CHAPTER - 1

Introduction to Earthquakes    

1.1
Earthquakes occur due to slippage of rocks in the earth's crust or in the upper part of the mantle, Consequent to these sudden movements strong vibrations occur on the ground in a short span of time. The tremendous amount of energy suddenly releasing during an earthquake which accumulates slowly due to geological process.
1.2
According to the elastic rebound theory, energy is stored in the rocks up to the elastic limit may be for hundreds or thousands of years. Eventually the rocks snap or rupture at the weakest point, relieving the enormous strains built up over the years. This stored up energy is released in the form of seismic waves, which radiate outward from the point where the rocks are fractured.

1.3 
Earthquakes are identified by their location (Longitude and Latitude), depth of the focus and the energy released/size of the earthquakes. The most common measures of the size of the earthquakes are magnitude and intensity.

· Definitions 


Focus Point


Origin point of the earthquake lying below the earth's surface is known as Focus Point of the earthquake, where slip starts. 


Epicentre


The point just vertically above the focus on the earth surface is known as the Epicentre.


P-Waves


These waves are Primary waves which are fastest among all the waves and generally travel with a speed between 6 to 14 km per second inside the earth. The speed of the waves remains unaffected when passing through solid sections of the earth but slow down when passing through liquid portions. These are longitudinal waves and create a "Push-pull" effect on rock mass like sound waves.


S-Waves


These waves are Secondary or Shear waves and also travel inside the earth at speeds of 0.58 times that of P wave (generally 3 to 8 km per second). These waves travel easily through solid sections but loose their identity when passing through liquid portions. These waves are transverse waves and cause earth to move at right angles to the direction of the wave. These wave are of most destructive nature.


L (Surface) Waves

These waves are love waves and always travel near the surface of the earth and travel at a speed of 0.9 times that of S wave (3 to 5 km per second). These waves in association with s-wave also cause maximum damage.


Magnitude


Magnitude is a measure of the amount of energy released in an earthquake. It is most commonly determined on Richter scale devised by an American seismologist in 1935. In this method, the magnitude is determined from the maximum amplitude (of S wave) recorded on a particular type of seismograph.


After applying a distance factor the value is extrapolated at the epicentre. It is a fixed number and given on a logarithmic scale. An increase of one unit represents an increase in amplitude of ground shaking by ten times and energy released thirty times. Richter scale is open-ended, however maximum magnitude is obtained around 9.


Intensity


The intensity is the effect of earthquake on the ground and the objects in the affected area. It is assigned on the basis of damage that depends upon the magnitude, depth of focus, distance from the epicentre and the ground condition. It varies from place to place. It is given on grade I to XII on Modified Mercalli (MM) or Medvedev - Sponheaer - Karnik (MSK) scale.


Energy

The energy released from an earthquake is calculated by the formula:



Log10 E = 11.4 + 1.5 M



Where, E = Energy in ergs 



M = Magnitude of earthquake on Richter Scale

1.4
On an average the world experience 19 shocks of magnitude 7 and above annually. The energy released by an earthquake is enormous. The energy release in a magnitude 6 earthquake is equivalent to that of an atom bomb.

1.5
Earthquake are qualitatively classified by the destruction they cause. Generally earthquakes of magnitude greater than 5 only cause damages while the magnitude of major earthquake is 7 or more. A qualitative classification of earthquakes can be seen in the table below:

	Magnitude (M)
	Classification
	Annual frequency of occurrence 

	M≥8
	Great Earthquake
	1

	M≥7 and <8
	Major Earthquake
	18

	M≥6 and <7
	Strong Earthquake
	120

	M≥5 and <6
	Moderate Earthquake
	800

	M≥4 and <5
	Light Earthquake
	6200 (estimated)

	M>3 and <4
	Minor Earthquake
	49000 (estimated)

	M<3
	Very Minor Earthquake
	M2-3:~ 1000/day

M1-2:~ 8000/day


1.6
An earthquake of magnitude 5 or more on the Richter scale can cause damages but there are other factors also which contribute to the scale of the damages. They are Hazard, Exposure, Vulnerability and the Location. Hazard here means an earthquake of sufficient magnitude capable of causing damage to the weakest of man-made structures. Exposure means the structures and objects, which are exposed to the earthquakes like buildings, bridges, dams, power plants, life line infrastructure facilities, etc. Vulnerability means weakness of the structures, which are exposed to the Hazard, the weaker constructions being more vulnerable and risky than the stronger ones. Location means, the distance of the objects in relation to the epicentre of the earthquake. Nearer ones are in greater danger than farther ones.

1.7
The determination of seismic risk level has considerable uncertainty due to non predictability of an earthquake. Therefore, there is a great need to undertake special studies and to understand the phenomena involved. The policy planning regarding earthquakes should be concerned not only with the assessment of the present risk but also the acceptable future risk to the individuals who may be the more victims.
EARTHQUAKE PREDICTION

1.8
Earthquakes are not predictable. The public expects the seismologists to predict an earthquake as accurately as possible but the scientific feasibility and achievements are not coin coding these expectations. The limitation faced by the seismologists exists in the very nature of the hazard. The stresses, which are stored over large age of earth, are released within a very short span of time and also the location of such an event is difficult to be point out in advance. World over, seismologists have not been successful in giving advance warning to prevent loss of human lives. Therefore, there is a need to educate the public about the causative factors of earthquake and their effects.

1.9 In the absence of a reliable system of early warning it is better to carryout risk assessment of the likely affected areas in the future earthquakes. Awareness building in the public about the hazard will certainly go a long way in reducing the human causalities. For  example in the Loma Prieta earthquake of magnitude 7.1 in the USA in 1989, property loss was in Billions of dollars whereas the loss of lives was only 63. Low casualties were because of earthquake resistant design of buildings. In contrast, the 1993 Latur earthquake of only 6.3 magnitudes caused 10,000 deaths due to poorly constructed non earthquake resistant houses. Another example is of the Kobe (Japan) earthquake in 1995 of 7.2 magnitude in which an estimated 5000 people died. The reasons for the large number of deaths in Latur (India) and Kobe (Japan) were the density of population in the affected area, the type of the structures and the timing of the event. The Kobe earthquake occurred at 5.46 a.m. and the Latur earthquake at about 4.00 a.m. To avoid loss of life and injuries it is advisable to have quake resistant structures. This would involve development of anti-seismic codes of design and construction of housing and other structures. 

