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UNIT – III

ELEMENTS OF SEISMOLOGY

PART - A

1.  Enumerate TSUNAMI.

A tsunami is a wave train or series of waves, generated in a body of water by an impulsive disturbance that vertically displaces the water column.

Tsunami is a Japanese word with the English translation, “Harbour Wave”. The term “tsu” means harbour and “nami” means wave. Tsu ami can be generated when the sea floor abruptly deforms and vertically displaces the overlaying water.

2.  What is Focal Depth and Epicentral distance?

The distance between the epicenter and the focus is called focal depth.

The distance from epicenter to any of int r  st is called epicentral distance.

3.DefineeismologyandEarthquake.

eismology is the study of the generation, propagation generation and recording of elastic waves in the earth and the sources that produce them. The Earthquake is a sudden tremor or movement of the earth’s crust, which originates naturally at or below the surface. bout 90% of all earthquakes results from tectonic events, primarily movements on the faults.
4.  Compare: Magnitude and Intensity of an earthquake. (May/June 2014)
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5.  What is Seismograph? (Nov/Dec 2013)

Seismograph is an instrument used to recording motions of the earth‟s surface caused by seismic waves, as a function of time. A modern seismograph includes five basic parts: a clock, a sensor called a se smometer that measures intensity of shaking at the instruments location, a recorder that traces a chart or seismogram, of the seismic arrivals, an electro ic amplifier and a data recorder that stores the information for later analysis.

6.  How the earthquakes are classified?

Earthquake can be classified into the following types. (a)Accordingtoplateboundares

(b) According to its depth of focus
(c) According to its origin of the earthquakes
(d) Based on mag  itude (M).
7.  Write a short note on Seismic waves.

Large strain nergy released during an earthquake travel as seismic waves in all directions through the earth‟s layers, reflecting at each interface. These waves area of two types, body waves and surface waves.

8.  What are the types of Body waves and surface waves?

Body
aves are mainly of two types, they are

(i) Primary waves (or) P-waves

(ii) Secondary waves (or) S-waves Surface waves also having two types

(i) Love waves

(ii) Rayleigh waves
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9.  Write a short note on Plate Tectonic Theory

Tectonic is the study of deformations of earth materials that result from deformation. Plate tectonics refers to deformation on a global scale. The basic hypothesis of plate tectonics is that the surface of the earth consists of a number of large plates.

1. African plate

2. American plate

3. Antarctic plate

4. Australian – Indian plate

5. Eurasian plate

6. Pacific plate

10. Explain Uttarkashi earthquake of 1991?

Anearthquakeofmagnitude6.6struckthedistrictsofUttarkashi,Tehri and Chamoli in the state of Uttar Pradesh on October 20, 1991. About 768 persons lost their lives, with about 5,066 injured. Maximum peak ground acceleration of about 0.31g was record at Uttarkashi. Many four-storey buildings in Uttarkashi with RC frame and infill walls sustained the earthquake. Howe ever, some of the ordinary RC buildings collapsed.
PART – B(16 MARKS)

1.  Explain the Plate Tectonic theory with neat sketch? (May/June 2014)

All major earthquake are caused by plate tectonic, in India Assam earthquake in 1897 and 1950, and Bihar earthquake 1934 are the examples of plate tectonic earthquake. Convective flows of mantle cause the crust and some portion of mantle, to slide on hot molten outer core. This sliding of earth mass take place in pieces called tectonic plates.

The surface of the earth consists of several major tectonic plates and many smaller ones. The following are the major tectonic plates,
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1. African plate

2. American plate

3. Antartic plate

4. Euresian plate

5. Pacific plate

6. Australian Indian  plate

These plates move in different directions and at different velocities from those of the neighboring ones. If the accumulated stress exceeds the strength of the rocks making up these brittle zones, the rocks can break suddenly, releasi g the stored energy as on earthquake.An earthquake begins when the plates push against each other and the pressure builds. Cracks start to appear in walls and roads.

Types of plate boundaries:

There are three type of plate boundaries based on the inter plate interactions. They are

1.onvergentboudaries 2. Divergent boundar es

3.
Transform boundaries
1.  Convergent boundaries:

In the Convergent movement of the plates, the plate boundaries move towards each other and collide. The plate in the front is slower, then the plate is behind it comes and collapse.

The Convergent boundaries as a peculiarity like at the Himalayas that sometimes neither of the colliding plates wants to slide.


A collision between two continental plate results in general uplift in the form of a mountain.


When the converging plates come in contact with one another, heat and pressure may built-up at their boundaries.


Depending on the collision of their movement, plate edges may break and generate earthquake.
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Convergent boundaries

2.Divergent boundaries:

· In the Divergent boundaries, the boundary of two adjoining large plates move awayfromeachother,therebyformagapwhichbecomesthelikelyplacelot
upward movement of hot material from the lower mantle.

· At extensional boundaries, earthquake ate shallow, aligned strictly along the axis of spreading, and show an exte sional mechanism earthquake in extensional environments tend to be smaller in magnitudes.
[image: image4.jpg]



Divergent boundaries

49

SDEE
SDEE
3.Transform boundaries :

In this boundary, two plates slide by one another in opposite directions or same direction. For example, the San Andrew Fault is the well known fault with transform boundaries. The rate of plate movement ranged from above 2 to 12 cm per year.

[image: image5.jpg]



Transformboudaries
2.  Explain the Elastic Rebound theory with neat sketch?(April/May 2015)
The concept of possible mode of origin of tectonic earthquake is known as Elastic Rebound theory. A fault is a break or fracture in the material of the earth along which there has been displacement. When the rupture occurs, rocks on either side of the fault tent to return to their original shape because of their elasticity and an elastic rebound occurs. This rebound sets up the seismic waves. The earthquake mechanism may be explained as occurring in three phases in accordance with elastic Rebound theory.

a. The preparing process

b. The rupture phases

c. The post failure adjustment

(i) The Elastic Rebound theory is an explanation for how energy is spread during earthquakes.
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(ii) As rocks on opposite sides of a fault are subjected to force and shift, they accumulate energy and slowly deform until their internal strength is exceeded. At that time, a sudden movement occurs along the fault, releasing the accumulated energy, and the rocks snap back to their original under formed shape.

(iii) According to H.F raid materials of the earth being elastic can withstand a certain amount of stress without deformation permanently, but if the stress is continued for a long period of time or if it is increased of magnitude, the rock will first take a permanent deformation or strain eventually rupture.

(iv) Harry fielding Reid examined the displacement of the grou d surface around the San Andreas Fault. From his observations he concluded that the earthquake must have been the result of the elastic rebound of previously stored elastic strain energy in the rocks on either of the fault.

(v) In an inter seismic period, the earth’s plates move relative to each other except at most plate boundaries where they are locked.

(vi) Thus, if a road is built across the fault as in the figure panel Time 1, it is perpendiculartothefaulttraceatthepoitE,wherethefaultislocked.
(vii) The far plate motions cause the rocks in the region of the locked fault to accrue elastic deformation, centimeters per year, over a time period of many years.
(viii) When the accumulated strain is great enough to overcome the strength of the rocks, an earthquake occurs.
(ix) During the earthquake, the portions of the rock around the fault that were locked and had not mov d “spring” back, reliving the displacement in a few seconds that the plates moved over the entire inter seismic period(D1 and D2 in time 3).

(x) The time period between time 1 and time 2 could be months to hundreds of years, while the changes from Time 2 to Time 3 is seconds.

(xi) Like an elastic band, the more the rocks are strained the more elastic energy is stored and the greater potential for an event. The stored energy is released during the rupture partly as heat, partly in damaging the rock, and partly as elastic waves.

(xii) Modern measurements using GPS largely support Reid’s theory as the basis of seismic movement, through actual events are often more complicated.
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3.WhatarethecausesoftheEarthquakes?Explainindetail.
The following are the some of the causes of Earthquakes.
a) Natural Earthquak  s

b) Man-made earthquake

a) Natural Earthquakes:
· Tectonic movements
· Volcanic Activity
· Dislocation of the Earth’s crust
· Adjustment in inner Rock beds
· Pressure of gases in the interior
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Tectonic movements:

This particularly happens when the continental plate collides against the oceanic plate is overridden by the continental plate. By a process called seduction jerky movements are caused along the inclined surface. Tectonic earthquake have occurred in Assam in 1950.

Volcanic Activity:

Earthquakes may also be caused by the movement of lava beneath the surface of the earth during volcanic activity. The earthquakes due to Krakotoa volcanic eruption in 1883 is a good example of volcanic eruption

Dislocation of the Earth’s crust:

Earthquakes may be caused by the dislocation of the crust beneath the surface of the earth.

AdjustmentininnerRockbeds:

Earthquakes are also caused where is an adjustment between Sima(beneath the ocean is formed by silica and mag esium = Si + ma = Sima) and Sial(is formed by ilica and Aluminum = Si + al = Sial) in the interior of the Earth’s crust. This Earthquake may be called as a Plutonic earthquake.
Pressure of gases in the inte ior:
The expansion and contraction of gases in the interior of the earth sometimes cause a sudden shake on the Earth’s surface.

b) Man-made earthquake:
The impounding of large quantities of water behind dams disturbs the crustal balance. The shock waves through rocks set up by the underground testing of Atom bombs or hydrogen bombs may be severe to cause earthquake. The following are the Man-made earthquake sources:

· Controlled Sources
· Reservoir Induced earthquake
· Mining Induced earthquake
· Cultural Noise
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4. On what is the assignment of an earthquakes Magnitude and Intensity? (Nov/Dec 2012)

Magnitude:

It measures the energy release at the source of the earthquake. It is determined from measurements on seismographs. Magnitude of an earthquake is a quantitative measure of its size. Thus the magnitude of the earthquake is a single number which does not vary from place to place. Bhuj earthquake had a magnitude of 7.7 on Richter scale. Magnitude of the earthquake of all the places remains same, i.e 7.7.

In richter scales,the scale number ranges from 0to 9 the earthquake are often classified into different groups based on their size shown in following table.
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	4.
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	5.
	4-4.9
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	6.
	3-3.9
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Generally average magnitude M is determined from a number of recording.
M = 0.98 log L + 5.95

Where, L is the
ength of the fault

Intensity:

It measures the strength of shaking produced by the earthquake at a certain location. It is determined from the effects on people, structure and natural environment. Intensity is a qualitative measure of an earthquake, based on the damage caused by them. The intensity of the same earthquake at Bhuj is different from the intensity at Ahmadabad vice – versa. The types of scales which are commonly used to measure the intensity of earthquakes are,

1. The modified Mercalli scale

2. The Richter magnitude scale
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3.
The moment madnitude scale.

The modified Mercalli scale:

· Mercalli scale is a seismic scale used for measuring the intensity of an earth.
The scale quantities the effect of an earthquake on the earth’s surface, humans, objects of nature and manmade structures on a scale from I to XII.

· Intensity depends on reporting accuracy, population, development building codes and enforcement. The scale is known as modified mercalli scale.
The Richter magnitude scale:


The Richter magnitude scale was developed to assign a single member to quantify the energy that is released during an earthquake.


The Richter scale has no lower limit and no maximum. It ranges from 1.0 to 90 an earthquake that measures 4.0 and corresponds to a 31.6 times larger release of energy.

Themomentmadnitudescale:


It is used to measures the size of earthquake in terms of the energy released. It is most accurate and widely used scale. This is based on the total amount of energy released during earthquake. the seismic moment is deferred as
Mo - DAµ
Where,

Mo = seismic moment

D = average displacement

A = Area of the fault surface.

µ = Average shear rigidity
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5.  Explain the types of Earthquake? (May/June 2013)

Earthquakes can be classified into the following four types,

a) According to plate boundaries:

1) Interplate Earthquakes
The Earthquakes occurring along the boundaries of the tectonic plate are called as interpolate Earthquakes.

