Dr.Mahalingam College of Engineering & Technology

Pollachi  - 642 003

MODEL EXAMINATION QUESTIONS AND ANSWERS
Class & Branch:  III B.E - CIVIL
Max Marks: 100

Sub.Code & Name: STRUCTURAL ANALYSIS -II
Date : 30.03.2011 FN
Semester: VI
Time:  
Part-A (20(2=40 Marks)

Answer all questions:

1). Write down the formula for internal, external and total degree of indeterminacy for frame?
Internal degree of Indeterminacy Ii = 3m+3-3j or Ii = 3(m-j)+3
External degree of Indeterminacy Ie = R-3

Total degree of Indeterminacy It = 3m+R-3j or It = 3(m-j)+R

where m is number of members, j is number of joints and R is number of external unknown reactions

2). What is flexibility co-efficient?
Flexibility co-efficient also known as influence coefficient aij is the generalized deformation (displacement, deflection or rotation) at co-ordinate i due to the generalized unit force (Force or moment)  at a co-ordinate j.
3). Write down the flexibility matrix and stiffness matrix for beam element.
For Beam element:

Flexibility matrix 
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4). Define local and global coordinates
Structure consists of many members oriented in different directions. Coordinates oriented with the member axes are called local coordinates. Where as a coordinates used with a common reference axes for all members in the structure is called global coordinates or system system coordinates.
5). Write the relationship between the elemental displacements with system displacements in flexibility method?
Transformation matrix [b] relates elemental displacement {α } with system displacements {u} as follows:

{α } = [b] {u} 
6). What is a primary structure?
If the structure is not initially determinate, it has to be made determinate structure by introducing sufficient releases such as hinges and cuts. The structure so reduced to a determinate state is called the primary structure. 
7). Define stiffness coefficient?
Stiffness co-efficient kij is the force (force or moment) required at co-ordinate i while introducing unit displacement (displacement, deflection or rotation) at j and zero displacement (displacement, deflection or rotation) at all other coordinates.

8). What is kinematic indeterminacy?
Number of independent degrees of freedom required to define the deformed shape of the structure in a unique manner is called kinematic indeterminacy. 
9). How do you account sway in the matrix stiffness method?
By considering one coordinate for horizontal movement (sway) and including the rotation in transformation matrix due to that sway, the effect of sway can be added to the stiffness matrix. Then, the same procedure shall be followed.  
10). Explain the indirect method of arriving stiffness matrix.

Step 1: Obtain transformation matrix [β]. Element βij is the measure of the displacement (displacement, deflection or rotation) at coordinate i  while introducing the unit displacement for coordinate j without violating the kinematic compatibility condition.
Step 2: Assemble all the element stiffness matrices into assembled stiffness matrix. Once these two matrices are found, then the system stiffness matrix can be obtained by 

[K] = [β]T[k][β] where [K] is the system stiffness matrix, [k] is the assembled stiffness matrix and [β] is the transformation matrix.
11). Explain the difference between displacement function and shape function?
Displacement function within an element, in FEM,  is the simple mathematical interpolation polynomial function in terms of element’s nodal displacements and spatial coordinate of a location within an element which gives the displacement at that location. The product of shape function matrix and the nodal displacement vector gives the displacement at the location. Further more, main property of shape function is sum of all the shape function will be 1.
12). What is CST element?
CST (Constant strain triangular) element is the simplest form of 2D elements having 3 nodes. The displacement field can be expressed only in linear terms of  x and y. First derivative of the displacement is the strain which will be constant everywhere within the element. Unlike other finite elements, element stiffness matrix [k] for this element can be written in terms of the geometry of the element (nodal co-ordinates and thickness) and the elasticity matrix [D]. 
13). What is the collapse load in a simply supported beam of span ‘L’ carries a central point load in terms of the plastic moment of resistance?
Let Plastic moment of resistance of the beam is MP. There should be a plastic hinge at the centre for the collapse. Hence equating external work done (W*L*θ/2) to Internal work done (MP*2*θ), collapse load W is found as 4MP/L.
14). Explain shape factor.
Shape factor is a geometrical property of a section and it depends only on the shape of the cross section. The shape factor (S) is defined as the ratio of the plastic moment of a section to the yield moment of the section. The shape factor is also the ratio of the plastic modulus of the section to the elastic modulus of the section.
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where MP is the plastic moment of resistance (Plastic moment capacity), M is Yield Moment of resistance (Moment capacity), ZP is plastic modulus, Z is elastice modulus of the section and σy is yield stress of the material which finally does not affect the Shape factor.
15). What is meant by load factor?
Load factor ‘λ’ is the ratio between the ultimate load (collapse load) Wu to the working load W. 
16). Why static method is called lower bound theorem in plastic analysis?
Static method or virtual work method of plastic analysis states that a collapse load computed is less than or equal to the true ultimate load. Hence, the computed collapse load always either equal or less than true ultimate load and never will more than the true ultimate load. Hence, this method is called lower bound theorem.
17). What is tension co-efficient?
Tension coefficient for a member is defined as the ratio of the axial force in the member to the length of the member. Positive value of tension coefficient means tensile and negative values means compressive.
18). Why tension coefficient method is more suitable for space truss analysis?
It is a more general approach compared to the method of joints and method of sections. Becaue of 3D geometry in space truss, tedious computation is involved in the method of joints and method of sections. The method of tension coefficients offer is a systematic process and hence it is suitable for space truss analysis.
19). What are the resisting forces developed in the beam curved in plan?
The resisting forces developed in the beam curved in plan are 1. bending moment 2. shear force 3. little axial force as happen in the ordinary straight beam and 4. additional twisting moment (torsion) in the case of beam curved in plan.
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Draw a sketch of suspension bridge and label the parts.
Part-B (12 marks Questions) 
21). Explain the steps involved in of flexibility matrix method and stiffness matrix method side by side in the form of tabular column.
(12)
	STEPS
	FLEXIBILITY MATRIX METHOD
	STIFFNESS MATRIX METHOD