1.10
General indicators that may be available to the public could be mild tremors; drop or rapid rise in the water levels in bore wells and abnormal behaviour of animals and reptiles. However the point to take note of is that the interval between such indications and the earthquake need not be very short. High level of awareness in the public will be of great help in reducing the number of people getting trapped in collapsed houses.
1.11
Earthquake Hazard-

From the earthquake hazard map given in manual, it is seen that the earthquake hazard in the State is moderate. Only 3.4 percent of the area of the State close to Kachch in Barmer and Jalore districts and in Alwar and Bharatpur districts is liable to MSK intensity VIII, and about 19 percent could have intensity VII. Earthquake of Magnitude 5 to 7 have occurred within the State and close to its boundary. Such earthquake could cause moderate to heavy damage in their epicentre areas. Since Jaipur is capital of the State and having its 0.3 percent area under MSK-VIII and 12.4 percent area under MSK-VII is also of a great importance for all kind of safety for earthquake mitigation and earthquake resistant structure. Since in the vulnerability Atlas of India Dausa is shown with Jaipur District thereby all due care should also be taken for Dausa District. 

CHAPTER – 2

INTENSITY SCALES

In the previous chapter a reference has been made to the intensity scales of an earthquake. The two most commonly used intensity scales are Modified Mercalli (MM) scale and Medvedev- Sponheaer-Karnik (MSK)Scale. 

Modified Mercalli Scale

2.2
The Mercalli scale modified by American scientists describes the effects of the earthquake as given in the table below:
	Class of Earth quakes
	Description

	I
	Not felt except by very few under especially favourable circumstances.

	II
	Felt only by few person at rest, especially on upper floors of buildings and delicately suspended objects may swing.

	III
	Felt quite noticeably indoors, especially on upper floors of buildings but many people do not recognize it as an earthquake; standing motorcars may rock slightly. Vibration may be felt like passing of a truck.

	IV
	During the day felt indoors by many, outdoors by a few; at night some are awakened; dishes, windows, doors disturbed; walls make cracking sound; sensation like heavy truck striking the building; and standing motor cars rocked visibly.

	V
	Felt by nearly everyone; many awakened; some dishes, windows etc. broken; a few instances of cracked plaster; unstable objects overturned; disturbance of trees, poles, and other tall objects noticed and pendulum clocks may stop.

	VI
	Felt by all; many frightened and run outdoors; some heavy furniture moved; a few instances of fallen plaster or damaged chimneys and damage slight.

	VII
	Everybody runs outdoors; damage negligible in buildings of good design and construction; slight to moderate in well built ordinary construction; considerable in poorly built or badly designed structures; some chimney broken; noticed by persons driving motor cars.

	VIII
	Damage slight in specially designed structures; considerable in ordinary but substantial buildings with partial collapse; very heavy in poorly built structures panel walls thrown out of framed structure; heavy furniture overturned sand and mud ejected in small amounts; changes in well water and person driving motor cars disturbed.

	IX
	Damage considerable in specially designed; well designed framed structures thrown out of plinth; very heavy in substantial buildings with partial collapse; buildings shifted off foundations; ground cracked conspicuously and underground pipes broken.

	X
	Some well built wooden structures destroyed; most masonry and framed structures with foundations destroyed; ground badly cracked. Rails bent. Landslides. Shifted sand and mud; water splashed over banks.

	XI
	Few, if any masonry structures remain standing; bridges destroyed; broad fissures in ground; underground pipelines completely out of service, Earth slump; land slips in soft ground and rails bent greatly.

	XII
	Total damage; waves seen on ground surface; objects thrown upward into the air.


MSK Scale

2.3
There is also another scale called Medvedev- Sponheaer-Karnik Scale (1964) also known as MSK Scale. The description of this scale opens with definitions of terminology and then proceeds to define the scale steps as follows:

Types of Structure

	Structure A
	:
	Buildings in field stone, rural structures, unburnt-brick houses, clay houses.

	Structure B
	:
	Ordinary brick buildings, building of large block and prefabricated type, half timbered structures, buildings in natural hewn stone.

	Structure C
	:
	Reinforced buildings, well-built wooden structures.


Definition of Quantity
	Single, few
	-
	about 5%

	Many
	-
	about 50%

	Most
	-
	about 75%


Classification of Damage to Building
	Grade 1
	Slight damage - Fine cracks in plaster; fall of small pieces of plaster.

	Grade 2
	Moderate damage - Small cracks in plaster; fall of fairly large pieces of plaster; pan tiles slip off, cracks in chimneys; parts of chimneys fall down.

	Grade 3
	Heavy damage - Large and deep cracks in plaster; fall of chimneys

	Grade 4
	Destruction - Gaps in walls, parts of buildings may collapse; separate parts of the building lose their cohesion; inner walls and filled - in walls of the frame collapse.

	Grade 5
	Total Damage - Total collapse of the buildings.


Intensity Scale

I. Not noticeable :

The intensity of the observation is below the limit of sensibility; the tremor is detected and recorded by seismographs only.

II. Scarcely noticeable (Very Slight):

Vibration is felt only by individual people at rest in houses, especially on upper floors of buildings. 

III. Weak, partially observed only:

The earthquake is felt indoors by a few people, outdoors in favourable circumstances. The vibrations is felt like that due to side passing of a light truck. Attentive observers notice a slight swinging of hanging objects, somewhat more heavily on higher stories.


IV.
Largely observed

The earthquake is felt indoors by many people out door by few. Here and there people awake, but no one is frightened. The vibration is like that due to the passing of a heavily loaded truck. Windows, doors and dishes rattle. Floors and walls crack. Furniture begins to shake. Hanging objects swing slightly. Liquids in open vessels are slightly shaking. In standing motorcars the shock is noticeable.