Example: 1897, Assam Earthquakes

2) Inttraplate Earthquakes :
The Earthquakes occurring within a plate are called as intra plate earthquakes. Example: 1993, Latur Earthquake

b) According to the depth of focus:

1)hallowfocusearthquake:

The seismic shocks originate at a depth of about less than 70Km, nearly 80% of the world’s earthquakes are shallow focus earthquakes.
2) Intermediate – focus Earthquakes:
In this case, the seismic waves qriginate at a depth between 70 Km to 300 Km.
3)Deep – focus Earthquak  s:

Here, the point of origin of the seismic waves is at a depth of greater than 300 Km.

c) According to the origin of the earthquakes:

1. Tectonic earthquakes

2. Volcanic earthquakes

3. Submarine earthquakes.

The submarine vibration often generate very large waves on the surface of the seas and destroy the costal tracts. There submarine earthquakes generate waves are known as Tsunamis.
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c)  Based on Magnitude(M):

	i)
	Micro Earthquake
	M <3.0

	ii)
	Intermediate earthquake
	3
	<M<4

	iii)
	Moderate earthquake
	5
	<M<5.9

	iv)
	Strong earthquakes
	6
	<M<6.9

	v)
	Major earthquakes
	7
	<M<7.9

	vi)
	Great earthquakes
	M>8.0
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UNIT IV

RESPONSE OF STRUCTURE TO EARTHQUAKE

PART A

1.Define inertia force

Inertia force are equal to the product of mass and acceleration as per the Newton’s second law F= ma.

2.What are the causes of failure of RC frame building?

The failures are mainly due to lack of good design of beam/columns frame action and foundation. Poor quality of construction inadequate detailing or laying of reinforcement in various components particularly at joints and in columns/ beam for ductility. Inadequate treatment of masonry wall.

3.DefineBauschingereffect.

If a specimen is highly deformed in one direction and then immediately reloaded in the opposite direction, it begins to flow in this direction at to reduced stress. This is called Bauchinger effect. This reflects the material deviation from ideal plastic behavior.
4.What is pinching effect?
Pinching effect is the result of steel bar direction deviating from that of the principal stresses. Wh n the steel bars are oriented in the direction of the applied principal stresses, there was no pinching effect. When it is oriented at an angle of 45o to principal stresses there is severe pinching effect.

5. What is peak ground acceleration (PGA)?

It is a measure of earthquake acceleration. Unlike richter scale, it is not the measure of the total size of earthquake, but rather how hard the earth shakes in given geographical area. It is experienced by particle on ground.
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6.Define response spectra. (Nov/Dec 213)

Response spectra are curves plotted between maximum response of SDF systems subjected to specified earthquake ground motion and its time period. Response spectrum can be interpreted as the locus of maximum response of a SDF for given damping ratio.

7. What is pounding?

Pounding is another important issue in the construction of multistory frame in urban areas. That is when two multistory frames are constructed too close to each other; they may pound on each other during strong round motion which leads to collision. To avoid collection, adjacent buildings should be separated by minimum gap. These factors imply that nowadays there is a need of earthquake resistance architecture in highly seismic areas.

8.Namethefourtechniquesofaseismicdsign.

The following four techniques of ase sm c design or earthquake resistant building are: (a) tructural configuration (b) Lateral strength (c) Good ductility (d) Light weight mass.
9.What is the formula for finding out the Base shear using seismic co efficient method?
VB = K Cαh W

Where, VB = is base shear, K is performance factor C is a co – efficient depending on the flexibility of the structure αh is design seismic co – efficient.

10.Define ductility ratio? (May/June 2014)

The ratio of total deflection to deflection at elastic limit. The deflection at elastic limit is the deflection at which strength behavior can be assumed to change from elastic to plastic.

11.How to reduce the earthquake effects on building?(May/june 2014)

o Base isolation
o Seismic Dampers
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12.What is ductility Factor?(Nov/Dec 213)

It is defined as the ratio of peak or ultimate deformation to yield deformation.

13.What is meant by zero period acceleration?(May/June 2013)

It stands for ZPA. It implies that maximum acceleration experienced by a structure having zero natural period (T=0)
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PART B

1. Explain The Cyclic Behavior Of Concrete And Reinforcement With Respect To Pinching And Bouchinger Effect

Plain Concrete

· Plain concrete is a brittle material. During the first cycle the stress strain curve is the same as that obtained from static tests. If the specimen is unloaded and reloaded in compression, stress strain curves similar to those shown in fig..
· It can be seen that slope of the stress strain curves as well as maximum attainable stress decreases with number of cycles.
· Thus the stress strain relationship for plain co crete subjected to repeated compressive loads is cycle dependent.
· The decrease in stiffness and strength of plain concrete is due to formation of cracks.
Plainconcretecannotbesubjectedtorepeatedtensileloadssinceitstensile strength is practically zero.
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Reinforcing steel

· Reinforcing steel has much more ductility than plain concrete. The ultimate strain in mild steel is of order of 25% whereas in concrete it is of the order of .3%.
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· In the first cycle, the reinforcing steel shows stress strain curve similar to that obtained in the static test.
· After the specimen has reached its yield level and direction of load is reversed, that is unloading begins, it is shown in fig. that the unloading curve is not straight but curvilinear.
· This curvature in the unloading segment of stress strain curve is referred as Bouchinger effect. The fig. shows the one complete cycle of loading and unloading referred as hysteresis loop.
· The area within the hysteresis loop exhibits energy absorbed by the specimen in a cycle. In subsequent cycles the same path is repeated
· Thus the stress strain relationship for mild reinforcing steel subjected to repeated reverse loading is cyclic independent until the specimen buckles or fails due to fatigue.

[image: image9.jpg]



RC Beams

· The plain concrete can be subjected to repeated compressive loading cycles and not to repeated tensile loading cycles due to its poor tensile strength.
· However reinforcing steel can be subjected to repeated reversible tensile and compressive loading cycles, and exhibit stable hysteresis loop.
· Thus the cyclic behavior of reinforced concrete members is significantly improved due to presence of reinforcing steel. Fig. shows the typical load deflection curves for a cantilever reinforced concrete beam subjected to reversed cyclic loading.
· Reinforcing steel is present on both faces since one face is in tension during the remaining half of the loading cycle. It can be seen in this fig. that slope of a load
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deflection curve that is stiffness of the beam decreases with the number of cycle.

Moreover curves tend to pinch in near zero load.

· These two effects are distinct characteristics of reinforced concrete beams as well as columns are referred to as stiffness degradation and pinching effects.
· The non linear behavior of reinforced concrete is affected mainly by the degree of cracking in concrete, strain hardening and bauschinger effect in reinforcing steel, effectiveness of bond and anchorage between concrete and reinforcing steel and the presence of high shear.
· Stiffness degradation starts right after the first cycles a d progresses rapidly, it becomes still more necessary to improve the capability of reinforced concrete to sustain inelastic deformation in order to avoid its collapse.
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2.GiveanDetailedAccoutOnResponseSpectraAndPeakGround Acceleration.
Response Spectrum

· Response spectra are curves plotted between maximum response of SDF systems subjected to specified earthquake ground motion and its time period.
· Response spectrum can be interpreted as the locus of maximum response of a SDF for given damping ratio.
· Response spectra thus helps in obtaining the peak structural response under
linear range, which can be used for obtaining lateral forces developed in earthquake resistant design of structures.

It depends on

· Energy release mechanism
· Epicentral distance
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· Focal depth
· Soil condition
· Richter magnitude
· Damping in the system and
· Time period of system
The  response  spectra  provides  the  quick,  approximate  estimate  of  the  maximum

response
i.e.,
displacement,
velocity
and
acceleration.
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ThemaximumearthquakeforceintheSDFforcecalledmaximumbaseshear.VBmax expressed in terms of max. Displacement [Umax] of the mass with respect to base as
V Bmax  = k[Umax]

The max. relative displacement is called spectral displacement SD .

Consider the max. strain energy force given to ground shaking

Emax = ½ k[Umax]2

= ½ k[SD]2  = ½ mω2 SD2

= ½ m[ωSD]2  = ½ m Psv2

psv = pseudo spectral velocity

A plot of psv with respect to T or ω is called pseudo velocity spectrum.
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Considering  the max. shear force of the base shear for SDOF system.

V Bmax  = k[Umax]

VBmax=ω2mSD

V Bmax  = m ω2 SD
V Bmax  = mPSA
PSA= ω2 SD
PSA = Pseudo spectral acceleration.
A plot of PSA with respect to T or ω is called pseudo acceleration spectrum.
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Figure 1: Buildings with one of their overall sizes
much larger or much smaller than the other

two, do not perform well during earthquakes.
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The three spectra are together drawn on a single log plot known as tripartite response.

Peak ground acceleration (PGA)

· Peak ground acceleration (PGA) is equal to the maximum ground acceleration that occurred during earthquake shaking at a location. PGA is equal to the amplitude of the largest absolute acceleration recorded on an accelerogram at a site during a particular earthquake.

· Earthquake shaking generally occurs in all three directions. Therefore, PGA is often split into the horizontal and vertical components. Horizontal PGAs are generally larger than those in the vertical direction but this is not always true, especially close to large earthquakes.

PGA  is  an  important  parameter  (also  known  as  an  intensity  measure) for earthquake    engineering,    The design   basis   earthquake   ground

	
	motion(DBEGM) is often defined in terms of PGA.

	withincodes)anditis

	
	The Mercalli intensity scale uses perso  al reports and observations to measure

	
	earthquake  intensity  but  PGA  is  measured  by  instruments,  such  as

	
	accelerographs. It can be correlated to macro seismic intensities on the Mercalli

	
	scale but these correlations are associated with large uncertainty.

	
	The peak horizontal acceleration (PH  ) is the most commonly used type of

	
	ground   acceleration   in   engineering
	applications.   It   is   often   used

	
	earthquake    ngineering(including
	seismic building

	
	commonly plotted on seismic hazard maps.
	


· In an earthquake, damage to buildings and infrastructure is related more closely to ground motion, of which PGA is a measure, rather than the magnitude of the earthquake itself.
· For moderate earthquakes, PGA is a reasonably good determinant of damage; in severe earthquakes, damage is more often correlated with peak ground velocity.
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3. Explain the Behaviour Of Rc Buildings Under Earthquake Loadings

· In spite of many codal regulations, 70% of deaths in natural disasters are attributed to building collapses in earthquakes.
· Hence, behavior of RC buildings is critically dependent on their design, detailing and construction.
The failures in RC buildings can be classified into the following broad categories:

· Failures due to Building Structure
· Building as a whole
· Individual members
· Failures due to Soil Conditions
Thefourattributesare:

◦
Good Structural
onfiguration
◦
Adequate Stiffness
◦
Minimum Lateral Strength
◦
Good Ductility

The behavior of building during earthquakes depends critically on its overall

shape, size and geometry.


Size of the Building:

◦
In tall buildings with large weight-to-base size ratio the horizontal movement of the floors during ground shaking is large.

◦
In short but very long buildings, the damaging effects during earthquake shaking are many. In buildings with large plan area, the horizontal seismic
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forces
can
be
excessive
to
be
carried
by
columns
and
walls.

[image: image14.jpg]into simple plans
Figure 2: Simple plan shape buildings do well
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Horizontal Layout of Buildings:

· Buildings with simple geometry in plan perform well during strong earthquakes.
· Buildings with re-entrant corners, like U, V, H and + shaped in plan sustain significant damage.
Thebadeffectsoftheseinteriorcornersintheplanofbuildingsareavoidedby making the buildings in two parts by us ng a separation joint at the junction.

[image: image15.jpg](a) Out-of-plane
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Columns at that level together
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Vertical Layout of Buildings:

· Buildings with vertical setbacks cause a sudden jump in earthquake forces at the level of discontinuity.
Adjacency of Buildings:

· When two buildings are close to each other, they may pound on each other during strong shaking.
· When building heights do not match, the roof of the shorter building may pound at the mid- height of the column of the taller one; this can be very dangerous.
· A typical RC building is made of horizontal members (beams and slabs) and vertical members (columns and walls), and supported by foundations that rest on ground. The system comprising of RC frame.
	
