa-a   

 

∑MI = 0  →   6FGJsin30  -  (300*3.464)  =0 

6FGJsin30 - (300*3.464) =0

   FGJ = 
300∗3.464

6sin30

   FGJ = 346 lb (compression) 
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COb-b    

 

 

 

 

 

 

 

 

 

 
∑MA = 0  →   6FCO  +  (300*3.464)  =0 

FCO = 173 lb (Tension) 
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2

 

 

 

 

 

 

 

 

 

        (Support Reactions)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

∑MD = 0 

12RA - (4x4.5) – (8x1.5) = 0 → RA =5 KN 

∑Fy = 0 

5+RD -8-4 = 0                        →   RD = 7KN 
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1-1  

∑Fy=0 

FABSin60 + 5 = 0 

FAB = -5.77KN 

 

∑Fx=0 

(-5.77) cos60 + FAE = 0 

FAE = 2.88KN 

 

4 -4    

∑Fy=0 

FDCSin60 + 7 = 0 

FDC = -8.08KN 

 

∑Fx=0 

(-8.08) cos60 + FDE = 0 

FDE = 4.04KN 

2 -2    

            Tanφ = 
h 

1.5
 

                                                                                                            h = tan60 

(1.5) 

                                                                                                            h=2.6m
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∑Fy=0 

5 – 4 – FBECos30 = 0 

FBE = 1.15KN 

 

∑MA=0 

(4x1.5) + (1.15cos30 x 1.5) + (1.15sin30 x 2.6) + 2.6FBC = 0 

FBC = -3.5KN 

 

∑Fx=0 

FAE + (1.15sin30) -3.5= 0 

FAE = 2.9KN

3 -3    

 

 

 

 

 

 

 

 

 

 

∑Fy=0 

7 – 8 – FCECos30 = 0 

FCE = -1.15KN 
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AB 5.77 

AE 2.88  

BC 3.5  

BE 1.15  

DE 4.04  

DC 8.08  

CE 1.15  
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3HG,BG BC

 )

(   

1 

 

 

∑ME=0 

12AY - (6*9) – (7*6) – (4*3) = 0 → AY = 9KN 

∑FY=0 

9 + EY – 6 – 7 – 4 = 0                   → EY = 8KN 

∑FX=0 

AX = 0
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Method of Section: 

∑MG=0 

FBC (4.5) + (6*3) – (9*6) = 0 

FBC = 8KN (T) 

∑MB=0 

FHG ( 
1

√5
 ) (6) - (9*3) =0  

FHG=10.1KN (C) 

 ∑Mo=0 

FBG ( 
1.5

√3.25
 )(6) + (9*3) – (6*6) = 0  

FBG = 1.8KN (T) 
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(Exercise) 

1 

)(

2 

)(

3 

)(
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4 

)(AG=GF=FE=ED

 

5 OD KF
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(Methods of deflection) 
 

 

(deflection) (Slope)

(deflection and slope) 

(stability ) 

deflectionslope

(Elastic curve) 

)(Elastic curve  
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The deflected shapes (elastic curve) of some of the Beams are given below. 

 

 

 

 

 

 
 

Draw the elastic curve of following Beams??
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(Double integration Method) 

x

(Slope)(deflection)

(constant)

d2v

dx2
=  

M

EI
(θ) 

(∆)

ABBCCD

1x2x3x

(constant))

(

1  Aθ∆

ksi3E=29 x 104=16.4 inI 
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EI
d2v

dx2
=  M … … … (1) 

 

First integration: 

EI
d2v

dx2
=  M ≫ EI ∫

d2v

dx2
 dx =  ∫ M. dx ≫ EI

dv

dx
= Mx + C1 ≫ EI

dv

dx
= Mx + 𝐶1 

EI
dv

dx
= Mx + C1 … … … (1)

Second integration: 

EI
dv

dx
=  Mx + C1 ≫ EI ∫

dv

dx
 dx =  ∫(Mx + C1 )dx ≫ EI. v =

Mx2

2
+ C1x + C2 

EI. v =
Mx2

2
+ C1x + C2 … … . (2) 

 

When x=0   then     
dv

dx
= 0  and v = 0 and C1= C2=0 

EI
dv

dx
= Mx 

 

EI. v =
Mx2

2
 

 

We know that    
dv

dx
= 𝜃     𝑎𝑛𝑑 𝑣 = ∆ 
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𝜃 =
Mx

EI
                 ∆=

Mx2

2EI
                       

Slope (θ):  

θA =
(15 ∗ 12)(12 ∗ 12)

(29 ∗ 103)(16.4)
= 0.0545rad  

 

Deflection (∆):  

∆A=
(15 ∗ 12)(12 ∗ 12)2

2(29 ∗ 103)(16.4)
= 3.92  

 
2  

4KN/m 

(deflection)

EI 

Elastic Curve 

  

(Moment function)
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EI
d2v

dx2
=  20𝑥 − 2𝑥2 … … … (1) 

 

First integration: 

EI
d2v

dx2
=  20𝑥 − 2𝑥2 ≫ EI ∫

d2v

dx2
 dx =  ∫ 20𝑥 − 2𝑥2. dx ≫ EI

dv

dx

= 10x2 − 0.6667x3 + C1

Second integration: 

EI
dv

dx
=  Mx + C1 ≫ EI ∫

dv

dx
 dx =  ∫(10x2 − 0.6667𝑥3 + C1 )dx ≫ EI. v

= 3.333𝑥3 − 0.1667𝑥4 + 𝐶1𝑥 + 𝐶2 

 

EI. v = 3.333𝑥3 − 0.1667𝑥4 + 𝐶1𝑥 + 𝐶2 … … . (2) 

 