	1. 
	Static indeterminacy is to be findout
	Kinematice indeterminacy is to be findout.

	2. 
	Primary structure is to be made by releasing redundants member with hinges and cut and with unknown forces {F0}
	

	3. 
	Elemental (internal) coordinates ( for {P}, {δ} ) and system coordinates ( for {F}, {u} ) are to be determined.
	Elemental (internal) coordinates ( for {P}, {δ} ) and system coordinates (for {F}, {u} ) for each kinematic degree of freedom are to determined

	4. 
	Find Fixed end moments {FEM} due to off joint loads and equivalent joint forces {Pe} for off joint loads which is 

{Pe} = - {FEM}
	Fixed end moments {FEM} due to off joint loads is to be found 

Equivalent elemental forces at joints {Pe} for off joint loads is {Pe} = - {FEM}

	5. 
	A matrix [bs] relating elemental forces to the known system forces {Fs} is to formed
	Transformation matrix [β] is to be found out that relates elemental coordinates and system coordinates (i.e)

{P} = [β] {F}

	6. 
	A matrix [bo] relating elemental forces to the unknown system forces {Fo} is to formed.
	{Fs} system load due to the off joint loads is to be found using {Fs}= [β]T {Pe}

	7. 
	Then transformation matrix [b] = [ [bs] [bo]]. 
	Find {Fj}, if any, which are external moments or forces acting exclusively at joints
Total system force {F} = {Fs}+{Fj}

	8. 
	Flexibility matrices [α1], [α2], [α3] etc for elements based on their types and assembled flexibility matrix [α] for the structure is to be formed.
	Stiffness matrices [k1], [k2], [k3] etc for elements based on their types and assembled stiffness matrix [k] for the structure is to be formed.

	9. 
	[a00] = [bo]T [α] [bo] and its inverse [a00]-1 are to be obtained
	System stiffness matrix [K] is to be formed using 
[K] = [β]T [k] [β] 

	10. 
	[a0S] = [bo]T [α] [bS] is to be obtained
	[K]-1 is to be found

	11. 
	Now, Unknown forces can be found using 

{F0} = -[a00]-1 [a0S] {Fs}
	System displacement {u} can be found using 

{u} = [K]-1 {F}

	12. 
	All the system forces now are known and they are 
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	Elemental displacements can be found using

{δ}= [β] {u}

	13. 
	After finding system forces, elemental forces can be found for the external forces {F} as

{P'} = [b] {F} . 
	After finding elemental displacements, elemental forces can be found from

{P'} = [k] {δ}

	14. 
	{P'} is the elemental forces (mostly fixed end moments) due to force {F} and hence adding {P'} and {FEM} gives the final fixed end moments. 
{Pf} = {P'} + {FEM} or {Pf} = {P'} – {Pe}

From these values reaction can be found out. BMD and SFD can be drawn thereafter for further analysis.
	{P'} is the elemental forces (mostly fixed end moments) due to force {F} and hence adding {P'} and {FEM} gives the final fixed end moments. 