	The RC frame participates in resting the
	arthquake forces.

	
	Earthquake
	shaking  generates   nert a
	forces  in  the  building,  which  are

	
	proportional to the building mass.
	

	Role of Floor  labs and Masonry
	

	
	Floor slabs are horizo  tal plate like elements, which facilitate functional use of

	
	buildings.
	
	

	Usually,beamsandslabsatonestoreylevelarecasttogether.

	  In residential multi-story buildings, thickness of slabs is only about 110-150mm.

	  When beams bend in the vertical direction during earthquakes, these thin slabs

	
	bend along
	ith them (Fig.a).
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· And, when beams move with columns in the horizontal direction, the slab usually forcesthebeamstomovetogetherwithit.
· In most buildings, the geometric distortion of slab is negligible in the horizontal plane; this behavior is known as the rigid diaphragm action.
· After columns and floors in a RC building are cast and the concrete hardens, vertical spaces between columns and floors are usually filled-in with masonry
walls to demarcate
floor into functional spaces (rooms).
· Normally, these masonry walls, also called infill walls, are not connected to surrounding RC columns and beams.
· When columns receive horizontal forces at floor levels, they try to move in horizontal direction, but masonry walls tend to resist this movement.
· Due to their heavy weight and thickness, these walls attract rather large horizontal forces.
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Failures Due to Inadequacies in Building Structure

Overall Building

· Very often buildings are designed with heavy masses at elevated levels, e.g, water tanks on roofs.
· Particular care is required to transfer the large lateral inertial forces safely to the ground.
· Shear walls act as modes, namely flexure, shear, sliding or overturning.
· The flexure and shear modes of failure are attributed to inadequate reinforcement to resist the associated forces.
· Sliding action is observed at construction joints with improper anchoring of the transverse and longitudinal reinforcement b tween the superstructure and the
foundation.

· Damage to the building is primar ly due to extreme eccentricity in structural configuration leading to very significant torsional effects.
· The X-type cracking is commonly observed under severe seismic shaking of such coupled shear walls.
· Properly designed shear walls can possess relatively large strength compared to moment-resisting fram s.

· External diagonal bracing may be provided to effect lateral strength.
Individual Members:

· Beam-Columns, which carry significant axial force, usually have lesser ductility than beams and failures in them are most common.
· The failures can be caused due to excessive compression and diagonal tension caused by shear, flexure or torsion.
· In practice, confining of concrete is achieved through the use of transverse hoop and spiral ties.
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· But often the transverse reinforcement is found inadequate.
· In case of short members, large shear forces are generated which result in diagonal tension failure.
· And closely spaced shear stirrups are required to avoid the same.
· Adequate development length and proper location of the reinforcing bars are the additional aspects to concrete confinement at the beam-column joints.
· The loading at these joints is complex and cause predomi a t shearing action in the joints.
· Hence, horizontal reinforcement is needed to resist these forces.
· Hence, a careful reinforcement detailing of the joints is essential to avoid such a problem.
FailuresduetoInadequaciesinSoilCodition


At the chosen building site, the underlying sub-grades often posse’s surprises.

Three identically designed buildi gs in the same neighborhood may not perform similarly due to variations in underlying soil strata.

In such cases, buildings which are sufficiently tough to take unexpected ground performance are preferred.


Widespread disasters and damages are caused by soil failures during earthquakes

4. ELABORATE THE LESSONS LEARNT FROM PAST EARTHQUAKES Introduction

The earthquake resistant design and construction have been evolved as a result of lessons learnt from the damages due to past earthquakes and helped in evaluation and modification of the provisions of the code of practice

Bihar- Nepal earthquake of 1988

A moderately sized earthquake of magnitude 6.6 occurred in Bihar and Nepal on August 21 1988. The earthquake caused significant damage. About 104 people died
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and more than 16,000 were injured. There was significant damage to embankments, bridges and buildins in Bihar, hilly regions of Darjeeling district and Sikkim.

Lesson learnt

An active interaction between earthquake engineers, structural engineers, seismologist, architects and government authorities should take place which will greatly help in reducing the seismic vulnerability.

Uttarkashi Earthquake of 1991

An earthquake of magnitude 6.6 stuck the districts of Uttarkashi, Tehri and Chamoli in the states of uttarpradesh on October 200, 1991. In this earthquake 768 people lost their lives, with about 566 injured. The maximum peak ground acceleration recorded at this about 0.31 g. Some of the ordinary R.C building collapsed.

The damage is mostly due to the failure of inf lls, columns or beams and spalling of concrete in column. The column is damaged by cracking or buckling due to excessive bending combined with axial load . the buckling of column is significant when

thecolumnsareslenderandthespacingofthestirrupsinthecolumnislarge.Severe crack occurs near the rigid joints of frame due to shearing action which lead to complete

collapse.
Most of the damage occurred at the beam column junction. Wide spread damage was also observed at the interface of stone or brick masonry infill and R.C frame. In most of the cases diagonal cracks appeared in the stone or brick infill. The buildings
resting on soft storey columns without or with very few infill walls undergone severe damage. The foundation showed the isolated footing and the exposed column reinforcement.

Lesson learnt

The performance of buildings during earthquakes reveals that if the earthquake resistant measures as specified in building codes are adopted, buildings are quite safe.

Location of buildings has profound influence on the performance of the buildings. Site selection should be based on local geology and the subsoil properties which modify the earthquake ground motion.The architect either have little or ignorant about earthquake resistant provisions in the building and there is no method of fixing accountability.
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Killari Earthquake of 1993

An earthquake of magnitude 6.4 was felt on September 30, 1993 at Killari in Latur District. Killing about 81,000 people, the maximum intensity of shaking was about VIII to IX. Earlier to this event, the area was considered as a seismic and placed in the lowest seismic zone I by IS 1893-1984

Lessons Learnt

It needs to be emphasized here that the heavy death tolls in interior Maharashtra during the Latur quake (10,000) and in kachch during the Bhuj quake(20,000) were entirely due to extremely poor construction of houses using basalt rock boulders.

Earthquake resulting tsunami in Indian Ocean on December 26th 2004

The Andaman and Nicobar island are a tertiary of India located in the Indian ocean along the south eastern portion of the bay of Bengal, near the epicenter of the original 9.0 Earthquake. Both island groups were not only devastated by the tsunami, but also by the earthquake and several aft r shocks that occurred near the islands.

AccordingtoIndiangovernmentalmost11000peoplediedintsunamiandover5000 were missing and feared dead. It was est mated that 380,000 have been displaced by disaster.
Lesson Learnt
The indirect damages to building during earthquakes are sometimes far greater than the damages due to ea thquake itself, such as outbreak of fire, rock fall, landslide, avalanche and tsunamis.

Performance of Multi-stor y R.C. Framed Buildings during Bhuj Earthquake, 2001

The reasons seem to be poor detailing, poor quality of construction and inadequate supervision .The damage to multi-storey buildings in Bhuj is found to be wide spread. It is interesting to note that multi-storey buildings have also damaged as far distances as Ahmedabad, Gandhidham and Surat. Whereas well designed and well constructed R.C. framed buildings following the Indian Standard Code of practice have performed very well during the earthquake. Most of the buildings constructed by CPWD, Post and Telegraph and other government agencies have

Lessons Learnt

Configuration

· Avoid construction of heavy structures at the top such as water tank, swimming pool, garden etc.
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· Failure results due to soft storey and weak storey conditions and therefore should be avoided.
Design

· Buildings designed and constructed as per Indian Codal practices have withstood the earthquake well and therefore Codal practices must be followed.
· Adequate strength in both the longitudinal and transverse directions should be provided.
· The frame of a building should have adequate duct l ty so as to permit energy dissipation through plastic deformations.
Detailing

· Inadequate quantities and anchorage of longitudinal and transverse reinforcement cause damage/ failure.
plicingjointsareweakagainstearthquakes.Columnsplicingshouldbe provided in the middle of the column height. Close stirrups should be used at overlap portion.

Proper detailing of beam-column joints should be made. The beam reinforcements should go well inside the column for better anchorage.
 Strong columns and weak beam design concept should be aimed so as to prevent total collapse.

5. DESCRIBE EFFECT OF EARTHQUAKE ON DIFFERENT TYPE OF STRUCTURES

Earthquake causes shaking of the ground. So a building resting on it will experience motion at its base. From Newton’s First Law of Motion, even though the base of the building moves with the ground, the roof has a tendency to stay in its original position.

But since the walls and columns are connected to it, they drag the roof along with them. This tendency to continue to remain in the previous position is known as inertia. In the building, since the walls or columns are flexible, the motion of the roof is different from that of the ground.
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The inertia force experienced by the roof is transferred to the ground via the columns, causing forces in columns. During earthquake shaking, the columns undergo relative movement between their ends.

Horizontal and Vertical Shaking

Earthquake causes shaking of the ground in all three directions – along the two horizontal directions (X and Y, say), and the vertical direction (Z, say) . Also, during the earthquake, the ground shakes randomly back and forth (- and +) along each of these X, Y and Z directions. All structures are primarily designed to carry the gravity loads, i.e., they are designed for a force equal to the mass M (this i cludes mass due to own weight and imposed loads) times the acceleration due to gravity g acting in the vertical
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However horizontal shaking along X and Y directions (both + and – directions of each) remains a concern. Structures designed for gravity loads, in general, may not be able to safely sustain the effects of horizontal earthquake shaking. Hence, it is necessary to ensure adequacy of the structures against horizontal earthquake effects.

Causes of failure of masonry buildings:

These buildings are very heavy and attract large inertia forces. Unreinforced masonry walls are weak against tension (Horizontal forces) and shear, and therefore, perform rather poor during earthquakes.

These buildings have large in plane rigidity and therefore have low time periods of vibration, which results in large seismic force. These buildings fall apart and collapsed because of lack of integrity. The lack of structural integrity could be due to lack of ‘through’ stones, absence of bonding between cross walls, absence of diaphragm action of roofs.
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Reinforced masonry buildings:

Reinforced masonry buildings have withstood earthquakes well, without appreciable damage. For horizontal bending, a tough member capable of taking bending is found to perform better during earthquakes. Even dry packed stone masonry wall with continuous lintel band over openings and cross walls did not undergo any damage.

Brick-R.C. frame buildings:

This type of building consists of RC frame structures a d brick lay in cement mortar as infill. This type of construction is suitable in seismic areas.

Common type of damage in RC frame buildings:

The damage is mostly due to failure of inf ll, or failure of columns or beams. Spalling of concrete in columns. Cracking or buckling due to excessive bending combined with dead load may damage the column. The buckling of columns are significantwhenthecolumnsareslenderadthespacingofstirrupinthecolumnis large.
evere crack occurs near rigid joi ts of frame due to shearing action, which may lead to complete collapse. The differential settlement also causes excessive moments in the frame and may lead to failure. Design of frame should be such that the plastic hinge is confined to beam only, because beam failure is less damaging than the common failure.

Reinforced concrete buildings:

This type of construction consists of shear walls and frames of concrete. Substantial damage to reinforced concrete buildings was seen in the Kanto (1923) earthquake. Later in Niigata (1964), Off-Tokachi (1968) and Venezuela (1967) earthquake it suffered heavy damages. The damage to reinforced concrete buildings may be divided broadly into vibratory failure and tilting or uneven settlement. When a reinforced concrete building is constructed on comparatively hard ground vibratory failure is seen, while on soft ground tilting, uneven settlement or sinking is observed.

In case of vibratory failure the causes of damage may be considered to be different for each case, but basically, the seismic forces, which acted on a building
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during the earthquake, exceeded the loads considered in the design, and the buildings did not have adequate resistance and ductility to withstand them. In general these buildings performed well as observed in Skopje (1963) and Kern country (1952) earthquakes.