When x=0   then     v = 0  

EI. v = 3.333x3 − 0.1667x4 + C1x + C2 

EI. (0) = 3.333(0)3 − 0.1667(0)4 + C1(0) +  C2  >>>>>>>>  C2 = 0 

 

When x=10   then     v = 0 ,   

EI. (10) = 3.333(10)3 − 0.1667(10)4 + C1(10) + C2>>>>>>C1 = -166.7 

x=5m 

Slope (θ):  

θ5m = 0 

 

Deflection (∆):  

EI. (V) = 3.333(5)3 − 0.1667(5)4 + (−166.7)(5) = 

𝑉𝑚𝑎𝑥 = − 
521

𝐸𝐼
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3 ME(∆) EI

(Support Reactions) 
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〈 〉x

M = [500x − 
400

2
〈𝑥 − 1〉2 +

400

2
〈𝑥 − 4〉2 +  1300〈𝑥 − 6〉] N-m 

∫ EI
𝑑2𝑣

𝑑𝑥2
= ∫ [500x − 

400

2
〈𝑥 − 1〉2 +

400

2
〈𝑥 − 4〉2 +  1300〈𝑥 − 6〉]

EI 
𝑑𝑣

𝑑𝑥
= [250x2 − 

200

3
〈𝑥 − 1〉3 +

200

3
〈𝑥 − 4〉3 +  650〈𝑥 − 6〉2 + 𝐶1] 

 

EIv = [250x3 − 
50

3
〈𝑥 − 1〉4 +

50

3
〈𝑥 − 4〉4 + 

650

3
〈𝑥 − 6〉3 + 𝐶1𝑥 + 𝐶2]
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)1, C 2(C=0EIv

x=0Boundary condition 
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(Moment Area Method for Deflection 

۱۸۷۳

  

(First Theorm)

𝑀

𝐸𝐼

θB/ABA

:(Second theorm) 

ATangent)((Deviation)

B
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1  BCθ

ksi3E=29 x 104=600 inI 
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 

 

 

 

 
M

EI
   :

 Moment Area theorm

θB = A B
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θB = - ( 
30

EI
∗ 15 ) - 

1

2
 (

30

EI
∗ 15) 

 

θB = −
675 k−ft

2

EI
 → −

675 .12∗12 k−in2

29∗103∗600 k−in2   = −0.0059rad

θC = C A 

θC =    - 
1

2
 (

60

EI
∗ 30) 

θC = −
900 k−ft

2

EI
 → −

900 .12∗12 k−in2

29∗103∗600 k−in2   = −0.00745rad
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(Conjugate Beam Method for Deflection) 

(First Theorem)

(Slope, θ)(conjugate beam)

(Second Theorem)

(Displacement, Δ)(conjugate 

beam)

1865 

Cslopedisplacement 

        C= V Cθ         C∆=  CM  
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  

  

  

 

 

 

 

 M/EI 

 M/EI

M/EI 

 

 

 

 
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1B)BΔdisplacement, )Bθ(slope, 

1 

=5k          AR 

ft-= 75k AM 

2 M/EI  

 

 

 

 

 

 

 

3)  (Conjugate Beam )  
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4 (Equilibrium) 

B θ∕
B VB∆ ∕

BM

 

 

 

 

 

∑FY = 0 →   -   
562.5 k−ft2

EI
   -  VB

/ = 0 

θB = VB
/ = -   

562.5 k−ft2

EI
 = 

562.5∗12∗12 k−in2

29∗103∗800k−in2  = -0.00349rad 

θB = -0.00349rad 

∑MB
/ = 0   →   (

562.5 k−ft2

EI
 ∗ 25) + MB/  

∆B = MB
/ = −

14062.5 k−ft3

EI
  =  −

14062.5∗12∗12∗12 k−in3

29∗103∗800 k−in2   =   -1.05in 

∆B = -1.05in 

2C)cΔdisplacement,  EI 
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1 M/EI  

 

 

 

 

 

 

 

 

 

 

 

2)  (Conjugate Beam )  
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∑FY = 0 → - (  
112.8∗3.28 

2EI
 )   +   (  

93.6∗8.72 

2EI
 )   -   VB 

/     = 0 

VB
/ = 

223

EI
 

3)  (Equilibrium )  

C) C∆(

/           
C=   MC   ∆C

 

 

 

3B)B(slope, θ

(maximum Δdisplacement, )Ksi 3E=29*104     I=500in 

∑MC = 0  

( 
223

EI
 * 6) - ( 

281

EI
 * 2 ) + MC

/ =0 

MC
/ = ∆C

 = - 
776

EI
 (downward)  
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1  

2) M/EI   

3 (Comjugate Beam)  
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4)  (Equilibrium )  

B) B∆(

/     
B=   MB   ∆/

B=VBθ

∑FY = 0 → - (  
120 

EI
 )   - VB 

/     = 0 

VB
/ = θB = −

120∗12∗12 k−in2

29∗103∗500 k−in2  = - 0.0012rad 

DislacmentC
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∑MC = 0  

- ( 
120

EI
 * 6.67 ) -  MC

/ =0 

MC
/ = ∆C

 = - 
800.4

EI
 = - 

800.4∗12∗12∗12 k−in3

29∗103∗500 k−in2  = - 0.095in   (downward)  
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(Exercise)  

1 C) C(θE=200GPa 6I=6*10

use Moment Area method 4mm 

 

 

 

 

 

 

 

 

2 C) C(θksi3E=29*10I=600 

use Moment Area method 4in 

 

 

 

 

 

 

 

3  displacement ) max∆(E=200GPa

4mm6I=60*10   use Conjugate Beam method 
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4 C) C(θC∆EI 

Use moment Area method 

 

 

 

 

 

5 C) C(θC∆EI 

Use conjugate Beam method 
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