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Group A Mater Partl

l. Describe basic steps in finite difference method. Explain explicit and implicit schemes in
finite difference method using suitable examples and expressions. [Z+Z+Z]

2. A finite difference grid of points constructed to solve for the unsteady flow problems in a
wide rectangular channel is shown in the figure below.

j+l

h-- tx -+l
Using an appropriate finite difference scheme for two governiog equations of fluid flow
(continuity and momentum), compute the velocity and florv depth at grid pint (i, j+l) for
the following given data:

Velocity'yl_, =2.2mlsec, Vi= l.8m/sec, Vf, = l.5m/sec

Flowdeoth, t', = 1.6mlsec, yl = 2.0m/ sec,yl_, = 2.4m1 sec^ J i-l i ------' ---' J i+l

Bed slope = l%, Manning's n : 0.032, Ax = 1000 m, At:4 minutes, No lateral in flow. t6l
What is meant by method of characteristics and why it is necessary? Derive finite
difference equations of the characteristic form of unsteady flow equations in a pipe to
obtain solution in terins of head and discharge. 12+61

Derive a suitable finite difference expression for two dimensional (ZD) groundwater
simulation in steady state condition for homogeneous and isotropic aquifer. ulto describe
the iterative procedure for computing potential at each grid and riepugr rate under a dam. [5+3]

T
At

T

3.

4.

! Group B (Structure Partl
5. a) Discuss about the software used to evaluate the problems in FEM and FDM.

b) what is rneant by discretization, describe with example?

l4l
I4l
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I Explain different solution techniques of linear equations. For the given linear system

lt, -6 o l[*,.| [*l
l-o 12 -61,1*rh=lzol
Io -6 6J[*,J Lo,l

Usingthe starting vector x(0) - (4,4,0)r, carry outtwo iterations of conjugate gradient

method and show the result. t3+51

7. Derive constitutive relation for plane stress

with examples.

problems. Explain axi-symmetric problems .'
[s+31

8. Determine the nodal displaoements, element stresses and support reactions for the bar as

shown in figure below. Take E:200 GPa. [10]

A steel plate of r.rriform thickness l0 mm is being loaded as shown in the figure below.

Consideiing the plane stress condition for this CST element, determine (a) element

stiffiress mitrix, (b) nodal displacements, and (c) strains and stresses at tlre centrroid of the

elemcnt Take E =-210 x lOtMPa, and G = 105 x 103 MPa. The unit weightof steel is

78.5 KN/m3. tt0]

400 mm

10. Derive the shape functions for the

4

eight noded 2 - D rectangular element given in figure. t8I

I
I

I
-t

I
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I.
Grouo A flAaturl

Derive the finite difference equations for full Saint-venant
fluid flow using second order accurate explicit scheme.

Describe numerical dispersion, diffi.rsion and stability of Finite Difference Schemes. The
value of flow rate Q at four points in the space time grid are shown in the figure below.
Determine the value of first-order derivations AQ/A and aQ/ax by using four-point
implicit method. Given: At: I hour, Ax :600 m and 0 = 0.55 I4+4J

time,l

n+l

Distance, x

3. What do you understand by characteristic curve? Explain, A pipe of diameter 35 cm
carrying water has the following data at two points A and B: V6-= 6 m/sec, VB = 6.25
m/sec, pn: 102.KN/m2,pr:124 KN /m2, Ax:500 m, At:0.5 sec, f :0.02,d:1000

, (dx \
m/sec | -':=taf , elevation difference between A to P = 2.50 m.By the use of finite\dt )
difference form of characteristics equation, compute the velocity and pressure at point p. [2+61

t+at

x, Distance

4. Develop a steady state 2D model for tle simulation of seepage under a dam. Also
describe the iterative procedure for computing potential at each grid and seepage rate. t6I

95 m3lsec 92 m3 lsec

93 m3/sec



,a'l
Group B (Structurel

element ancl linite dif'l-elence method with
metlrods o1' numerical c:omputa{ions used

[3+3+ 2l

and Irast l:ourier Transform
rnethod for thc lblltlwing

[4+41

7. a) I)escribe about the planc stress. plane strairt and axisyrnmetric problerns 'uvith their
c'xamples and constitutive relzrtions to be used for stress analysis problerns. t2+T2l

b) I)ifferentialc bctr,r'een isotropic and anisotropic nraierial bodl'. l)erive the expressions
fbr Lame's constamts ftrr linearl,r'elastic isotropic material bocly. [2t-2]