V.
Awakening

(a)
The earthquake is felt indoors by all, outdoors by many. Many sleeping people awake. A few run outdoors. Animals become uneasy. Buildings tremble throughout. Hanging objects swing considerably. Pictures knock against walls or swing out of place. Occasionally pendulum clocks stop. A few unstable objects may overturn or shift. Open doors and windows are thrust open and slam back again. Liquids spill in small amounts from well-filled open containers. The sensation of vibration is like that of a heavy object falling inside the building.

(b) Slight damage of Grade-I in buildings of Type-A is possible.

(c) Some times changes in flow of springs.

VI.
Frightening 

(a)
Felt by most people indoors and outdoors. Many people frightened and run outdoors. A few persons loose their balance. Domestic animals run out of the their stalls. In a few instances dishes and glassware may break, books fall down. Heavy furniture may move and small steeple bells may ring.

(b)
Damage of Grade I is sustained in single buildings of Type B and many of Type A. Damage in a few buildings of Type A is of Grade 2.

(c)
In a few cases cracks up to width of 1 cm possible in wet ground; in mountains occasional land slides; change in flow of springs and in level of well water is observed.

VII
Damage to building

(a)
Most people are frightened and run outdoors. Many find it difficult to stand. Persons driving motor cars notice the vibration. Large bells ring.

(b)
In many buildings of Type C damage of Grade I is caused; in many buildings of Type B damage is of Grade 2. Many buildings of Type A suffer damage of Grade 3, few of Grade 4. In single instances, landslides of roadway on steep slopes; Cracks in roads; seams of pipelines damaged; cracks in stone walls.

(c)
Waves are formed on water, and water is made turbid by mud stirred up. Water level in wells may change, and the flow of springs changes. In a few cases dry springs have their flow restored and existing springs stop flowing. In isolated instances parts of sandy or gravel banks slip off.

VIII
Destruction of Building

(a)
Fright and panic, also persons driving motor cars are disturbed. Here and there branches of trees break off. Even heavy furniture moves and partly overturns. Hanging lamps are damaged in part.

(b)
Many buildings of Type C suffer damage of Grade 2, a few of Grade 3. Many buildings of Type B suffer damage of Grade 3. Many buildings of Type A suffer damage of Grade 4 and some of Grade 5. Occasional breakage of pipe seams. Memorials and monuments move and twist. Tombstones overturn. Stone walls collapse.

(c)
Small landslips in hollows and on banked roads on steep slopes: cracks in ground up to width of several centimetres. Water in lakes becomes turbid. New reservoirs come into existence. Dry wells refill and existing wells become dry. In many cases changes in flow and level of water.

IX
General damage of buildings

(a)
General panic: considerable damage to furniture. Animals run to and fro in confusion and cry.

(b)
Many building of Type C suffer damage of Grade 3, a few of Grade 4. Many buildings of Type B show damage of Grade 4, a few of Grade 5. Many buildings of Type A suffer damage of Grade 5. Monuments and columns fall. Considerable damage to water reservoirs; Underground pipe lines partly damages. In individual cases railway lines are bent and roadway damaged.

(c)
On flat land overflow of water sand and mud is often observed. Ground cracks up to widths of 10 cm, on slopes and river banks more than 10 cm. Furthermore, a large number of slight cracks in ground: fall of rocks, many landslides and earth flows; large waves in water. Dry wells renew their flow and existing wells dry up.

X
General destruction of buildings

(a)
Many buildings of Type C suffer damage of Grade 4, a few of Grade 5. Many buildings of Type B show damage of Grade 5. Most of Type A have destruction of Grade 5. Critical damage to dams and dykes, and severe damage to bridges. Railway lines are bent slightly. Underground pipes are broken or bent. Road paving and asphalt shows waves.

(b)
In ground, cracks up to widths of several tens of centimetres, sometimes up to 1 meter. Broad fissures occur parallel to watercourses. Loose ground slides from steep slopes. Considerable landslides are possible from river-banks and steep slopes. In coastal areas displacement of sand and mud, change of water levels in wells: water from canals, lakes, rivers etc. thrown on land, new lakes are formed.

XI
Destruction 

(a)
Severe damage even to the well built buildings, bridges, water dams and railway lines; highways become useless: underground pipes destroyed.

(b)
Ground considerably distorted by broad cracks and fissures as well as by movement in horizontal and vertical directions. Numerous landslips and rock falls. The intensity of earthquake requires to be investigated specially.

XII
Landscape Change

(a)
Practically all structures above and below ground are greatly damaged or destroyed

(b)
The surface of the ground is radically changed. Considerable ground cracks with extensive vertical and horizontal movements are observed. Falling of rocks and slumping of river banks over wide areas; lakes are dammed; waterfalls appear and rivers are deflected. The intensity of earthquake requires to be investigated specially.

Intensity has approximately the following relation to the magnitude.

	Magnitude
	5
	6
	6.5
	7
	7.5
	8
	(Richter Scale)

	Intensity
	VI-VII
	VII-VIII
	VIII-IX
	IX-X
	X-XI
	XI-XII
	(MM Scale)


Or it can be given by the formula.

M = 1+(2/3)Io.

Where, M= Magnitude and 

Io= maximum intensity caused by an earthquake

CHAPTER - 3

EARTHQUAKE HAZARD IN RAJASTHAN & PREPAREDNESS
As per the BMPTC Atlas the State of Rajasthan State falls under earthquake zones II, III and IV. Some area of Districts of Jalore, Sirohi, Barmer and Alwar districts fall in zone IV where as many parts of Bikaner, Jaisalmer, Barmer, Jodhpur, Pali, Sirohi, Dungarpur, Alwar, Banswara, fall in zone III. A table showing zones and likelihood of earthquakes of different intensity and magnitude is shown below.

	S.