{Pf} = {P'} + {FEM} or {Pf} = {P'} – {Pe}

From these values reaction can be found out. BMD and SFD can be drawn thereafter for further analysis.


22). Four steel wires OA, OB, OC and OD jointly support a load as shown in fig. 2. Area of wires of all members is 1000mm2 and E=2x108 kN/m2. Solve for the forces OA, OB, OC, and OD in the wires using flexibility matrix method.
(12)
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Step 1 – Identifying Degree of determinacy and making primary structure

Degree of Static determinacy is 2.
Let the force on the system 100kN as Fs1.

Hence by replacing OB and OC redundant members with force Fo2 and Fo3. 

Primary structure is obtained by omitting the redundant members OB and OC.
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Now there are three forces Fs1, Fo2 and Fo3 acting in the primary structure is equivalent of the given structure and system of forces.
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Step 2 – Formation of transformation matrix [b]
Apply  unit force for only Fs1 and find the member forces 

Equilibrium equations in Joint O are
ΣFx=0 → -FOA cos(63.435˚)+FOD cos(63.435˚)-1=0 → -FOA +FOD =1/ cos(63.435˚)
ΣFy=0 → FOA sin(63.435˚)+FOD sin(63.435˚)=0       → FOA +FOD =0
Solving , we get FOA = -1.118 (-ve means compressive) and FOD = 1.118 (+ means tensile)
[bs]T=[-1.118     0      0  1.118]
Apply  unit force for only F02 and find the member forces 

Horizontal and vertical components of unit for along F02 direction are 0.316(←) and 0.949(↑).
Equilibrium equations in Joint O are

ΣFx=0→-FOA cos(63.435˚)+FOD cos(63.435˚)-0.316=0
-FOA +FOD =0.316/cos(63.435˚)
ΣFy=0 → FOA sin(63.435˚)+FOD sin(63.435˚)+0.949=0
FOA +FOD =-0.949/sin(63.435˚)
Solving , we get FOA = -0.884 and FOD = -0.177
Similary applying  unit force for only F03 

Horizontal and vertical components of unit for along F02 direction are 0.316(→) and 0.949(↑).

Equilibrium equations in Joint O are

ΣFx=0→-FOA cos(63.435˚)+FOD cos(63.435˚)+0.316=0

-FOA +FOD = -0.316/cos(63.435˚)
ΣFy=0 → FOA sin(63.435˚)+FOD sin(63.435˚)+0.949=0

FOA +FOD =-0.949/sin(63.435˚)
Solving , we get FOA = -0.177 and FOD = -0.884
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Step 3 – Element flexibility matrices and assembled flexibility matrix [α]
α1 =L1/AE=3.354/(1000x10-6*2x108)=3.354/2x105=1.677x10-5 
α2 =L2/AE=3.162/2x105=1.581x10-5
α3 =L3/AE=3.162/2x105=1.581x10-5
α4 =L4/AE=3.354/2x105=1.677x10-5
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Step 4 – Find a00 a0S
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Step 4 – Finding unknown forces and system forces.
Known forces {Fs} = {Fs1} ={100} and unknown forces {F0}T = {F02  F03}
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Step 5 final Elemental forces.
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FOA=-73.07kN
FOB=-54.79kN
FOC=54.79kN

FOD=73.07kN

23). ABC is a continuous beam with constant EI throughout its length. The ends supports A and C are fixed and the beam is continuous over middle support B. Span AB is 10m and span BC is also 10m. Span AB is uniformly loaded with 10kN/m while a concentrated vertically downward load of 100kN at the mid span of BC. Draw BMD and SFD using matrix stiffness method. 
(12)
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Step 1 – Identification of system coordinates
[image: image56.bmp]The structure is kinematically indeterminate to first degree. That is rotation (θB) at B is an unknown independent displacement of the system. So system coordinate 1 is θB.