A propped cantilei'er beittl is loaded as shorvn in figure belorv. Discretize the bearl intq-l

trvo c.lem:nts and fine deflection at point Il and rotations at point B and L-. Also check thc
result u-sing single element model, }'ake [:l as constant throughout the heanr. [6+4]

8m

nsform (DF-f)
u.lrate graclient

5.

b

9

--J
.--__-l

fnncliuns Ni lbr the eigth-nodedWhat is isoprametric
rcclaneular crlement as

lbnrulation? Obtain shirpe
shorvn in llgrrre be lorv. [1+sJ

l

j

KN/r"n

r-+



T 10. A steel plate of thickness 10 mm is being loaded as shown in figure below. Considering
the plane stress condition, determine the stresses and strains at the centroid of the CST
element. Take E:210"10r MPa, V = 0.30 and unit rveight of steel is 78.50 KN/m3,
length of each side = 100 mm. . [0J

--> x

i*-- 5o mm +- 5o mnr {

I0 KN/rn

,'E
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Group A
(ll'atqt)

l. a) With appropriate expressions and graphs, explain first and second order

schemes of finite differences of partial differential equations.

b) Using any explicit finite difference scheme for full Saint Venant equations,' 
discfiarge and flow depth at grid (i, n+1) for the following data:

RectangUlar channel, width : l0m, Bed slope : 0.0002, Manning's n

No lateral flow, AD(: lkm and At: 5min

Discharget Qr, = 40m3 /s and Ql : 38m3/s, Q", : 37 '5 m3/'

Flowdepth Yr, : 1.9m,y, =1.85m, Y,., =2.0m

H
Z. The figure below shows a cenfral grid surrounded by four grids for simulating two

dimensional groundwater flow under steady state condition. Values of potential firnction

(0) are given below:

{it,j: 12, $i+t,; 
: 14,0i, j : 13, $i,j-r : 13'5, {i,j+t : 11

Transmissivity in X-direction = 0.013m2/S for all 'grids, Transrnissivity in

y-direction:0.015m2/S for all grids. Taking AX:20m and AY:25m, compute Darcy

fluxs 9e, ge, gc and go from the finite diffference equation in terms of 0.

accurate

compute

= 0.04,

t4I

t6l

n+1

t6l

)
lo'

al-S-
t

+O
I

-+a)
Qr

!0,

j-1

i-1 i+1

j+1



'))
3. Develop a finite difference solution of the characteristics fom of unsteady flow equations

to obtain solution in terrns of velocity and pressure. t6]
4. Develop fiidiagonal coefficient matrix to evaluate river stage-water table interactions for

an aquifer along a river. t6I
Groap B

(Structurel

5. Describe the different solution techniques in civil Engineering and list their suitability.

6. Write down the algorithm for conjugate gradient method. Consider the system

[4+41

lz -l o l[*,] |'z I

lr 6 -2ll*, 1=J--f
l+ -3 8J|.*,J IsJ
Solve the above system by using Gauss-seidel iteration starting with 

"(o) 
= (O,O,O)r l4+4j

7 - Define plane stress and plane strain problems. Derive the differentiat equation of
equilibrium for three dimensional problems. 

t 3+71

8. Determine the nodal displacements, reaction forces, and member forcs of the given truss
structure, loaded as shown in figure. Given that for each member, sectional are4, A =
2xl0-3 m2 and modulus of elasticity, p :2x105 Mpa. t10]

1OO KN

9. Derive the relation of strain-Displacement [B] matrix for constant strain triangle.

10. A steel plate of l0mm thick is loaded as shown in figure below. For the plane stress
problem, obtain the nodal deformations and the sffesses in the CST element.

Take E:2xl0t Mpa
G: l05xt03 MPa and
unit weight of steel is 78.5 KI.{/m3.

