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12 Creep or relaxation tests for a visco-elastic material require definition of a "standard loading
rate". Explain why. (2)

Th Calculate the strain energy in a periodic creep test i.e. evaluate the integral fad E = f a dE dt
dt

for a single loading cycle where the applied stress is sinusoidal with amplitude To and
frequency wo. The phase lag J can be taken to be 90°, and in-phase and out-of-phase
components of the stress and strain only act together. Interpret the results. (5)

Ic. Is it appropriate to model creep in concrete by treating it as a linear visco-elastic material?
Explain your answer. (3)

.uL Concrete specimens are cast using identical mixes. Specimens belonging to Group A are
steam cured at a temperature of 90°C while those belonging to Group B are cured in a water
bath at ambient temperature (26°C). Subsequently specimens belonging to both groups are
subjected to creep tests. For which group of specimens would creep be higher and why? (3)

k The compliance of a certain concrete is given by:

JCt, t') = 3.846251 X 10-11 + 3.846251 X 10-11 [(t - t')1j! I(d + (t - t')1j!)] X 1.29

The unit of time in the above equation is 'days', t E ]28,00], t' E ]28,00]' d = 10 days, ljJ

0.6.
(i) What is the instantaneous elastic modulus of the concrete?
(ii) A 100 mm cube specimen, immersed in a water bath, is subjected to uniaxial

compressive stress of 5 MPa at 28 days and an additional uniaxial compressive stress
of 5 MPa after 360 days, acting along the same axis. Calculate the change in volume
of the 100 mm cube after 2 years, assuming that frictional restraints on all faces of the
cube are negligibly small. The Poisson's ratio of concrete is 0.2. (2+6)

If Consider the following arrangement of springs and dashpots:
2£2

T T

(i) Obtain the governing differential equation for the model.

(ii) The model is subjected to a constant strain state: Eo = E(t = 0) = t.x 10-5 and
t. (t) = 0, t E [0,00] . Calculate a after I hour.

(iii) The model is subjected to a constant stress state: ao = a(t = 0) = 5 MPa and
cr(t) = 0; t E [0,00] . Calculate E after I hour.

Take E, = 1.432xl04 MPa, E2 = 1.768xl04 MPa, 1]2 = 1.252xl08MPa-sec for (ii) & (iii)
(3x3 )

2a. During shrinkage, the cement paste contracts in volume with moisture loss, but the reduction
in volume is not equal to the volume of water removed. Clearly explain why. (3)

2b. Shrinkage due to carbonation is less of a problem in north India during the months of July-
August than it is in December-January. Explain the causes in detail. (2)

2c. A thin concrete slab is exposed at its top and bottom surfaces. The ends A and B are restrained

against lateral displacement by rigid supports. Ac::1 =::.-::==::::......;===:...=.:;"."'---'-"--'--'

(i) Explain where and how shrinkage stresses will be generated in the slab. Will these
stresses be tensile or compressive?

(ii) In the long term, considerable reduction in the shrinkage stresses is observed. How



and why do you think it happens? Will the reduction of shrinkage stresses result in a
net increase or decrease in the volume of the slab? Explain your answer. (2+ 3)

2d. Let us reconsider the concrete in Q. l(e) above. The concrete cubes are subjected to the same
loading regime as in Q. 1(e) except that they are now exposed to the atmosphere instead of
being submerged in water. The pore pressure in the cube specimens is measured and the
average pore pressure is found to be 1 MPa. Assuming that the pores are 30% saturated, and
the bulk modulus of concrete is 14.44 OPa, while that of the porous skeleton is 12 OPa, what
will be the measured shrinkage strain of the 100 mm cube specimens? (4)

2e. What is the Pickett effect? What are its causes? (6)

3a. Explain how one can obtain values for the cohesion and friction angle to be used with the
Mohr Coulomb criterion for concrete, if the yield stresses in uniaxial tension and compression
are known. If the yield stress of a concrete is IS MPa in uniaxial compression and 2 Mpa in
uniaxial tension, what are the values of the friction angle and cohesion. (6)