No.
	Seismic Zone
	Intensity MSK
	Magnitude
	District

	1
	IV [High Damage Risk Zone]
	VII-VIII
	6.0 - 6.9
	Some area of Barmer [Chohtan Block], Jalore [Sanchore Block] Alwar [Tijara Block] and Bharatpur [Block Nagar, Pahari]

	2
	III [Moderate Damage Risk Zone]
	VI-VII
	5.0 - 5.9
	Parts of Udaipur, Dungarpur, Sirohi, Barmer, Jaisalmer, Bikaner, Jhunjhunu, Parts of Sikar, Jaipur, Dausa, Bharatpur. 

	3
	II [Low damage Risk Zone]
	IV-VI
	4.0 - 4.0
	Ganganagar, Hanumangarh, Churu, Jodhpur, Pali, Rajasamand, Chittorgarh, Jhalawar, Baran, Kota, Bundi, Sawaimadhopur, Karauli, Dholpur, Banswara, some area of Bikaner, Udaipur, Jhunjhunu, Sikar, Jaipur.


The earthquake of Kutch in 2001 was felt in many parts of Rajasthan as well. Its effect was felt more severely in the Western District namely Jalore, Barmer and Jaisalmer. Many buildings in these districts like schools, rest houses and privately owned buildings had developed huge cracks and had been rendered unsafe. Many other buildings developed cracks making them unsafe for further use without proper retrofitting. Many of the public buildings mainly schools are still lying in dilapidated conditions. 

Not many engineers within Government or outside are aware of seismic safe construction practices. Also traditional constructions in these areas have been done mainly by masons who do not have knowledge of seismic resistant construction.

Looking to the situation and the need for earthquake disaster preparedness, the following steps may be required to be initiated:

3.1
Retrofitting

All the public buildings need to be retrofitted if they have suffered damage in the previous earthquakes. Other buildings which are even likely to be affected adversely also need to be retrofitted. The retrofitting techniques have been developed for different types of buildings by technical institutes and all the states, can be adopted and used. Care has to be taken in case of all lifeline buildings particularly hospitals and emergency response centers.
3.2
New construction

In order to ensure that earthquake risk is not accumulated further, all the new constructions in the state have to be earthquake risk compliant. Particular emphasis has to be placed in all areas falling in zone III and IV. The BIS has prescribed different codes for different kinds of constructions falling in different earthquake zones. It has to be ensured that all the building by-laws and other building construction norms follow these codal provisions. This is particularly more important for all urban areas. 

In the rural areas where there are no building by-laws and most of the construction is non-engineered construction, standard guidelines may be made and issued. All the houses made under different Government housing schemes have to be compulsorily compliant with these norms. The Govt. of India has also issued instructions to follow these norms in the case of Indira Awas Yojna houses. 

3.3
Development of material

In order to ensure that all the stakeholders are sensitized and trained for the earthquake safe construction practices, different kinds of manual and other to-do booklets/material can be distributed. These materials can also be useful for the purpose of training and demonstration. 

3.4
Training 

Training has to be organized for both engineers and masons, besides orienting all people related to building construction. Engineers particularly those at Block level under BDOs and those working in PWD Department need to be trained. Similarly masons working in rural areas need practical training for the purpose. 

3.5
Awareness generation

To spread the message of earthquake resistant construction far and wide, awareness generation strategy should be developed and people should be made aware of the danger that they are facing and can be avoided. Preparedness activities should be undertaken at the mass level. 

CHAPTER – 4

ACTION PLAN FOR EARTHQUAKE MANAGEMENT IN RAJASTHAN

GENERAL

Though the State of Rajasthan is in comparatively safer zone as per the seismic map of India, the experience of earthquake in Latur and Osmanabad area of Maharashtra State necessitates having an action plan for Earthquakes in the State.

4.2
An earthquake of magnitude 5 or more is likely to cause deaths and injuries to human beings and damages all kinds of property both private and public. Unfortunately there is very little warning available preceding the earthquake. Therefore planning should cater for a quick response at all levels to reduce the effects of the earthquake to the minimum.

4.3
The Nodal Department for formulating, controlling, monitoring and directing measures for earthquake preparedness and organising rescue, relief and rehabilitation is the Disaster Management & Relief Department. All concerned Departments should extend full cooperation in all matters pertaining to the management of the earthquake disaster whenever it occurs.

4.4
The occurrence of an earthquake would be reported by the Indian Meteorological Department (IMD) to the Commissioner for Disaster Management & Relief by the fastest means. The State Level Disaster Management Group (DMG) formed under the Chairmanship of the Chief Secretary, will be activated immediately on the occurrence of any major earthquake. (Major earthquake being defined as one where there is damage to property and/or loss of life).

4.5 Apart from the members of the DMG, it is essential that following officers who would be required for organizing immediate rescue/relief operations should meet immediately after the occurrence of an earthquake:

1) Chief Secretary to Government 


Chairperson

2) Principal Secretary, DMR



Member

3) Principal Secretary, Home

4) General Manager, Railway

5) Principal Secretary, Finance 

6) Principal Secretary, Energy

7) Principal Secretary, Public Works

8) Principal Secretary, Urban Development

9) Principal Secretary, Medical & Health

10) Secretary, PHED & GWD

11) Secretary to Chief Minister

12) Secretary, Irrigation

13) Secretary, Agriculture

14) Secretary, Animal Husbandry

15) Secretary, Disaster Management & Relief 
Member Secretary

16) Director General of Police





17) Director General, Civil Defence

18) Director HCM RIPA

19) Incharge, Centre for Disaster Management

20) General Manager, BSNL

21) Any other member nominated by the Chairperson.

4.6
The DMG would take immediate stock of situation and organize rescue & relief operations. A sub-committee of Secretaries headed by the Chief Secretary would monitor the situation on hourly basis to issue necessary instructions/directions to deal with the situation.

4.7
A sub-committee under the chairmanship of the Commissioner for Relief would organize rescue, relief and rehabilitation operations in the State. A senior officer from each of the Department of Medical & Health, Finance & Planning, Forest, Panchayati Raj, Transport, Roads & Buildings, Information & Public Relations, Police, Communications, Irrigation & Power, Municipal Administration and Home Departments and any other Department connected with the relief operations are required to maintain continuous liaison with the Relief Commissioner. These officers should issue suitable instructions to their field officers in all phases of the management of the calamity.