50 KN/m2

1* socrn +

t6l

ll0l

**{c
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/ Candidates are required-to give their answers in their own words as far as practicable.
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Groub A
(lVater Pqrt)

Derive the expression for second order accurate explicit finite eguation for dynamic
wavemodel --) [6J

A channel with a width of 40 m, bed slope 2Yo and Mannings n:0.03 carries a

discharge of 100 m3ls through a section. If Ax is taken as 1500 meters, recommened
the maximum time step for stable solution of kinematic wave routing in this
condition. Assume hydraulic radius equal to flow depth. t6I

Write an algorithm for simulation of water hammer process using me&od of
characteristics. t4I

b) If the MOC is applied for t1 = I sgc agd t2 = 2 sec, time levels for a pipe with diameter
30 cm carrying water. If Qo : 0.7 m3/s, Qg : 0.76 m3/s and Qc = 0.i4 m3/g He = 20
m,fls : 20.6 m and rlc : 20.4 m are the values at gnd points. Find the values of
Q aod H at t1 = I sec that will be required for finding Q and H at P wlren

characteristics do not lie on diagonal. Here, Ax = 1000 m, At = I sec, f = 0.02 and c =
800 m/s

Derive e4pression for finite difference scheme for 2D grormdwater simulation in steady

state for homogeneous and isotropic aquifer. Describe about the boundary conditions and

flowcoefficients.

Groun B
(Stmctune Part)

4. Describe briefly the various solution techniques used for solving civil engineering
problems. AIso give their advantages and disadvantages.

5. Explain different solution tecbniques of linear equations. Write the algorithm for
conjugate gradient method.

6. Eaplain the terms a:ri-symnretric problem with examples. Derive straindisplacement and

constihrtive relationships that exist in plane stress problem for isofropic material.

[5+3]

[4+6]

t4I

t8I

3

t8I

I

l

l



7. a) Determine the support reactions and deflections at mid-span for the given stnrcture.

Also draw bending moment diagrart.
30 KN

3m 40 KI.[m
8m 6m

E = 20xl

20

: lt}
ta= lfZ

tl0I

t6I

[10]

MPa
I = 5x106 mma

b) Derive shape fimction for the element as shown in Iigure below.

Lr -0 Lz:0
---c'2.!,, - lL4: lD

Lr=. I Lz= |

-PLr = 0

8. A steel plate of thickness 10 mm is being loaded in the structural system as shown in
figure below. Calculate stresses at the centroid ofthe plate.

nrm,:1,

I
I

E = 200GPa

u=0.3

400mm
0[tlbm2

|ltFri

'I

I
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Group A
(Water)

l. a) Derive the first order accurate implicit Finite Difference equation for kinematic wave
model in the non-linear form.

b) Using the Finite Difference equation developed in question (a), compute the discharge
at I km #s of location X at time 14:00 hrs, for the followin g data:

Rectangular channel, width:20 m, Bed slope :0.C01, Manning's n = 0.03
Discharge at location X at time 14:00 hrs = 14 mj/s
Discharge at location X at time 13:45 hrs: 12 m3/s

Discharge at I km d/s of location X at time 13:45 hrs = I I m3/s

No lateral flow, wetted perimeter approximately equal to width of channel.

2. Define characteristic crrve and method of characteristis ffOC). Deveiop the

characteristic equations from the partial differential form of the unsteady pipe flow
equations.

3. Explain the continuity equation used in groundu,ater flow analysis. Write down the

algorithm for simulation of seepage under a dam.

t6l

12+61

[3+sI

Group B
(Stntcture)

l. List the computational techniques used in Civil Engineering. Why FEM is predorninating

others? Explain briefly the steps involved in FEM. t2+2+4)

2. a) Write the algorithm for conjugate gradient method. t3I

b) Solve the given system of equations using conjugate gradient method. ts]

liiltiiliil
3. a) Derive the constitutive relation ({o} : tD] tE}) for an elastic isotropic material.

b) Wtrat are the conditions at which axisymmetric stress exists? Write the stress-strain

relations for axisymmetric condition.

t6l

t6l

{41
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4. a) For the given stepped bar obtain nodal displacements at nodes 2,3 and 4. Also obtain
forces developed at the supports.

A

t8j

u0l

l8l

@

Take E = constant and cross-sectional areas as indicated in the fig:.ue

b) For the given beam find deflection at point B and rotations at points B and C. Take EI
as constant throughout the beam. Discretise the beam into two elements.

20 KN/m

B
5m

c) A thin plate is subjected to the loads as shorvn in figwe below. The plate thickness is
0.3 in and the other dimensions are shov,,n in figure. Ciwn that the Poisson's
ratio = 0.3 and the modulus of elasticity E = 30 x 106 psi. Derermine nodal load
displacements and the elemental stresses.

@
--? 