Th An engineer is trying to model a concrete using a Drucker Prager CD-P) material model,
calibrated using data from uniaxial tension and uniaxial compression tests. However when he
tries to model triaxial tension and triaxial compression tests with his calibrated finite element
(FE) model, despite his best efforts, he cannot get the FE results to match the test results for
both triaxial tests. The calibration procedure and FE model are flawless. Can you shed light
on the problem? (4)

3c. Explain why using a D-P yield function and an associative flow rule for concrete is likely to
over-predict the amount of plastic dilation. Explain also why using a Mises yield function and
an associative flow rule will grossly under-predict the amount of plastic dilation. (4)

3d. Write down an explicit expression for the plastic dissipation function and explain why it is
important. (3)

3e. State the Kuhn-Tucker condition for rate independent plasticity. Explain why it must be
satisfied. (3)

4a. Consider the following plot which shows how the shear load sharing evolves in a typical
under-reinforced concrete beam. Explain in detail every aspect of the plot. (8)

Vn

4b. The modified ACI formula for the cracking stress in a concrete beam, is given by:

'c = 1.9JJ:: + 2S00ps Vd ~ 3.S.[1;; ~l + N/SOOA
M -N(4h-d)/8 c g

N is the compressive axial force (taken to be positive), /ck is the characteristic strength of

concrete, Ag is the gross area of the cross section of the beam

Comment on and justify the origin of every term in the above formula. (S)
4c. Any solution to the load carrying capacity of a concrete slab obtained using the yield line

method is going to be in excess of the design load of the slab. Justify. (2)
4d. The rectangular slab with all edges fixed, shown in the figure below, has the same moment



capacity, m, for positive as well as negative bending everywhere. For the yield line pattern
shown, find the uniformly distributed load w (in terms of m) which will cause plastic collapse.

(6)

0( Sm )

4e. Use yield line theory to explain the following detailing pattern used at the corner of an RC
slab: (4)

4f. A rectangular flat slab with fixed ends, supported by a single column, has negative
reinforcement with capacity of 5 kN/m and positive reinforcement of capacity 3 kN/m. What
is the collapse load of the slab? (2)

Sa. The permeability of concrete does not vary significantly for w/c ratios of below O.S, However
there is a sharp increase in permeability for w/c ratios above O.S. Explain. (3)

Sb. The mortar bar test for measuring the presence of reactive aggregates is required to be
performed at a temperature of 26°C. Explain why this is so? (S)

Sc. Explain why the addition of pozzolona (largely silica) does not result in any increase in alkali-
silica reaction in concrete, while small traces of silica present inside coarse aggregates can
severely affect the durability of concrete structures. (3)

Sd. Why corrosion of steel rebars in RCC slabs is extremely unlikely, if the slabs are constructed
in the Sahara desert or in an Amazonian rain forest? (3)

k Explain why sulphate intrusion in hardened concrete can cause severe loss of durability. Why
is intrusion of magnesium sulphate more harmful than other sulphates? How would one go
about reducing the chances of suphate attack? (6)

6a. Explain in detail the two mechanisms of bond failure in ribbed concrete bars. Why does
failure through bar pull out become more likely when the spacing between the rebars is
increased? Why does bond failure due to splitting crack growth become more likely in the
absence of adequate concrete cover? (6)

6b. Explain why inclined shear cracking can result in an increase in the tension carried by bottom
steel in a concrete beam? (4)

6c. What is static fatigue? What are the two distinct modes of static fatigue that may be
experienced by a concrete structure? Explain with the help of appropriate figures. (S)

6d. Fatigue life of concrete structures subject to cyclic loading improves with an increase in the
frequency of the load. Is the above statement true? Explain your answer. (3)

6e. Describe clearly tests that you can perform to determine (i) the passing ability (ii) the
segregation potential of self-compacting concrete. (6)

6f. Explain why IS 456 limits (i) maximum amount of shear reinforcement in concrete beams (ii)
the minimum cement content for a particular grade of concrete (6)