Tilting and singing of reinforced concrete buildings during earthquakes were seen in the Kanto and Niigata earthquakes. Most failed because the dead weights could not be supported after the settling of the ground. Such damage is peculiar to buildings in soft ground, the damage becomes higher in the following order: pile foundation, mat foundation, continuous foundation and independent foundation

The hollow concrete block buildings with steel rei forcement in selected grout filled cells have shown good performance. The P ecast and prestressed reinforced concrete buildings also suffered severe damage mostly because of poor behaviour of joints or supports. The Precast and prestress d l ment as a rule were not destroyed

asobservedin1952Kerncountryand1964chorageearthquakes.

teel skeleton buildings:
Buildings with steel skeleton co struction differ greatly according to shapes of cross sections and method of connection. They may be broadly divided into two varieties, those employing braces as earthquake resistant elements and those which are rigid frame structures. The former is used in low building while the later is used in high-rise buildings.

Steel skeleton construction, particularly the structural type in which frames are comprised of beams and columns consisting of single member H-beams, is often used in high-rise buildings. The non-structural damage is common but none of these building severely damages as observed in 1906 San Francisco earthquake

Steel and reinforced concrete composite structures:

Steel and Reinforced Concrete Composite Structures are composed of steel skeleton and reinforced concrete and have the dynamic characteristics of both. It is better with respect to fire resistance and safety against buckling as compared to steel skeleton. Whereas compared to reinforced concrete structures it has better ductility after yielding.
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UNIT 5

DESIGN METHODOLOGY

PART A

1. Write short notes on Soil Liquefaction?

This occurs when shaking during an earthquake. It causes saturated granular material to lose its strength and act like a liquid. This allows heavy structures to become very unstable and sink into the ground. Areas susceptible to liquefaction include low lying areas in water saturated, loose, sandy soils and poorly compacted art ficial fill.

2. What are the shapes of building configuration?
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3. What are the reasons for high causality?

1) Urbanization is rapidly increasing and due to increase in land cost, many multi storied buildings are being constructed.

2) Code is not mandatory.

3) Construction as such is governed by municipal by-laws.

4) Seismic provisions are not incorporated.

5) Non enforcement of elaborated checks .

6) No checks even for simple ordinary design.

Earthquake resistant design guidelines

4.DefineDrift:

It is the maximum lateral displacement of the structure with respect to total height or relative inter-storey displacement. The overall drifts index is the ratio of maximum roof displacement to the height of the structure
5. What are the code adopted for design of multi storey buildings ?
IS 1893 (part I) – 2002. More th n 60% area of India is earthquake prone. According to IS 1893 (part I) – 2002, India is divided into several zones to their magnitude of intensities.

6. Define Damping:?

It is removal of kinetic energy and potential energy from a vibrating structure and by virtue of which the amplitude of vibration diminishes steadily. Some vibrations are due to initial displacement or initial velocity. Due to damping, these vibrations decay in amplitude.

7. Define Grout?

A mixture of cement (or any binding material), sand and water of pourable consistency for filling small voids. Remark: used extensively for filling the surrounding the reinforcement in masonry.
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8. Define Cover?

To develop the required bond strength and to protect the reinforcement against corrosion, cover to reinforcement is provided. Minimum cover for reinforcement should comply with Tables 16 and 16A of IS 456 : 2000.

9. How to define Shear Failure?

A beam may also fail due to shearing action. A shear crack is i clined at 45°to the horizontal; it develops at mid-depth near the support and grows towards the top and bottom faces. Closed loop stirrups are provided to avoid such shearing action. Shear damage occurs when the area of these stirrups is insufficie t.
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Fig: Two types of damage in a beam: flexure and shear

Shear failure is brittle and therefore shear failure must be avoided in the design of RC beams. These requirements apply to frame members resisting earthquake induced forces and designed to resist flexure.

10. What are the Factors that affect the wind load?

The geographic location, Elevation, Degree of exposure, Relationship to nearby structures, Building height and size, Direction of prevailing winds, Velocity of prevailing winds and Positive or negative pressures due to architectural design features.
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PART B

1. EXPLAIN THE DAMGES CAUSED DUE TO EARTHQUAKE? Most earthquake damages are caused by shaking

The intensity of shaking that a building or structure will experience during an earthquake is highly variable, but generally depends on three main factors:

The magnitude of the earthquake:

In general, the larger the quake, the stronger the shaking and the larger the area affected.

The distance from the earthquake:

The  closer to the source of the earthquake, the greater the shaking.

The type of ground material beneath the structure:


Soils may amplify or de amplifies the shaking elative to hard bedrock. The variables above will also affect the kind of damage done. Below is a list of various kinds of

damagethatmayoccur.RoadsbuckleBuildingdamage


Damage amount is affected by local bu lding/construction codes and is particularly dangerous in un reinforced masonry buildings Electric lines and gas mains can snap Large areas of ground can shift position Movement in large bodies of water am failures urface fault ruptures Landslides/Rock falls
All these occur in hilly/mou tai ous regions. The damage caused can range from blocked roads to possibly huge p operty damage and many deaths.
Soil Liquefaction

· This occurs when shaking during an earthquake.It causes saturated granular material to lose its strength and act like a liquid. This allows heavy structures to become very unstable and sink into the ground.Areas susceptible to liquefaction
include low lying areas in water saturated,loose, sandy soils and poorly compacted artificial fill.

Fires

Earthquakes can easily cause fires. Ground movements can lead to gas and fuel leaks in pipes, cutting of electrical cables, etc. The destruction of water pipes makes it harder to fight such fires.
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Release of hazardous materials

If tanks or other structures containing these materials are damaged the chances of a release are increased.

2. Describe The Significance Of Planning Considerations / Architectural Concepts As Per Is:4326 - 1993

Lightness

· Since the earthquake force is a function of mass, the bu ld ng shall be as light as possible consistent with structural safety and functional requirements. Roofs and upper storey of buildings, in particular, should be desig ed as light as possible.
Continuity of Construction

Partsofthebuildingshouldbetiedtogethrinsuchamannerthatthebuildingacts as one unit. For parts of buildings between separation or crumple sections or expansion joints, floor slabs shall be continuous throughout as far as possible.

Concrete slabs shall be rigidly co ected or integrally cast with the support beams. Additions and alterations to the structures shall be accompanied by the provision of separation or crumple sectio s between the new and the existing structures as far as possible, unless positive measures are taken to establish continuity between the existing and the new construction

Projecting and Suspended Parts

· Projecting parts shall be avoided as far as possible. If the projecting parts cannot be avoided, they shall be properly reinforced and firmly tied to the main structure, and their design shall be in accordance with IS 1893 : 1984.
· Ceiling plaster shall preferably be avoided. When it is unavoidable, the plaster shall be as thin as possible. Suspended ceiling shall be avoided as far as possible. When provided they shall be light, adequately framed and secured.
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Building Configuration


The building should have a simple rectangular plan and be symmetrical both with respect to mass and rigidity so that the centers of mass and rigidity of the building coincide with each other in which case no separation sections other than expansion joints are necessary. For provision of expansion joints reference may be made to IS 3414 : 1968.


If symmetry of the structure is not possible in plan, elevation or mass, provision shall be made for tensional and other effects due to earthquake forces in the structural design or the parts of different rigidities may be separated through crumple sections.


The length of such building between separation sections shall not preferably exceed three times the width. Buildings having plans with shapes like L, T, E and Y shall preferably be separated into rectangular parts by p oviding separation sections at appropriate places. Typical examples are shown in Fig
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Fig:Typical shapes of building with separation sections
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Strength in Various Directions

The structure shall be designed to have adequate strength against earthquake effects along both the horizontal axes. The design shall also be safe considering the reversible nature of earthquake forces.

Foundations

The structure shall not be formed on such loose soils which will subs de or liquify during an earthquake, resulting in large differential settlements.
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Fig:Plan and vertical irregularities

Ductility

· The main structural elements and their connection shall be designed to have a ductile failure. This will enable the structure to absorb energy during earthquakes to avoid sudden collapse of the structure.Providing reinforcing steel in masonry at critical sections, as provided in this standard will not only increase strength and stability but also ductility.The details for achieving ductility in reinforced concrete structures is given in IS 13920 : 1993.
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Damage to Non-structural Parts

· Suitable details shall be worked out to connect the non-structural parts with the structural framing so that the deformation of the structural frame leads to minimum damage of the non-structural elements.
Fire Safety


Fire frequently follows an earthquake and therefore build ngs shall be constructed to make them fire resistant in accordance with the provisions of following Indian Standards for fire safety, as relevant: IS 1641 : 1988, IS 1642 : 1989, IS 1643 : 1988, IS 1644 : 1988 and IS 1646 : 1986.

3. WHAT ARE THE GUIDELINES TO BE CONSIDERED FOR THE DESIGN OF EARTHQUAKERESISTANTSTRUTURES?

GUIDELINES FOR EARTHQUAKE RESIST  NT DESIGN

An earthquake is vibration of earth surface by waves emerging from the source of disturbance in the earth by virtue of release of energy in the earth‘s crust.

It is a sudden and tra sie t motion or series of motions of the earth surface originating in a limited under ground motion due to disturbance of the elastic equilibrium of the e rth m ss and spreading from there in all directions.

REASONS FOR HIGH CASUALITY

1) Urbanization is rapidly increasing and due to increase in land cost, many multi storied buildings are being constructed.

2) Code is not mandatory.

3) Construction as such is governed by municipal by-laws.

4) Seismic provisions are not incorporated.

5) Non enforcement of elaborated checks .
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6) No checks even for simple ordinary design. Earthquake resistant design guidelines

GENERAL GUIDE LINES:

Drift:

· It is the maximum lateral displacement of the structure with respect to total height or relative inter-storey displacement. The overall drifts index s the ratio of maximum roof displacement to the height of the structure
· Inter-storey drift is the ratio of maximum difference of lateral displacement at top and bottom of the storey to the storey height.
· Non structural elements and structural non seismic members primarily get damaged due to drift. Higher the lateral stiffness lesser is the likely damage.
Thestoreydriftinanystoreyduetomiimumspecifieddesignlateralforcewith partial safety factor of unity shall not exceed 0.004 times the storey height.

eparation between adjacent units or buildings:

Two adjacent buildings or two adjacent units of the same building with separation joint in between shall be separated by distance equal to the amount R times the sum of the calculated sto ey displacements as specified above of each of them to avoid damaging contact when the two units deflect towards each other.

Soft storey:

· Soft storey or flexible storey is one in which the lateral stiffness is less than 70% of that in the storey above or less than 80% of the average lateral stiffness of the three storeys above. In case of buildings with a flexible storey such as ground storey special arrangements are need to be made to increase the lateral strength and stiffness of the soft storey.
· For such buildings, dynamic analysis is carried out including the strength and stiffness effects of infills and inelastic deformations in the members particularly those in the soft storey and members are designed accordingly.
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Alternatively, the following design criteria has to be adopted after carrying the earthquake analysis neglecting the effect of infill walls in other storeys. When the floor levels of two similar adjacent buildings are at the same elevation levels, factor R can be taken as R/2.

a) The columns and beams of the soft storey are to be designed for 2.5 times the storey shear and moments calculated under seismic loads specified.

b) Besides the columns designed and detailed for calculated storey shears and moments, shear walls placed symmetrically in both direct o s of the building as far away from the center of the building as feasible to be designed exclusively for 1.25 times the lateral storey shear calculated.

Foundation:

· The use of foundations vulnerable to significant differential settlement due to ground shakingshallbeavoidedforstructuresinseismiczones-III,IV&V.Individualspread footings or pile caps shall be interconnected with ties except when individual spread
footings are directly supported on rock.
· All ties shall be capable of carryi g an axial force equal to Ah/A times the larger of the column or pile cap load in addition to the otherwise computed forces where Ah is the design horizontal spectrum value.
Projections:
a) Vertical projections:

Tanks, towers parapets, chimneys and other vertical cantilever projections attached to buildings and projecting the above roof shall be designed and checked for stability for 5 times the design horizontal seismic co-efficient Ah.In the analysis of the building, the weight of these projecting elements will be lumped with the roof weight.

b) Horizontal projections:

All horizontal projections like cornices and balconies shall be designed and checked for stability for 5 times the design vertical co- efficient equal to 10/3 Ah. These increased design forces either for vertical projection or horizontal projection are only for designing the
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projecting parts and their connection with the main structures. For the design of main structure increase need not to be considered.