20C0 ib

2000 tb
t0 in

20 in

***

@

CA
l, l_ , r-l-
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GrouoA

l. Wift tbe help of mechanicss erqldn vriqrs nurrrerical methods for solving civil
engineedng problems. Given tbeir dvatages ad disadv'amg,es. t8I

2. a) Derivetheenpressionforl-meconshts. ts]
b) Define plane sress and plane shain prroblems with necessary conditions and suitable

examples. t5I

3. a) DerivetheshapefunctionfortheelementasshownintheFig. 1. t8I
Lr iO

Lr=213

Lr= Ll3
I
a

I

Lz.=0

Lr=1

Lz=113

\=213
Lt =,1

I

--- L2=213

"'Lr=il3

Fig I
-jlz = 1

Lr=0

b) Considering plane shess condition, find out the nodal displapements and stresses of
the CST elementas shown inFig. 2.E= 30 x 105 psi, t= 0.3 in, T= 4601b/in3,

u:0.3, Ts :360 psi with usual notations. ttzl
T3

,

2I

Fig.2



GroaDB

4. a) Why colrjugre gradieu me$od is used in computaion over Gaussian methods?

b) Solve tk following e$6io'n by using conjugate gradient method (max. 5 iterations)

li r ;l{l}:{j'}
5- a) Write &*tr fu cmpt* guffiing egreions describing the movement of fluid. 121

Ul noio tte kiruatic w a*guimaim for tk Eovemetrt of fluid- t4l

c) Derive a secmd s& accur* fidte differe,nce scheme of linear kinematic wave
equation rvhich com6€s disfuge for rrrhown time and location. tSl

6. Prepare an algorithmto mpt*e dischage aod head based on the following form of finite
difference for rffidy fipe flow probtem rsing rectangular gnd. . t8I

Hpi : Hi- r - B(Qpt - Q- r) - RQ- r Qi- rl

Hpi = H;* r + B(Qr -Q+ r) + RQi* r Q* rl

Where H = head, Q : dschage, Hpi and Qp; 
: head and discharge at point of intersection

oftwo characteristics, B and R = coefEcients.

7. Explain the lD implicit model to evaluate the river stage water table interaction. t8l
tt *{.

t4I

t81

1

i

I

i
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i
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I
I
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GroupA

l. Explain foundacion of finite element method. Why this method is less appropriae for large
deformdion problem? How do you choose numerical rnethod for different problems? .

Illustrate with examples. . t8l

2. Write an algorithm and a program (C or Fortran or Matlab) for fast Fourier tnansform. With a
suitable e:rample explain what parameters can bc identified with the help of time domain and-' frequencydornain tlzl

3" (a) Derive equilibrium equations for 3D state of stress in a solid. tsl.

(b) lVhat do you understand by axisymmetric problem? Write the constitutive relations and
; strain disptacernent relation for axisymmetric condition. tsl

ano 'f,ormulate

tl0I
4. ta)Formulate stiffiress matrix for a bar element. Rotate the same bar element

stiffircssmatrix for 2D truss element.

ft) Determine the stiffiress matrices for the etement as shown in Fig. l. 4'=300 mm2 and
E:2.lXl0s MPa.

40 KN

400.mm
A

Ir0]

4

I

I 500mm I

P.23

50 KN



1 a) The value of flow rate Q ar four 
";XI *" space-time gnd are shovm in figme

below. At=l h, Ax:1000m and 9:0-55, calculate the vaiuei of Qld. and OQ/&r by
fourpoint implicit method.0 = weighting factor.

3580ana a;rl

rE

t6l

Fl

E

I

[IHrur

b) A flood of l50m3/s peak discharges passed a gagrng station at 12:00 noon on a river
There is a community adjacent to tlie river 7.2 km downstream. What will be the
value of peak discharge at that community at 12:00 noon of the v_elocity of flow is
l-2rnlsz and peak discharge at that community at 9:00 A.M is 100m3/s. Assume width
of .river as inside and use first order accurate numerical sbheme of kinematic wave
equation, Take Ax: 7.2k<rr-andAt - t hr;.

2- A pipe conveys water from a reserroir as shown in the figure- Take f : 0.02,
C = I200m/s- The hydraulic grad line [HGL) at the reservoir is given as

Hpa: 100+3sin (zrt). The discharge at the downsheam end is zero at all tirnes- By using
only one reach, compute discharge from A and elevation of hydraulic grad line at B at
3Sec using discretized equation of the method of characteristics in the form of HGL and
discharge.

t6l

t8l

18l

c- C+1{X)tn

L=60d,nlD= 4{X}mrr

A

3. Finite difference equation for simulating river stage-water table interac:iors considering
one dimensional flow.

.:

+**

P.24