System Coordinate(s)
Step 2 – Fixed End moments and element forces at joints.
MFAB = 
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MFBA =
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MFBC =
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MFCB =
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Step 3 – Formation of transformation matrix [β]
When unit rotation is applied at system coordinate, the resultant rotations for local coordinates are given in the above figure. Hence [β]T = [ 0 1 1 0]
Step 4 – System forces {Fs}  equivalent to the elemental forces
{Fs} = [β]T {Pe}=
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Externally applied system forces at joints are zero since there is no external force is found in the problem

{Fj}={0}

Total system forces {F}= {Fs}+{Fj} = 41.67kNm = {41.67}

Step 5 – Element Stiffness matrices and Assembled stiffness matrix 
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Assembled stiffness matrix
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Step 5 – System Stiffness Matrix [K] and its inverse
[K] = [β]T [k] [β]= 
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Step 6 – System displacements {u} and elemental displacements {δ}
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Step 7 – Elemental forces {P’}
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Step 8 – Final Fixed End moments {Pf}
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Bending moment diagram and Shear Force Diagram
REACTIONS
Left side Moment about B is -104.17kNm
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Right side Moment about B is also -104.17kNm
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24). Feet A, B and C of tripod (in the form of 5 m equilateral) are at the same horizontal plane and the apex D is 3.75m above of the resting plane and above orthocenter of the ABC triangle. Horizontal load of 100kN is are applied at D which direction bisects the line between A and B. Vertically downwards force 200kN is also acting at D. Using method of tension coefficients, find the forces in all the members assuming that all joints are pin-joints.
(12)


XD = -100 , YD = 0;   ZD = -200
	Joint
	member
	Coordinates
	xj -xi
	yj -yi
	zj -zi
	lij
	ΣFx=0
	ΣFy=0
	ΣFz=0
	tij
	Tij
(kN)

	
	
	xj
	yj
	zj
	
	
	
	
	
	
	
	
	

	D

(1.443, 2.5, 3.75)
	DA
	0
	0
	0
	-1.443
	-2.5
	-3.75
	4.732
	tDA*(-1.443)+
tDB*(-1.443)+
tDC*(2.887)-100=0
	tDA*(-2.5)+
tDB*(2.5)+
tDC*(0)=0
	tDA*(-3.75)+
tDB*(-3.75)+
tDC*(-3.75)-200=0
	-29.33
	-138.78

	
	DB
	0
	5
	0
	-1.443
	2.5
	-3.75
	4.732
	
	
	
	-29.33
	-138.78

	
	DC
	4.33
	2.5
	0
	2.887
	0
	-3.75
	4,732
	
	
	
	5.32
	25.18


Solving three equations, we get tDA= -29.33kN,  tDB = -29.33kN and tDC = 5.32 kN
And the axial forces as  TDA =-138.78kN ; TDB = -138.78kN and TCD = 25.18kN
25). The three hinged stiffening girder (with hinges at the ends and at the mid span) of a suspension bridge of span 200m is subjected to two point loads of 450kN and 280kN at distances of 40m and 150m respectively from the left end. Find the shear forces and bending moment in the girder at a section 75m from the left end. The central dip of the supporting cable is 16m. Find also the maximum tension in the cable and draw the bending moment diagram for the girder.
(12)


Given

Dip d = 16m;  Span 
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REACTIONS:

Taking moment about F
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Taking moment about F
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Solving Eqns (1) and (2) we get 
w = 3.2 kN/m and VE = 110kN

MAXIMUM TENSION IN CABLE
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Maximum tension in the cable 
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BENDING MOMENT
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Bending moment at section 75 m from left end.

M at 75 = 110*75-450(75-40)+3.2*752/2 = 1500kN


SHEAR FORCE

Shear force at 75 from left end: 110-450+3.2*75=-100kN

26). A portal frame loaded as shown in fig. 4. State the locations of the plastic hinges and determine the collapse load.
(12) 

ANSWER:
Redundany  = 2.
This frame will collapse when 3 plastic hinges occur. No of possible plastic hinges are 5 at A, B, C, midspan of beam BC and at middle height of column AB.
Lowest load obtained from all the possible mechanisms is the collapse load. Possible mechanisms are 

1) Beam mechanism (Plastic hinges at B, F and C), 

2) Column mechanism (Plastic hinges at A, E and B),  

3) Sway or Panel mechanism (Plastic hinges at A, B and C) and
4) Combined mechanism  (Plastic hinges at A, F and C)
1) Beam mechanism (Plastic hinges at B, F and C) 



External Work Done = Internal Work Done
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2) Column mechanism (Plastic hinges at A, E and B) 

External Work Done = Internal Work Done
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3) Sway or Panel mechanism (Plastic hinges at A, F and B) 

External Work Done = Internal Work Done
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4) Combined mechanism (Plastic hinges at A, F and B) 

Plastic hinge in the beam element will occur at the midspan under the concentrated load.

External Work Done = Internal Work Done
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Out of all the mechanisms, Collapse load obtained from Sway mechanism is the least load of all. Hence collapse load for the structure Wc is 1.5MP
-----------  End  -----------
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