Shape of the building:

Very slender buildings should be avoided. Large overhangs and projections attract large earthquake forces. Heavy masses like large water tanks, etc., at the top shall be avoided.

Small water tanks, if provided, should be properly connected with the framing system. Building should be sufficiently be away from steep slopes. It should be built on filled up soil.

Asymmetry should be avoided as they undergo torsion a d extreme corners are subjected to very large earthquake forces.

Damping:

virtue of which the amplitude of vibration diminishes steadily. Some vibrations are due toItisremovalofkineticenergyandpotetalenergyfromavibratingstructureandby  initial displacement or initial velocity. Due to damping, these vibrations decay in amplitude.
1. When there is harmonic applied force and its period is nearly equal to the natural period of the structure, the vib ation will grow from zero displacement and velocity. Damping limits the maximum mplitude.
2. More damping , less is the amplitude.

3.Negative damping may arise while the vibration is small, followed by positive damping at large amplitude vibrations.

The code adopted for design of multi storey buildings considering seismic forces is IS 1893 (part I) – 2002. More than 60% area of India is earthquake prone. According to IS 1893 (part I) – 2002, India is divided into several zones to their magnitude of intensities.
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4. Explain About Earthquake Resistant Design For Masonry And Reinforced Cement Concrete Buildings?

· Masonry construction is the oldest and most common building technique, together with timber construction. The word ―masonry‖ actually encompasses techniques which may differ substantially depending on type and shape of materials and construction methods.
· Masonry may be defined as a structural assemblage of maso ry units (such as stones, bricks and blocks) with a binding material known as mortar.A vertical two-dimensional structure of such an assemblage is known as masonry wall.
· The walls of a masonry building and the building itself are designed to be stable, strong and durable to withstand a combination of design loads.
Terminologies in Structural Masonry
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	I. No
	Terminology
	
	Definition a  d remarks

	
	
	
	
	

	
	
	Bed Block
	
	A  block  bedded  on  a  wall,  column  or  pier  to  disperse  a

	
	
	
	
	conce  trated load on a masonry element.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	Net cross-sectional area of a masonry unit shall be taken as

	
	
	
	
	the  gross cross-sectional  area  minus  the  area  of  cellular

	
	
	
	
	space.  Gross  cross-sectional  area  of  cored  units  shall  be

	
	
	determinedtotheoutsideofthecoringbutcross-sectional area

	
	
	
	
	of  grooves  shall  not  be  deducted  from the  gross  cross-

	
	
	Cross-Sectional
	Area  of sectional area to obtain the net cross sectional area.

	
	
	Masonry Unit
	
	Remark: Net section area is difficult to ascertain especially in

	
	
	
	
	hollow masonry units. In case of full mortar bedding as it is the

	
	
	
	
	gross sectional area based on the out-to-out dimension minus

	
	
	
	
	hollow spaces. Often alignment of cross webs is not possible

	
	
	
	
	while  laying  hollow units  and  the  load  transfer  takes  place

	
	
	
	
	through mortars on the face shells only. In such cases, it is

	
	
	
	
	conservative to base net cross-sectional area on the minimum
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face shell thickness.
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Net cross sectional area = shaded area or gross area if the block is more than 75% solid
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Netarea=shadedarea=full-mortarbedding
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Net area = shaded area if face-shell bedding is adopted (provided alignment of cross webs is ensured)

	
	A mixture of cement (or any binding material), sand and

	Grout
	water of pourable consistency for filling small voids. Remark:

	
	used extensively for filling the surrounding the reinforcement

	
	

	
	in masonry.

	
	

	URM
	Un-reinforced masonry

	
	

	RM
	Reinforced masonry

	
	

	MI
	Masonry In-fill, the masonry wall between the columns and
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	beams of a frame structure

	
	
	
	
	

	
	
	
	
	Engineered  Masonry  Unit — engineered  for  architectural

	
	
	EMU
	
	(colour, shape, texture etc), physical (density) and structural

	
	
	
	
	requirement (strength, elasticity and durability)

	
	
	
	
	

	
	
	
	
	Hollow concrete block (A masonry unit of which net cross-

	
	
	HCB
	
	sectional area in any plane parallel to the bearing surface is

	
	
	
	
	less  than  75  percent  of   ts  gross  cross-sectional area

	
	
	
	
	

	
	
	
	
	measured in the same plane)

	
	
	
	
	

	
	
	ECB
	
	Engineered Concrete Block

	
	
	
	
	

	
	
	SMB
	
	Stabilised Mud block

	
	
	
	
	

	
	
	CB
	
	Solid Concrete Block

	
	
	
	
	

	
	
	TMB
	
	Table Moulded Brick

	
	
	
	
	

	
	
	WCB
	
	Wire-cut Brick

	
	
	
	
	

	
	
	Grouted  Hollow  Maso
	y
	That form of grouted masonry construction in which certain

	
	
	
	
	designated cells of hollow units are continuously filled with

	
	
	Unitgrout.

	
	
	GroutedMulti-Wythe
	
	That  form  of  grouted  masonry  construction  in  which  the

	
	
	
	
	space between the wvthes is solidlv or periodically filled with

	
	
	Masonry
	
	

	
	
	
	
	grout.

	
	
	
	
	

	
	
	
	
	

	
	
	Wythe
	
	A continuous vertical tie of masonry one unit in thickness.

	
	
	
	
	

	
	
	GroutedMulti-Wythe
	
	That  form  of  grouted  masonry  construction  in  which the

	
	
	
	
	space between the wvthes is solidlv or periodically filled with

	
	
	Masonry
	
	

	
	
	
	
	grout.
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Question Paper Code : 71265

B £./B.Tech. DEGREE EXAMINATION, APRIL/MAY 2015.

Seventh Se;pester
Civil Engi:%éering
CF ©403/0E 73/10111 CE 703 — BASI@ OF DYNAMICS AND ASEISMIC
DESIGN
(Regulation 2008/2010)

(Corimon to PTCE 2403/10111 CE 703 __ Basics of Dynamics and Aseismic
Design for B.E. (Part-Time) Fifth/Seventh Semester Civil Engineering
~ Revulation 2009/2010)

Pime : Three hours Maximum : 100 marks
(Use of 155 1893-2002 is permitted)
Answer ALL guestions.

PART A — (10 x 2 = 20 marks)
(. Staw the Newton’s second law of motion.
9. Define : Frequency, Period.
3 What is dynamic load factor?
1 What do you mean by two degrees of freedomAsystem'Y
5. What are the natural sources of earthquake?
6. Distinguish between magnitude and intensity of an earthquake.
7. What is cyelic mobility?
& What is curvature ductility?
9 Stote ey two types of dampers.

10, What is the concept of capacity design?
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PART B — (5 x 16 = B0 marks)

(i)  Briefly explain the dlffererﬁ: methods of evaluating dampmg in a
system. (6]

(i) A SDOF system has a m:$95 of 60 kg and a spring stiffness of
6 kN/m and a damper witb a damping coefficient of 5 N-s/m.
Determine :

(1) Critical damping coeﬂfﬁept.

(2) - Natural frequency of cﬁn}ped vibration.
id |

(3) Logarithmic decreme; (8)

Or

i‘ted on four parallel springs of total
d rotating component which result in
q\xencv of 2121 rpm. If damping ratio

A machijne of 200 kg mass is s
stiffnesg 750 N/m has an unbali.
a disturbing force of 350 N at a
is O 2. Determine:

()  Amplitude of motion due to ix'xbalance Y”?rﬂ :

(i) Transmissibility. g? | \

(iii) Transmitted force. . | (16)

For the MDOF system shown ia§
the fundamental mode shape. ]

gure 12 (a), find the frequencies and
ifness k and mass m are same. (16)

ib) is to be modelled by a mass less
uniform bar to which are attache th two lumped masses representing
the mass of original system as Ki4 4 AE/L and m = pAL. Determine the
natural frequencies and the normb$ thodes of this model. (16)

et

A cantilever bar shown in ﬁgurq

71265

"

15



[image: image74.jpg]13. (a) Discuss the theory of plate tects

ot

®)

b @ Exi)lai.n about seismograp
(i) Explain the characteri%‘.i
sketch. i

14. (a) Briefly explain the methods a ’ } le to reduce liquefaction of soil.  (16)

> ;lement level and global level ductility.
h ' : ®

() () List the methods to impx?i
i
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15. (@) () Explain the generél pringi# 4 of IS 1893 (Part I):2002. (10)

(ii) . Write short notes on bas tion technique. ) (6)

(b) Briefly describe the types of p.

of buildings with neat sketched. (16)

e

i

I
ix _gularities and vertical ifregularities
i
]
3

i
]




[image: image75.jpg]Reg.No.:[ | | | | T11)

i

| Question Paper Code : 51256 l

B.£/B.Tech. DEGREE EXAMINATION, MAY/JUNE 2014.

Seventh Sem ter

Civil Engineering

CE 2403/CE 73/10111 CE 703 — ICS OF DYNAMICS AND
ASEISMIC DESIGN

(Regulation 2308/2010)

(Common 'to PTCE 2403 — Basics of Dynamics and Aseismic Design for B.E.
(Part-Time) Fifth Semester Civil Engineering — Regulation 2009)

Time : Three hours Maximum : 100 marks
(Use of 18 18932002 is permitted)
Answer ALL questions.

PART A — (10 x 2 = 20 marks)

1. State D'Alembert’s principle of dynamic equilibrium.

9. What do you mean by frequency response curve for damped system?

3. How is frequency affected in the free vibration of a shear frame?

4, What is mode superposition?

5. What is elastic rebound theory?

6. What is the difference between magnitude and intensity of earthquakes?
7 What is liquefaction of soils?

3. What is ductility ratio?

9. How to reduce the earthquake effects on building?

10. What is shear flexure failure?
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PART B — (5 % 16 = 80 marks)

Derive the equation of motion of a single degree of freedom system for
free vibration and find the solution for

(i)  under damped system and (8)
(i) over damped system. ®)

Or

A simple supported rectangulhl; beam has a span of 1 m. It is 100 mm
wida and 10 mm deep. It is wd at mid-span of a beam by means of
a linear spring having a stiffisdsd of 100 kg/cm and a mass of 300 kg is
attached at the other end of sﬂ'xi(ag Determine the natural frequency of
the gystem. Take E = 2.1 x 10%kg/cm? . . (16)

using ‘modal analysis. As: initial conditions are zero. Take

Obtain the steady state res ) for the shear frame sHown in fig. 1
s
k = 1000 kN/m and mass at egghifloor is 1000 kg. (16) .

Xz

Find the natural ftequencieé d modes of vibration for the system
shown in fig. 2. 16) " i

12 b))
ﬁ lithospheric plates. (i6)

Discpss on some of the disas | earthquakes. (16)
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Explain the concept of design spddirum with sketches. (16)

: in earthquake resistanée design of
R.C. buildings and the factors | ¥ ng ductility. (16)

ng frame of a hospital biilding is of
zone IV. The height between floors is
s are lumped at the resPective floor
i hard rock. Stiffness of eath column in
B00 kN/m and 300 kN/m fespectively.
floors' are 80 kN, 40 kN and 40 kN
bn-- shear and the equivalent lateral
e , he empirical method of I8 1893-2002

H (16)

A three storeyed single bay Kuf§i
reinforced concrete. It is situafegi
3 m. The dead load and live;
levels. The structure is resisti
1, II and III floors are 400
The seismic weight of I, IT ag
respectively. Determine the B
loads at various floor levels
(Part I).