Control Room

4.8
A control room will operate in the Disaster Management & Relief Department. It shall be manned by one Section Officer and will have one Radio set with the operator round the clock through out the year. Ham radio set with the Disaster Management & Relief Department should also be located in the control room. Telephones for local communications as well as STD for getting information from the districts should be in working order always. Telephone and Fax numbers of the control room should be given to all the district officers and Departments involved in the disaster management and the agencies including the Non Governmental Organisations (NGOs) who are likely to play an active role in the relief operations. Link to the Hazard Mitigation Information System (HMIS) should be established. Maps of Rajasthan and areas vulnerable to earthquake should be displayed. Information about population, houses, assets etc. should be available and updated once in six months. Lists of Officers/Departments/Agencies with addresses and telephone numbers (office and residence) should be readily accessible. The following actions should be taken by the control room staff on receipt of the first information about the tremors detected and passed on to the control room.


Under instructions from the Chief Secretary one Senior Officer will be present at all times when earthquake takes place in any part of the State.

4.9
Actions by the Control Room

· Inform to the Disaster Management & Relief Commissioner about the information received and if required:

· Inform the members of the DMG about the time and place of the first meeting.

· Record the message received and to warn the officers/Departments (as per above table) to be ready at short notice for implementing the relief operations as per their sectoral plans and await further orders from the control room.

· Keep in touch with the District Administration and update the information.

· Brief the Disaster Management & Relief Commissioner, on his arrival at the control room.
· To issue instructions to the line departments to commence assessment of damages immediately without waiting for the response from the concerned district collectors.

· Obtain updated data regarding earthquake related information by establishing a link at the District/Block Level Computer network of Disaster Management Group (DMG).
4.10
Disaster Management & Relief Commissioner would be responsible for organizing, equipping and functioning of the control room. Situation board should be maintained for recording the important information about the area affected viz. the human losses, injuries, property/infrastructure damages and the condition of the roads and accessibility of the affected areas. If required HAM sets with operators should be dispatched to the affected area immediately from the pool held at Jaipur. Revenue radio sets held with the Districts not vulnerable to earthquakes should be ordered to move to the affected areas. The numbers of sets required and the areas they should be positioned should be as per the affected district requirement worked out before hand.

4.11
The control room will function as the Joint Control Room when the earthquake situation develops into a disaster, Liaison Officers from the Revenue, Police, the Air Force, the Army and the Departments identified in paragraph 4.7 above will be asked to report to the control room. Disaster Management & Relief Commissioner will coordinate all relief operations and will issue orders to the concerned Departments/ Agencies for speedy execution of their plans.

Control Rooms in the Districts

4.12
District Administration will establish control room at the District headquarters for being in communication with the Disaster Management & Relief Commissioner and may open another control room at a central location of the earthquake affected area. Army authorities should be requested to designate an officer to be with the district control room. The following officers will man the control room.

· District Revenue Officer

· Sr. R.A.S. Officer

· Two Tehsildars/ Naib Tehsildars

· Two Senior Assistants

· Two Typists

· Two Attendants

4.13
The control room of the District Administration should start functioning immediately on the occurrence of the disaster. Establishing the control room would be the responsibility of the District Collectors. Telephone, Tele-Communications and wireless links should be planned in advance and activated immediately at the time of disaster. The control room should have maps of all the vulnerable areas and all the data pertaining to these areas for ready reference. All important Tele/Fax numbers of the officers of the DMG and the connected Departments should be readily available. The Collector should open an additional control room in the affected areas as soon as possible and may depute his ADM to be in-charge. The additional control room should be organized on similar lines as the district control room with wireless sets, Ham set and operator, staff personnel, maps etc. Sufficient transport facilities and man power must be earmarked in advance to enable the control room to be established quickly at the new location.

4.14
Block/Tehsil Control Rooms: Control room will be established at each vulnerable Block/Tehsil with adequate communication facilities for communication with the District Headquarters and should be equipped with the maps of the areas identified as vulnerable to earthquakes. Jeeps fitted with public address system will be used to warn the public in the villages. Information about the effects of the earthquake will be passed on the radio sets to the District Control Room. Their reports will then be consolidated by the Collector and sent as a detailed report to the Commissioner for Relief and the Government on as required basis. The control room will be manned by:

· Tehsildar/Naib Tehsildar

· One Junior Assistant

· Two Attenders

4.15
The Local Self Government Department for urban areas and Panchyat Raj Department in rural areas shall enforce the building code in designing the seismic resistant shelters both in private and public sectors in vulnerable blocks.

4.16
Funds for publicity campaign should be made available to the concerned departments for organizing the campaigns once a year. Suitable publicity materials like posters, pamphlets, slides and hoardings have to be designed and displayed in vulnerable Tehsil & Villages with Do's and Don'ts and the design of earthquake resistant houses to be constructed in these areas.

CHAPTER- 5

PREPARATION & MITIGATION MEASURE FOR 

EARTHQUAKE MANAGEMENT

5.1
Planning

It is a well known fact that there will be little fore-warning of an earthquake and this dictates that all the arrangements for tackling the disaster must be planned well in advance and the rescue and relief operations must be launched with speed and should be coordinated well at various levels of the administration. To perform this it is essential to identify the likely affected areas, the requirements of resources, mobility and communications for the rescue teams, and the relief teams well in advance. The system should be test checked for identifying the Grey areas if any and modify them accordingly. Each action involved should be identified and the persons & the nominated Department should be identified to execute the action in all the three stages i.e. 'Before'. 'During' and 'After' the earthquake.


Response to an earthquake situation would be starting at the village, Block / Tehsil level upwards as opposed to the usual response from top to bottom in disasters like cyclones and floods. A likely response suggested for earthquake situation is given at Annexure-1.

