SDEE
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.
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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.

[image: image6.jpg]1.0 15 20
Time Period (sec)





65

SDEE
SDEE
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.
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two, do not perform well during earthquakes.





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.
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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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