With neat sketches explai
techniques.

different types of base isolation
(18)
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BEE 1 et DEGREE EXAMINATION, NOVEMBER/DECEMBER 2014.

Seventh Semester

Clivil Engineering

CE 2403/CE 78/10111 CE 703 — BASICS OF DYNAMICS AND ASEISMIC
DESIGN

(Regulation 2008/2010)
(Common 1o PTCK 2403/10111 CE 703 - Basies of Dynamics and Aseismic Design

for BUE. Pare-Time) Fifth/Seventh Semester Civil Engineering — Regulation
2009/2010)

Time  Thies tou Maximum : 100 marks
(Use of IS 1893 - 2002 is permitted)
Answer ALL questions.

PART A — (10 x 2 = 20 marks)

T Define damping.

2. What are the consequences of vibration in & structure?

3. What do vou mean by eql;ivalent stiffness of a spring?

4. What 15 natural period?

5. What is the basic difference between focus and epicenter?
6. What 1= “elcincgram?

s WNhat i steady state and transient response”

8. What 1s meant impulsive force?

9. Jefine ductility ratio.

10.  What do you understand by the ierm hase isolation?
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PART B — (5 x 16 = 80 marks)

(1)  Briefly explain the types of vibration. (10)

@i1) A harmonic motion hes a iqe'g(imum velocity of 6 m/s and it has a
frequency of 12 cps. Detersinke its amplitude, period and maximum
agceleration. : ®)

O .

A masg of one kg is suspended bt & spring having a stiffness of 600 N/m.
The mass is displaced do‘wnwatdj from its equilibrium position by a
distange of 0.01 m. Find

(i)  Equation of motion of the s;,?sﬁem
(ii) . Natural frequency of the sigté.m

(iii) The response of the systent #s a function of time

(iv) Total energy of the system (16)
bg
Determine the natural frequengfes and modes of the system shown in

Fig. 12 (a). H (16)

(b)

Determine the natural frequen 3 and mode shapes for the structure
shown in Fig. 12 (b). i ) 16)

%
&'_ s Bxn vo‘o—w—-“'

PR = 2-5x 16" N/mm?®
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14. (a)
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15. (a)

(b)

(i) Explain elastic rebound the;) (6)

(i)  Explain body waves and suif 34 waves with neat sketches. (10)

(i)  How earthquakes can be le K ed" ' (12)
¥

(@i1) Write short notes on tsuna?l (4)

(i)  What are the concepts of p H ound acceleration? (10)

(i) Explain the response spedt u given in IS 1893 2002 with neat’

sketch. (6)

in categories of ]iqueféctio’n of soil.
6
#lls to reduce liquefaction of soil. (10)

(i)  Write short notes on the t

(ii)  Briefly describe any five mi

Briefly describe the types of plad i #¢gularities and vertical irregularities
of building with neat sketches. | fi

of It

(1) Write short notes on any ogefty ;e of dampers with neat sketch. (4)

(i) Write the step by step

jadedure for. seismic analysis.of RC
buildings. '

(12)
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‘ Question PaperiCode : 21217

B.E/B.Tech. DEGREE EXAMINATION, MAY/JUNE 2013.

e

Seventh Semester
Civil Engineering
(% 2403/ CE 73 -- BASICS OF DWWICS AND ASEISMIC DESIGN
(Regulatioh;2008)
Tiwe : Three hours | Maximum : 100 marks
(IS 1893 and IS 13920 ¢odes are permitted)
Answer ALL ;;;xestions.

PART A — (10 X 2 = 20 marks)

L State D Alembert’s principle

Ditferertiate free and forced vibration,

3 What is meant by coupled and uncoupled equations of motion?
£, What is meant by mode shape?

5. What is epicentre?

5. What are the factors influencing ground motion?

7. What is meant by liquefaction of soil?
3. Wuat is meant by zero period acceleration?
) Whal is the concept of base isolation?

19, What do you mean by seismic dampers?




[image: image82.jpg]= 80 marks)

PARTB — (5

a spring having a stiffness of 600 N/m.

11. (a) A mass of one kg is suspendei
from its equilibrium position by a

The mass is displaced dow
distance of 0.01m. Find

(i) Equation of motion of th

(i) Natural frequency of they

(jii) The response of the systamh &s a function of time
2y

(iv) Total energy of the s&ste'i’% ’ (4 x4)
-t

I
% |
|

%

(b) An SDOF system consists of g{ mass of 20 kg, a spring stiffness 2200 N/m
and a dashpot with a damp oefficient of 60 N-s/m is subjected to a
harmonic excitation of F = 208 Bin5t N. Write the complete solution of

* the gquation of motion.

12. (a) Determine the natural frequihdies and modes of the system shown in

fig.Q 12 (a).

(b) Determine the natural fregfricies and modes of the system shown in

Fig. Q 12 (b).





A prefabricated reinforcement in the form of lattice truss which has been hot dip galvanized after fabrication and is to be laid in the mortar bed joint.

[image: image83.jpg](3 @) Elastic rebound theory - ‘ 4

in in detail. (6)
| "

(i) Explain the types of faultjw§#l§ neat sketches. (6)

of earthquake. 4)

(b () Explain the types of car jake. (10)

(i1) Explain the seismogr neat sketch. (6)

(a) (i) What are the concepts §f Btbk ground acceleraticn? (10)

(i) - Explain the response s m IS 1893:2002 with neat sketch.  (6)

(b) (i) Write short notes on ain categories of liquefaiction of soil.

(6)

(ii)  Briefly describe any fi ' pthods to reduce liquefactioh of soil. (10)

S

(a) Briefly describe the type of Hldk
of buildings with neat sketches;

(b) (i)  Write short notes on e
(i) Write the step by s rocedure for seismic analysis "of RC
buildings. 1 (12)

rregularities and vertical irregularities

type of dampers with nedt sketch. (4)
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CI1 MO3/0F 73/101 11 CF 703 — BASICS OF DYNAMICS AND ASEISMIC DESIGN ) i

Seventh Semester

Civil Engineering

C ammon to PTCE 2403 - Basics of ijnamics and Aseismic Desigh for B.E. ) ‘
(Pt - Time) Fifth Semester Civil Engineering-Regulation ~2009)

(Regulation 2008/2010)

Time : Three hours Maximuth : 100 marks

Use of IS 1893-2002 is permitted
Answer ALL questions.

PART A — (10 x 2 = 20 marks)

Distinguish between Free and F‘oréeﬂwibration.

What are the various types of dynamic loads?

<

What ¢ meant by Degree of Freedom ot a Dynamic System?
AT

Lefine ‘Response Spectrum’ of un earthquake.

tut ts

Wh
What
What
What
W
(a)

(b

State 1YAlembert’s Principle.

the difference bet veen intensity and magnitude of earthquake? §
= Modified Mercalli scale!

¢ called ductility factor?

is the main function of base isolators?
reant by energy dissipadon canacity?

PART B —~ (5 x 16 = 80 marks)

Derive the equation of motion of single degree of freedom for free
vibration to find out the nacural frequency and angular frequency.

Or
Define and discuss the following:
Critical damping (8)

i1 Damped circular frequency (8)




Joint Reinforcement

	
	
	
	Ladder type reinforcement Truss type reinforcement

	
	
	
	
	

	
	
	
	An assemblage of maso
	ry units bonded by mortar with or

	
	Prism
	without  grout  used  as
	a  test  specimen  for  determining

	
	
	properties of masonry. (preferably with a height /thickness

	
	
	
	

	
	
	
	ratio between 2 to 5)
	

	
	
	
	

	
	Grouted Cavity
	Two parallel single leaf walls spaced at least 50 mm apart,

	
	
	effectively
	

	
	
	
	
	

	
	
	
	

	
	
	
	tied together with wall ties. The intervening cavity contains

	
	
	Reinforced Masonry
	steel reinforcement and is filled with infill concrete so as to

	
	
	
	esult in common action with masonry under load.

	
	
	

	
	
	Masonry reinforced primarily lo resist lateral loading where

	
	
	Pocket type Reinforced
	the main reinforcement is concentrated in vertical pockets

	
	
	
	

	
	
	Masonry
	formed in the tension face of the masonry and is surrounded

	
	
	
	
	

	
	
	
	by in situ concrete.
	

	
	
	
	

	
	
	Quetta Bond Reinforced
	Masonry at least one and half units thick in which vertical

	
	
	
	pockets  containing  reinforcement  and  mortar  or  concrete

	
	
	Masonry
	infill occur at intervals along its length.
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‘ (b)
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(b)

Derive the orthogonality rel“o’p between the modal shapes of a two

degrees of freedom. !
kb

Write in detail about Seism&#r@ph with neat schematic diagram and

their classifications. be b

i
§

o

Explain the plate tectonics ¢

y and its mechanism.

Disguss brieﬂ§ about the res

Defipe liquefaction. What ard
are the measures taken to red
Write in brief on the design i;‘
resigtant design.

e factors that affect liquefaction? What
d the possibility of liquefaction?

"Lvsophy and methodology of earthquake
1
|

Discuss seismic active contralithdthods and its concepts.

H
|
1
&
%;
¥

o
I
i
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Question Paper Code : 11201

B.E./B Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2012.

Seventh ;bé,mester
Civi! Enéineering

O 2403/CE 73 — BASICS OF DYNAMICS AND ASEISMIC DESIGN
(Kegulation 2008)

Mhree hours Maximum : 100 marks
(IS 1893 and IS 13920 codes are permitted)
Answer ALl;iquestions.
PART A — (lb &2 = 20 marks)
Explain Frequency Ratio.

Lxplawn Critical Damping.

Liescribe briefly the modal super position method.

What s the fundamental frequency and fundamental mode?

What s Elastic rebound theory?

Fxplain Modified Mercalli Intensity.

Describe dynamic behavior of soil.

Fxplain settlement of dry sand.

What 1s meant by Occupancy factor?

Iisplasn Story drift
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PART B — (5 x B

t

i
Show that the log-decremdt; is also given by the equation,
§=1/nlog(U,/U,) where U, *resents the amplitude after n” cycles

have elapsed. !g %

. The spring constant is 11000 KN/M
200 KN S/M. Determine,

A machine foundation weighs §¥
and dash pot (damper) constan§}

(1) whether the system is oves
(i) logarithmic decrement

(iii) ratio of two successive anjglitudes

=3 X

(iv) démped natural freque

(v) if the initial displaceme
displacement at t = 0.1 §§§

¥t the mass, M1 = M2 = 1000 Kg, and
WM. If a horizontal force of 20 KN is
dy level, determine the displacement of

In a two storeyed building i
stiffpesses are K1 = K2 = 11§
applied at the top of ground
masges Ml and M2.

Describe the two approaches * Jlgwed for the prediction of earthquakes.

Name the major plates of ' 11c e
On what is the assignme . an earthquakes magnitude based?
Is magnitude the same as inte‘ b8ity? Explain.

Describe briefly the factor afféffia liquefaction characteristics.

Derive an expression for the ¢§@d§tion which a structire will sink during

earthquake.

What is the effect of ignorin H contribution of masonry infill in the
$§idrey frame?

) f a soft storey construction likely to be
different from a regular constanfeion in the event of an earthquake?

i 11201
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Question Paper Code : 21265

B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2015.

Seventh Semester

ClV:tl Engineeri mg

CE 2403/ CE 73/ 10111 CE 703 — BASICS OF DYNAMICS AND ASEISMIC
DESIGN

(Regulations 2008/2010)
(Common to PTCE 2403/ 10111 CE 703 — Basics of Dynamics and Aseismic Design"

for B.E. (Part-Time) Fifth/ Seventh Semester Civil Engineering — .
Regulations 2009/2010)

Time : Three hours Maximum : 100 marks
(Use of IS 1893 — 2002 IS 13920 — 1993 (Reaffirmed 1999) and IS 4326 — 1993 is
permitted)
Answer ALL questions.
PART A — (10.x 2 = 20 marks)

1.  What do you understand by deterministic; analysis?
2. What does Duhamal’s integral represent?
3. State the concept of shear building.
4. What is méant bdeecoupling of equations?
5.  What is tectonics? .
6.  What Flo you learnt from the past earthquakes for mz;sonry buﬂdil;g?
7. What are the properties of soil on which its spring constant depends?
8. Write the expression for global ductility.