After an earthquake a large number of people will be rendered homeless and will require to be assembled at suitable places to administer the immediate basic needs of food, water, clothing and medical care. It is expected that in an earthquake, injuries will exceed the number of deaths. Also, if the earthquake occurs at night the numbers affected in both the categories will be substantially more. Planning must take this into consideration for working out the expected casualties to provide adequate medical cover. There would be high number of surgical cases in an earthquake and therefore establishment of mobile hospitals should be planned.

5.2
Early warning

Since there is no early warning, information regarding the tremors/even a small shock, if any, will have to come from the affected area. For this purpose the IMD preferably should be requested to place seismic instrument at suitable places after they have identified them. If required the State Government should make a formal request to the Agency concerned for the number and type of instrument to be placed. The District Administration concerned should render active support in establishing such stations and their subsequent maintenance.

5.3
Communications


Efficient communications hold the key to success in the earthquake relief operations along with detailed allocation of responsibilities to the various teams that are expected to operate. Communication between the teams is also required. Once the detailed plan is worked out, the requirement of wireless sets can be calculated and provision can be made by pooling the resources from other districts and the Police Department. It is quite likely that communication by telephones may not be possible soon after the earthquake and therefore radio sets within the district should be pre-positioned in the likely areas. This is very important because the people affected are to be attended within the shortest possible time with the support of resources available to the district. Out side help will come but it will take time to reach the affected areas.

Communication arrangements must be ensured to enable the stations to pass the information of the tremors to the district authorities and the parent department. IMD should be able to give the correct assessment to the Relief Commissioner/Control room after their analysis. If direct communication facility is given to IMD it is possible to inform the Districts about the impending danger at the same time as the Relief Commissioner/ Control Room. This would ensure that enough time has been given to the district Administration. Emanating from this arrangement will be the need for the District Administration to have arrangements for dissemination of the warning to the public. For this purpose Sirens, Jeeps fitted with public address system should be positioned with the Tehsils identified as vulnerable. Public must be informed of the likelihood of an earthquake and of the actions they should take immediately and be advised to keep their transistor radio tuned for further information instruction from the All India Radio.

5.4
HAM Radio / Satellite Communications


Amateur Radio organization existing in the State (HAM) has good potential and should be used. The 5 districts Alwar, Bharatpur, Jaisalmer, Barmer, Jalore district already have Ham sets. It is also possible that the Ham sets with operators are deployed in the affected areas from the adjoining districts, which are not affected. Ham organization has proved their usefulness in establishing communications very quickly with remote areas affected in floods in the past and has provided information regarding the situation directly to the control room at Jaipur. District Collectors should incorporate this facility in their plans. Satellite telephones could be considered for vulnerable Villages/Tehsils and till these are provided existing wireless facilities should be improved.

5.5
Relief Camps/Shelters

Temporary shelter is required for the survivors of the earthquake while the rescue teams are busy with extrication work of people trapped below the collapsed houses. It must be ensured that the buildings/sites selected for such activity are safe and are easily accessible. It would be appropriate to consider all the open places available for gathering the people and then move them to the selected sites for providing them immediate relief of food, water, clothing and medical attention. Medical treatment centers should facilitate treatment for minor injuries and also surgical operations.

Since the time spent by the victims in such camps is going to be long, adequate attention is required to be given to the space requirements of different categories of the victims i.e. old and sick people, pregnant ladies and lactating mothers, children who have lost their parents etc. Hygiene and Sanitation aspect has to be thought of in advance and arranged quickly. Stores required for the relief camps should be held at suitable sites so that they can be used at the earliest. Manpower, transport and supervisory staff should be nominated and detailed in the plans.
5.6
Access control


Once the news of an earthquake spreads, there will be a large number of people covering on to the area and this can lead to serious problem of congestion of the road space for the movement of rescue and relief teams.

To carry out rescue and relief operations effectively the affected area should be covered with adequate number of police patrols and traffic check posts. Additional police forces will be required and should be projected to the State Government for making provision. The following actions are envisaged:

· To regulate the movement of survivors to shelter areas.

· To make public announcements advising people as per the instructions from the District Control Room or the Collector.

· To allow speedy movement of rescue teams and their equipment.

· To act as information centre and allow for smooth passage of relief support coming from out side the district.

· To safe guard public property from looting by anti social elements.

· To avoid over crowding of roads by unnecessary visitors.

· To facilitate removal of victims trapped under the debris and in disposal of dead bodies.
5.7
Use of Media

Media should be used to give correct picture of the earthquake situation to avoid rumours, which may cause panic both within and outside the affected area. The Relief Department/Control Room should inform the All India Radio to maintain 24 hour broadcast during disaster period. Both AIR and Doordarshan will be requested to broadcast public awareness programmes from time to time about various protective measures to be taken for an earthquake.


Some information about the nature and intensity of the earthquake and what people should do, should be put out on the AIR/DD. People should asked not to move out on public roads, which would be required for movement of relief and rescue parties. They would be advised to save injured people or rescue those who can be rescued from collapsed buildings. Actions being taken by the District and State Administration would be given out. They will also give out the facts about the casualties suffered and the details of damages sustained.


The Information & Public Relations Department is responsible for drawing up suitable programme in consultation with the Station Directors of A.I.R. and Doordarshan. Adequate publicity material in the form of leaflets, posters should be put up at public places in the vulnerable villages. In addition slides should be prepared and shown in all the cinema halls highlighting Do's and Don'ts before, during and after an earthquake. Do's & Don'ts are available at Annexure-7.

5.8
Assessment of Preparedness Actions


Adequate arrangements for identifying, assessing and monitoring the disaster threat are necessary. This enables the planners to make a reasonable forecast of the likely effects arising out of an earthquake. Some of the important aspects would be:-

· Casualties - deaths and injuries to the victims

· Damage and destruction to property both of the private & public category.

· Disruption to essential services.

· Economic loss

· Loss of livelihood
5.9
Viability of Plans


Once the plan is finalised and approved it needs continuous attention to maintain its viability. This action has to be taken at the Relief Commissioner's level in the State and the Collectorate and Tehsil levels in the districts.