9. Write the expression for design horizontal seismic coefficient for a structure.

10. Define: Viscous damping.
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PART B — (5 x 16 = 80 marks)

A block of weight 900 N (moving between vertical guides) is supported by
a spring of stiffness 106 N/m. The block is given an initial displacement of
50 mm with a velocity of 300 mm/sec, determine the period of vibration,
natural frequency, amplitude of motion, maximum velocity and
maximum acceleration “of the block. Assuming a damping of 20%

- determine the logarithmic decrement and the damping coefficient of the

system. (16)

Or

(® A machine of 200 kg mass is supported on four parallel springs of
total stiffness 750 N/m has a unbalanced rotating component which
result in a disturbing force of 350 N at a frequency of 2121 rpm. If
damping ratio is 0.2, determine: :

(1) ~Amplitude of motion due to the unbalance,
(2) Transmissibility,
(8) Transmitted force. Bx4 =12)

(il) Write short notes on Coulomb damping. I 4)
Obtain the natural frequencies and the mode shapes for a single bay two

storey shear frame with combined stiffness of ground and first floor
columns as k=2000 kN/m and 1000 kN/m respectively. Mass of each floor

is 2000 kg. (16)
Or

Derive an expression for the free vibration of a damped two degree of

freedom system. (16)

@) Neatly tabulate and elaborate the details. of MSK . intensity

scale. aaz)
(ii). Classify earthquakes based on focal dépth and magnitude. 4)
Or ~
(i) Write short notes on the lesson learnt from recently occurred
earthquake.
(il)) Write short notes on the following,
(1) Elastic rebound theory “@
(2) Body waves and surface waves. (4)
How will you construct response spectrum diagram. Explain the types of
response spectrum with neat sketches. 1e6)
B Or
Briefly discuss with neat sketches about the plan irregularities and
vertical irregularities normally occurred in buildings. 1e)
Write short notes on
@) Capacity design, (8)
(i) Techniques of aseismic design. [€)
Or
Write short notes on :
@) Base isolation system. ®) ,
(ii) - Passive energy dissipation system. ©6)
(iii) Active control system. 4
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Question Paper Code : 71593

B.E./B.Tech. DEGREE EXAMINATION, APRIL/MAY 2017.

Seventh Semester

Civil Engineering
CE 6701 — STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING
‘ (Regulations 2013)

Time : Three hours Maximum : 100 marks

Answer ALL questions.
PART A — (10 x 2 = 20 marks)

Describe D-Alembert's principle.

Classify the types of vibration.

What is fundamental frequency and fundamental mode?
Define Eigen vectors.

Define focus and epicenter.

Explain modified Mercalli intensity scale.

Explain the term Response reduction factor.

" Write note on Bouchinger effect.

S R

Write a short note on curvature ductility.

Write the formula for modal mass.

PART B — (5 x 16 = 80 marks)

11. (@) A vibrating system Consists of a mass of 5 kg, spring of stiffness 120 N/m
and a damper with a damping co-efficient of 5 N-s/m. Calculate Damping
factor, Natural frequency of the system, Logarithmic decrement, the ratio
of two successive amplitude the number of cycles after which the initial
amplitude reduces to 25%. (16)

Or

E: :Emin-e whether tl“le loghdgcrement is also given by & =1/nlog(U,/U,)
represents the amplitude after n cycles have elapsed, (16)

3
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[image: image91.jpg]2 12. (@ Analyze the natural frequeney and mode of the system (16)

Or
() Solve the natural frequency and mode of vibration of the system. (16)
» Ll
A -
*
a
A % 2m !
f
()  Explain the seismic waves with neat sketch. (10)
(i)  Discuss about the elastic rebound theory. (6)
Or

about the characteristics of strong ground motion with neat
(16)

¢ step by step procedure for seismic analysis of RC buﬂdings(xla:;;
002

Or
s learnt from the past earthquakes in India and

(16)

ake design philosophy for masonry and RCC
3 (16)

()]

 as per IS 13920 - 1993. (10)
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11. (@) A damped free vibration test is conducted to determine the dynamg,

properties of a one storey building. The mass of the building is 1000 N

Initial displacement of the building i 7.02 o Maximum displacemg,,
on the first cycle is 5.3 mm and period of this displacement cycle is 17 ¢

Determine

@ Undamped frequency,
(i) Logarithmic decrement, damping ratio, damping coefficient,
(i) Damped frequency and the amplitude after 6 cycles. (16)
‘ Or
) Derive the équation of motion of SDOF system for free vibration and find
~ the solution for g ;
@)  Under system .
Ove Mped system v
&amped system. (16)

- natural frequencies and mode shapes of the building
£ (16)




Minimum Compressive strength, expressed as force per unit of net cross- section area, required of the masonry used in

construction by the co  tract document, and upon the project

Specified
Compressive design is based.

Strength of Masonry

Remark: When v r the quantity fm is under the radical sign, thesquarerootofnumericalvalueonlyisintendedand the

result has un ts of MPa.
A metal fastener which connects wythes of masonry to each
Wall Tie
other or to other materials.
Arrangement of masonry units in successive courses to tie the masonry together both longitudinally and transversely; the arrangement is usually worked out to ensure that no

Bond

vertical joint of one course is exactly over the one in the next course above or below it and there is maximum possible amount of lap.

[image: image94.jpg](i) What are seismic waves? Explain the type of seismic
) waves

neat sketches. with

@) Baplain the details of Magnitude and intensity of scales. ((181))
(i) Explain the details about the Spectral Acceleration. 5
: : Or
. Write notes on :
@) . Plate Tectonic Theory ; %
(@) Ehstm Rebound theory : i,
(iii) Causes of earthquake. ‘ &

: @ E&phm the concept of Peak Acceleration and Design spectrum with
- neat sketches. (®)

Explain in details about Lessons learnt from past earthquakes. (8)

R LA i Or

methods of introducing ducti]it).' into the RC
(16)

larthquake resistant design for Masonry
®)
arious Guidelines for Earthquake resistant

- (®)

ilding as shown in figure is situated at
the floors is 3.5 m and total height of a
d and normal live load is lumped at
ow the foundation is assumed to be hard
ed to be used as a hospital. Determine the
teral force as per 1S 1893. i (16)
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An isolated vertical load bearing member, width of which

Column

does not exceed four times the thickness.

It is an isolated vertical member whose horizontal dimension

Pier
measured at right angles to its thickness is not less than 4 times its thickness and whose height is less than 5 times its
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length.


A pilaster of masonry built as an integral part of wall and projecting from either or both surfaces, decreasing in cross-sectional area from base to top

Buttress


Anon-loadbearingwallsubjectlolateralloads.Itmay be laterally supported by vertical or horizontal structural members, where necessary.

Curtain Wall


The
height
of
a
wall
or
column
to
be
considered
for

Effective height

calculating slenderness ratio

	Effective
	The  length  of  a  wall  to  be  considered  for  calculating
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	Length
	slenderness ratio.
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	Effective
	The  thickness of a  wall  or
	column to  be
	considered
	for

	
	
	
	
	
	
	

	
	
	Thickness
	calculating slenderness ratio.
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	A junction of masonry units
	
	
	

	
	
	
	Remark:
	
	
	

	
	
	
	• Horizontal joints are known as bed joints
	
	

	
	
	
	•Vertical   joints   are k  own
	as   pretends
	and   if
	they

	
	
	
	are perpendicular to the plane of the wall they are known as

	
	
	
	cross joint
	
	
	

	
	
	
	

	
	
	Joint
	•Vertical joints are known as collar joints if they are parallel

	
	
	
	to the plane of the wall
	
	
	

	
	
	
	• Wall joints are the junctions of walls
	
	

	
	
	
	
	
	

	
	
	Leaf
	Inner or outer section of a cavity wall.
	
	

	
	
	
	

	
	
	
	A support which enables a masonry element to resist lateral

	
	
	
	load and/or restrains lateral deflection of a masonry element

	
	
	
	at the point of support.
	
	
	

	
	
	Lateral Support
	Remark:  Lateral  support  is  a  primary  requirement  in

	
	
	
	

	
	
	
	structural  design  of  masonry.  A  lateral  support  may  be

	
	
	
	provided  along  either  a  horizontal  or  a  vertical  line,

	
	
	
	depending on whether the slenderness ratio is based on a
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vertical or horizontal dimension. Horizontal or vertical lateral supports should be capable of transmitting design lateral forces to the elements of construction that provide lateral stability to the structure as a whole.


	
	
	
	
	
	

	
	
	Load
	Bearing
	A wall designed to carry an imposed vertical load in addition to its

	
	
	Wall
	
	
	own weight, together w th any lateral load.

	
	
	
	
	
	

	
	
	Masonry Unit
	
	Individual u  its which are bonded together with the help of mortar to

	
	
	
	
	form a masonry element, such as wall, column, pier and buttress.

	
	
	
	
	
	

	
	
	
	
	

	
	
	Partition Wall
	
	An inte ior non-load bearing wall, one Storey or part storey in height.

	
	
	
	
	
	

	
	
	
	
	
	construction,  wholly

	
	Anxteriornon-loadbearingwallinframed

	
	
	Panel Wall
	
	supported at each storey but subjected to lateral loads in out-plane

	
	
	
	
	
	direction such as wind loads, earthquake loads etc.

	
	
	
	
	
	

	
	
	
	
	
	A wall designed to carry horizontal forces acting in its plane with or

	
	
	Shear
	Wall
	and without vertical imposed loads. The walls normal to shear walls are

	
	
	Cross
	all
	
	known as cross walls.
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	Shear walls and cross walls
	

	
	
	
	
	

	
	
	
	
	

	
	
	SlendernessRatio
	Ratio of effective height or effective length to effective thickness
	

	
	
	(SR)
	of a masonry element
	

	
	
	
	
	

	
	
	
	A wall comprising two leaves, each leaf being built of masonry units
	

	
	
	
	and  separated by a  cavity and  tied  together with  metal ties or
	

	
	
	Cavity Wall
	bonding units to ensure that the two leaves act as one structural
	

	
	
	
	unit, the space between the leaves being either left as continuous
	

	
	
	
	
	

	
	
	
	cavity or filled with a non-load bearing insulating and waterproofing
	

	
	
	
	material.
	

	
	
	
	
	

	
	
	
	A wall in which facing and backing of two different materials are
	

	
	
	Faced Wall
	bonded together to ensure common action under load backing shall
	

	
	
	beprovidedbvtoothing,bondingorothermeans.
	

	
	
	Veneered Wall
	A wall in which the facing is attached to the backing but not so
	

	
	
	
	bonded as to result in a common action under load.
	

	
	
	
	
	

	
	
	
	
	

	
	
	Ks
	Stress reduction factor
	

	
	
	
	
	

	
	
	Ka
	Area reduction factor
	

	
	
	
	
	

	
	
	KP
	Shape modification factor
	

	
	
	
	
	

	
	
	Pilaster
	A  thickened  section  forming  integral  part  of  a  wall  placed  at
	

	
	
	
	
	

	
	
	
	intervals
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along the wall, to increase the stiffness of the wall or to carry a vertical concentrated load. Thickness of a pilaster is the overall thickness including the thickness of the wall or when bonded into a leaf of a cavity wall, the thickness obtained by treating that leaf as an

independent wall.


Sideofanopeninginwall

Jamb

Non-Load Bearing A wall that is not resisting or supporting any loads such that it can be removed with the approval of a structural engineer without jeopardizing


Wall

integrity of the remaining structure

	Partition Wall
	An interior non-load bearing wall, one storev or part storey in height.