Plans drawn up should include the 'Before', 'During' and 'After' stages of the earthquake. Each set of actions could be formed as checklists for the concerned official of each department to be able to go through in a chronological order so that no essential action is left out inadvertently.

5.10
District Level Committee


The Collector should take stock of the assets, resources and the requirements of personnel to take actions in an earthquake. A review of the information from Tehsils/Blocks should be made in order to be able to coordinate the efforts from within the district resources and project additional help required from the State Government and other agencies. This should be preferably based on the latest statistics about the vulnerable elements in each of the Tehsils/Blocks that are likely to be affected. Periodical meetings should be held preferably once in three months. Awareness campaigns should be organised at least once in a year. A large number of institutions like hostels, social welfare residential schools and old age homes are under the control of the Social Welfare Department. The Deputy Director (SW) should be nominated to be a member of the District level committees. Similarly at the Tehsil Level the Assistant Social Welfare Officer should be a member of the Tehsil Level Committee.
5.10.1 Focus on the following points is advisable:

· Communication resources available and their location including those held in the pool. Requirements of additional wireless sets should be projected to the State Government.

· The required funds for publicity campaign are to be made available to the concerned departments.

· Enforce by law to follow the building code in designing seismic resistant shelters both in private and public sectors in vulnerable Tehsils/Blocks.

· Maps of the vulnerable areas in the Tehsils/Blocks to facilitate relief operations particularly for the Rescue/Relief Teams and Agencies arriving from out side the District.

· Earmarking of Teams for Rescue, and Relief operations.

· Transport & Water Tankers available, their roadworthiness their present location.

· State of the PHCs and Hospitals regarding the Staff available and the Equipment deficiencies. Capacities of these in dealing with a large number of injury cases must be critically assessed.

· Tehsil wise or area wise identification of the population vulnerable and the weak houses, buildings and public infrastructure. Nominate officers to supervise the relief operations in that area/Tehsil.

· Requirement of opening sub/additional control room and the facilities available to make it fully functional.

· Give wide publicity to the "Do's" and "Don'ts" given at Annexure-7. Suitable publicity materials like posters, pamphlets, leaflets, slides and hoardings have to be designed and displayed at prominent public places in the Vulnerable Tehsils and villages through the DPR. The required funds for publicity campaign is to be made available to the concerned departments.

· Standby arrangements for power supply to the Control Rooms, the shelters, and the Hospitals.

· Availability of digging tools like crow-bars, pickaxes, shovels, ropes, ladders, fire fighting equipment.

· Petromax/Battery operated lights for rescue work at night.

· Radios to listen Broadcasts of Akashvani.

· Stores for erecting temporary shelters.

· Availability of food stocks, kerosene and fire-wood for disposal of dead bodies.

· Availability of potable drinking water

· All arrangements for establishing relief camps.

· Mobile phone address systems.

The first requirement for the District Administration would be to get all the information regarding the elements at risk in the vulnerable areas. These should include the types of individual houses, Govt. structures vulnerable to earthquake and get them strengthened to the extent possible. Such structures should be marked for quick evacuation. In case of houses belonging to the public, they must be informed of the status of their house and advised to observe the "Dos" and Don'ts" for earthquake.

Requirement of Effective Response


Effective response will depend on two major factors:

· Information and 

· Resources

5.11
Information Management


It is essential to have all the information regarding the areas which are likely to be affected in an earthquake. This, if readily accessible to the Collectorate on computers, will facilitate in assessing the protective and preventive actions that can be taken before the onset of the earthquake. Once the earthquake strikes, it is not easy to obtain accurate and complete information. Therefore it is important to consider following aspects:

· Acquisition of information

· Information assessment

· Decision - making

· Dissemination of decisions and information

· Good reliable communication systems for dissemination of orders

The above will be possible if the present database in the districts is fully updated and probabilistic assessments are made of the likely damages well in advance. Similar database should be made available at the all levels including Tehsil level. Tehsil/Area wise review should be made with actions required to be taken by respective offices of various departments. The duties will be more or less similar for all departments with differences in the actual details particulars to the area concerned. A suggested example of database that could be prepared for a Tehsil is given at Annexure-2.

5.12
Training of Government Officials


All the Government Officials who are likely to be involved in the management of earthquake should be given orientation training at Disaster Management Centre in HCM RIPA and they should be used as pool of resource persons for enlarging the resource pool in the Districts under the District Collector's guidance and supervision. Over a period of time there will be sizeable number of earthquake conscious officers who will be able to coordinate their own department's efforts in fulfilling the various responsibilities in all the phases of the earthquake management. Experts from the scientific departments in Jaipur will be available for such training in the districts. 

5.13
People's Participation


People's participation has been acknowledged as the key to sustained development and the success of this idea has been provided in the state in recent years. Just as people are able to understand the developmental projects initiated by the Government and are actively participating in the planning and executing stages, disaster and its related activities could also reach the same status as that of response of the people to the development oriented projects. But to achieve this, extra efforts have to be made by the officials.

5.14
Awareness 

· Awareness and people's participation in preparation for a disaster should be launched as campaign and should cover the People, the elected members of Panchayat Raj. Students, Existing Women Groups. NGOs and local Political Leaders. Information & Public Relations Department with the help of Media is likely suited for this purpose. The District PRO with the help of Collector will cover all the vulnerable villages.
· Once the public and the connected officials and volunteer groups are fully aware of the cause and effects of an earthquake, they could be persuaded to make their own assessment of the needs they perceive in an earthquake situation. Village level disaster preparation teams can be formed from among the category of persons identified in the above paragraph. The team can select their own leader who will be the person to carry out the liaison with the Government officials and the NGOs for any help required during the relief/rehabilitation work. 