	
	

	Veneered Wall
	A wall in which the facing is attached to the backing but not so bonded as to
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result in a common action under load.

A metal fastener which connects wythes of masonry to each other or to

Wall Tie

other materials.

5. BRIEFLY EXPLAIN ABOUT THE DESIGN AND DEATAILING OF RINFORCEMENT IN REINFORCED CEMENT CONCRETE BUILDING TO RESIST EARTHQUAKE LOADS?

General Specifications

The design and construction of reinforced concrete buildings should be governed by the provision of IS 456: 2000, except as modified by the provisions of IS 13920: 1993.

Concrete:

For all buildings which are more than 3 storeys in height, the minimum grade of concrete shall be M20 (fck= 20 MPa).For all buildi gs more than 4 storeys or more than 15m in height and situated in Zones IV and V, the minimum grade of concrete should be M25 (fck= 25 MPa).
Most of the codes worldwide specify higher grade of concrete for seismic regions than that for non-seismic constructions.

Higher grade of concrete facilitates ductile behaviour and the concrete strength below

M20 may not have the requisite strength in bond or shear.

Steel:

Steel reinforcements of grade Fe 415 or less shall be used.

High strength deformed steel bars, produced by the thermo-mechanical treatment process, of grades Fe 500 and Fe 550, having elongation more than 14.5 percent and conforming to other requirements of IS 1786 : 1985 may also be used for the reinforcement.Based on a
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tensile test of steel, [image: image1.jpg](Oy.actual — Oy.specified) * 120MPa.



if the difference is more, shear or bond failure may precede the flexural hinge formation.

In order to develop inelastic rotation capacity, a structural member needs an adequate length of yield region along the axis of the member.

Thus, [image: image2.jpg](O actust /Oy actuar) = 1.25.



.

Strong steel is not preferable to low strength steel in earthquake prone region

· A typical stress strain curve of low steel shows the following advantages:
· A long yield plateau
· A greater breaking strain
· less strength gain after first yield
Cover:

To develop the required bond strength and to protect the reinforcement against corrosion, cover to reinforcement is provided.Mi imum cover for reinforcement should comply with Tables 16 and 16A of IS 456 : 2000.
Flexural Members
Beams sustain two basic types of failures namely flexure and shear as shown in Figure.

Flexural (or Bending) Failure:

As the beam sags under increased loading, it can fail in two possible ways. If relatively more steel is present on the tension face, concrete crushes in compression; this is a brittle failure and is therefore undesirable.

If relatively less steel is present on the tension face, the steel yields first and redistribution occurs in the beam until eventually the concrete crushes in compression; this is a ductile failure and hence is desirable. Thus, more steel on tension face is not desirable.

The ductile failure is characterized with many vertical cracks starting from the stretched beam face, and going towards its mid-depth.

116
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(b) Shear Failure:

A beam may also fail due to shearing action.A shear crack is inclined at 45°to the horizontal; it develops at mid-depth near the support and grows towards the top and bottom faces.

Closed loop stirrups are provided to avoid such shearing action.Shear damage occurs when the area of these stirrups is insufficient.


Fig:Twotypesofdamageinabeam:flexureandshear
Shear failure is brittle and the efore shear failure must be avoided in the design of RC beams. These requirem nts apply to frame members resisting earthquake induced forces and designed to resist flexure.

Axial Stress

Factored axial stress under earthquake loading ≤ 0.1 fck.Axial force in a flexural member is relatively very less.If exceeds, design the member for bending and axial load

Dimensions

Preferably b/D ratio > 0.3

b ≥ 200 mm
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To avoid difficulties in confining concrete through stirrups in narrow beams

Depth, D ≤ ¼ of clear span

To avoid deep beam behaviour under cyclic inelastic deformations

Longitudinal Reinforcement

To ensure adequate ductility, the amount of longitudinal reinforcement must be limited in relation to dimensions of the beam .The quality of concrete .Yield stress of reinforcement

Under earthquake loading, the critical sections for the longitudinal reinforcement in frames occur at the face of the beam-column and girder-column co nection and at the beam-girder connection immediately adjacent to the columns.

Since the distribution of bending moment along the b ams/girders framing into columns maybequitedifferentinsevereearthquakefromthatundergravityloads,thecut-offpoints

of the bars require special consideration.

It is desirable that only straight bars are used, however bent bars may be used in beams that do not frame into columns.
The minimum bar diameter permissible is 12 mm. There must be at least two bars both the top and bottom face (Figure).
The positive steel at a joint face must be at least equal to half of the negative steel at that face (Figure).

Compression reinforcement increases ductility and hence this provision ensures adequate ductility at potential yielding regions

The seismic moments are reversible and design seismic loads may be exceeded by a considerable margin during strong shaking resulting in development of substantial sagging moments at beam ends.Maximum steel ratio on any face at any section shall not exceed ρmax = 0.025
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To avoid congestion of reinforcement which may cause insufficient compaction or poor bond between concrete and reinforcement ,tension steel ratio on any face at any section, shall not be less than ρmin = 0.24 √fck/fy


Fig: Location and amount of longitudinal steel bars in beams

To provide necessary ductility or to avoid brittle failure upon cracking ,steel is provided at

eachoftopandbottomfaceofmemberatanysctionalongitslength≥1/4ofmaximum negative steel provided at the face of either jo t

To ensure some positive and negative moment capacity throughout the beam in order to allow unexpected deformations and mome t distribution from severe earthquake action in an external joint, Anchorage length = Ld + 10 dia - allowance for 90 degree bends for both the top and bottom bars (Figure )
Such an arrangement will m ke a ductile junction and provide adequate anchorage of beam reinforcement into columns

In an internal joint, for both faces of beam, bars shall be taken continuously through the column (Figure)

Splicing of longitudinal bars (Figure).Hoops to be provided over the entire splice length, at a spacing not exceeding 150 mm.Lap length shall not be less than the bar development in tension

Lap splices shall not be provided within a joint and within a distance of 2d from joint face
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It shall not be provided within a quarter length of the member where flexural yielding may generally occur under the effect of earthquake forces. Not more than 50 percent of the bars shall be spliced at one section.

Web Reinforcement

To ensure that beam capacity will be governed by flexure and not by shear web reinforcement, carry the vertical shear force and prevent the diagonal shear cracks. Protect the concrete from bulging outwards due to flexure prevent buckl ng of compression bars



Fig: Anchorage of beam bars in an external joint
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Fig: Anchorage of beam bars in an external joint


Fig:plicingoflongitudinalbars
Web reinforcement shall consists of vertical hoops and the details of requirements are shown in figures

Fig: Web reinforcement details in a seismic beam

In compelling circumstances, web reinforcement may also be made of TWO pieces of reinforcement (Figure )
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A U – stirrup with a 1350 hook and a 10 dia extension (min of 75 mm), and a cross tie with hooks at ends similar to U – stirrup


Fig: Beam web reinforcement

Minimum bar diameter 6 mm for Spans ≤ 5 m and 8 mm for Spans > 5 m

First stirrup not less than 50 mm of column face.Minimum spacing is 100 mm



Fig: Location and amount of v rtical stirrups in beams

6. DESCRIBE THE CONCEPT OF LATERAL LOAD ANALYSIS.

Lateral Load Analysis of R.C.C. Building

· The structure in high seismic areas may be susceptible to the severe damage. Along with gravity load structure has to withstand to lateral load which can develop high stresses.
· Now a day, shear wall in R.C.structure and steel bracings in steel structure are most popular system to resist lateral load due to earthquake, wind, blast etc. The shear wall is one of the best lateral load resisting systems which is widely used in construction.
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· R.C.C. building is modeled and analyzed in three Parts
· I) Model without bracing and shear wall
· II) Model with different shear wall system
· III) Model with Different bracing system.
· The computer aided analysis is done by using E-TABS to find out the effective lateral load system during earthquake in high seismic areas.
· The performance of the building is evaluated in terms of Lateral Displacement, Storey Shear and Storey Drifts, Base shear and Demand Capacity (Performance point).
· It is found that the X type of steel bracing system si nificantly contributes to the structural stiffness and reduces the maximum nter story drift, lateral displacement and demand capacity (Performance Point) of R.C.C building than the shear wall system.
Reinforcedconcrete(R)buildingsoftenhaveverticalplate-likeRCwallscalled hear Walls in addition to slabs, beams and columns.

These walls generally start at fou dation level and are continuous throughout the building height.

Their thickness can be as low as 200mm, or as high as 400mm in high rise buildings. Shear walls a e usually provided along both length and width of buildings, Shear walls are like vertically-oriented wide beams that carry earthquake loads downwards to the foundation.


Properly designed and detailed buildings with shear walls have shown very good performance in past earthquakes.


Shear walls in high seismic regions require special detailing.


Most RC buildings with shear walls also have columns; these columns primarily carry gravity loads (i.e., those due to self-weight and contents of building).


Shear walls provide large strength and stiffness to buildings in the direction of their orientation, which significantly reduces lateral sway of the building and thereby reduces damage to structure and its contents.
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· Steel bracing is a highly efficient and economical method of resisting horizontal forces in a frame structure.
· Bracing has been used to stabilize laterally for the majority of the world‗s tallest building structures as well as one of the major retrofit measures.
· Bracing is efficient because the diagonals work in axial stress and therefore call for minimum member sizes in providing stiffness and strength against horizontal shear.
· Through the addition of the bracing system, load could be transferred out of the
frame and into the braces, bypassing the weak columns wh le
creasing strength.

· Steel braced frames are efficient structural systems for buildings subjected to seismic or wind lateral loadings.
· The E-TABS software is used to develop 3D model a  d to carry out the analysis.
· The lateral loads to be applied on the buildings a e based on the Indian standards.
· It is performed for seismic zone III as p r IS 456 (Dead load, Live Load) IS 1893:2002(Earthquakeload),IS875:1987(WindLoad).
· The building consists of reinforced concrete and brick masonry elements.
· G+12 storied building analyzed for seismic and gravity forces.
· G+12 storied building a  alyzed with different types Shear wall system.
· G+12 storied building analyzed with different types of bracing systems.
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G+12bareframemodel,shearwallmodelandSteelbracingmodelisanalyzedusing standard software.
1) The concept of using steel bracing is one of the advantageous concepts which can be used to strengthen structure
2) Steel bracings r duce flexure and shear demands on beams and columns and transfer the lateral load through axial load mechanism.

3) The lateral displacement of the building is reduced by 40 to 60 % by the use of shear wall Type-III and X Type steel bracing system.

4) Storey drift of the Shear wall and steel braced model is within the limit as clause no

7.11.1 of IS-1893 (Part-1):2002.

5) Steel bracings can be used as an alternative to the other strengthening techniques available as the total weight of structure changes significantly.

6) Shear wall has more storey shear as compare to steel bracing but there is 10 to15% difference in lateral displacement between shear wall and steel bracing.
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7) Shear wall and steel bracing increases the level of safety since the demand curve intersect near the elastic domain.

8) Capacity of the steel braced structure is more as compare to the shear wall structure.

9) Steel bracing has more margin of safety against collapse as compare with shear wall.
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INDUSTRIAL/ PRACTICAL CONNECTIVITY OF THE SUBJECT

· The response of structures subjected to a variety of dynamic loads such as wind and seismic loads is investigated both experimentally and numerically.
· The response of Reinforced Concrete and Steel Structures loaded beyond their elastic limit as expected under severe seismic loads are also studied.
· New high-performance protective systems such as visco-elastic, hysteretic and viscous dampers as well as base isolation systems that offer enhanced protection to structures subjected to dynamic loads are also being studied.
· Design concepts for industrial structures and non-structural components have been developed at the LBB taking into account structural and functional interactions and considering the specific damage potential of industrial facilities.
· The subjects can be made easy to students by visiting earthquake resistancebuildingmodelinanindustrylikeSERC.Sothatdamagescan
be mitigated in providing earthquake resistant buildings.
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