5.15
Needs Assessment

This team should be able to identify the resources available in the village which could be used (a) for preparation (b) during the period immediately after the earthquake and (c) for rehabilitation. The resources data is available for each village will be compiled into a Tehsil/Block level resource record as suggested in Annexure-2. Based on the needs assessment there would be the requirement of identifying the resources that would have to be brought in form outside the village and this is where the Blocks resource record will be of assistance. The assistance required from outside can be quantified as per the estimated effects of the event and these could be coordinated at the Blocks/Revenue/ Division/District Level.
5.16
Preparedness Plan at Village Level

 
Having achieved this, the teams can then apply their awareness into a preparedness plan which will include the contribution from all the sections of the society represented in the team. It is important not to miss the presence of women members as they are equally responsive to give useful suggestions particularly affecting women & children. The ideas gathered over a series of mutual discussions can be prepared into a plan which should give out the actions to be carried out by various persons at specified time periods and list the resources (both human & material) to be used.
5.17
Post-disaster Review

 
A critical review must be made after the disaster effects are fully under control to learn from the lessons in the course of executing the plans. This can be done by insisting on the various team leaders to submit their "After Action" reports' in a reasonable time frame. These reports should be reviewed by the district committee and suggestions should be forwarded to the Relief Commissioner.

Chapter – 6

Roles and Responsibilities of various Departments

6.1
Disaster Management and Relief Department

· At all levels in the State this department will be the controlling department for all the Response and Relief oriented operations for an earthquake disaster. 

· Department will be responsible for actions listed in paragraph 5.10.1. 

· The District Collector will be responsible for the district in the earthquake situation and will be under direct control of the Relief Secretary. 

· District Administration will prepare a District Disaster Management Plan and Village Disaster Management Plan in advance which comprises of Village profile regarding the population, infrastructure, types of vulnerable houses & communities etc. This information should be included in India Disaster Resource Network Website http://www.idrn.gov.in and may be linked to the Relief Commissioner's office. This data should be updated once in six months. 

· Should earmark teams for rescue, evacuation, shelters or relief camps, transport for teams, warning public, and disseminate information to all concerned about the relief operations/plans including the Non-Governmental Organisations taking part in the operations or likely to take part on arrival from out side the district. 

· Reception and briefing arrangements for Army columns coming in for relief work and to provide map and/or guides for them. 

· Organise relief camps, emergency feeding, clothing & household supplies and provision of temporary shelter assistance. The actions to be performed by various departments are listed under respective department as guide lines.

6.2
Meteorological Department

· To keep track of any situation wherein the warning for Earthquake is to be issued. 

· The information is conveyed to the Relief Commissioner, concern district collector and EOC through fastest communication without delay.

6.3
Directorate of Public Relations & Information

· DPR should arrange to educate the public about the earthquake hazard and steps that are to be taken by them. This can be done through the local news, by posters, handbills exhibited at prominent public places like bus stands, railway stations, post offices, cinema halls, street plays. 
· People should be encouraged to listen to the Air programmes on earthquake which would be organised by the D.P.R. at the State level. 
· Slides on important aspects of the "Do's" and "Don'ts" as given in Annexure-7 should be shown in the cinema halls. This should be done on cyclic basis 2/3 days every week every 2 months. 
· Community Radio sets should be checked by the Sarpanch/ Executive Officer/ Village Development Officer/ Head master of Elementary School. 
· DPR should also carry out media liaison and prepare approved information in suitable form for issue.
6.4
Medical and Health
· CM & HO is responsible for providing emergency medical treatment to the victims, 
· maintenance of public health,
· check quality of drinking water, 
· undertake first aid training to selected volunteers in the villages, 
· co-ordinates utilisation of medical teams, medical supplies, ambulances and issue of medical certificate for deaths. 
· Deployment of teams with nursing staffs and trauma specialist Doctors, 
· provision of emergency drugs, equipments for immediate critical care and resuscitation. Out reach camp in effected areas with all medical facilities and strengthening referral and transport system to the hospitals. At district and state level one rapid response team/ search and rescue team under Medical Officer will be constituted that will always be ready round the clock with kit containing basic drugs to meet out emergency. Separate control room will be established at Directorate of Medical and Health and at District Level.
6.5
Public Works Department 

· Survey of weak structures, roads, bridges, buildings for strengthening, 

· to carry out survey and assessment of damaged structures in rural areas, 

· arrangement of heavy equipment like dozers, excavators, cranes, pulleys, power saws, gas cutting equipment etc. Undertake clearance of roads and debris of collapsed houses:

·  restore damaged public buildings and public infrastructure.

· Public Works Department will also ensure to prepare retrofitting manual and guidelines from time to time.

6.6
Police

· Responsible for Law & Order, protection of property, 

· help in evacuation, 

· control movement in disaster areas and at key points for access control, 

· assist in search & rescue, provide required number of mobile sets with operators, 

· position mobile VHF sets as per the district plans, ensure speedy delivery of messages received on the police net, and

· help in disposal of dead persons.

6.7
Education

· Ensure that earthquake drills are practiced by students in all the schools and colleges, 

· to include earthquake awareness aspects in school curriculum, 

· make available school/college buildings for temporary shelters for evacuation or for use as treatment centers, 

· provide staff for assessment of damages and for awareness campaign in the villages.

6.8
RRVVNL (Rajasthan Rajya Vidhyut Vitran Nigam Ltd.)

· As disaster preparedness measure to keep the power lines and installations free of obstructions, 

· maintain power supply at the best possible level during earthquake particularly for relief camps and the hospitals/treatment centers, 

· adopt public safety measures, for plan installations damaged 

· provide alternative feeders as per the district plan to ensure 24 hours electric supply.

6.9
Fire Service

· Shall help in fire - fighting, rescue and other appropriate operations as required.

6.10
Forest

· Shall provide construction material for temporary shelters and 

· for the public to construct/repair their houses.

6.11
Transport

 
District Transport Officer should provide the required number of vehicle to the teams or departments as per the allocation made by the Collector. Data of available transport in the district will be maintained and updated. Should co-ordinate use of transport.

6.12
Telecommunication Department

 
Provide additional telephones for the purpose of relief operations as requested by the Collector and ensure rapid repair of damaged telecommunications.

6.13
Public Health Engineering Department

· To make control room operational during earthquake situation.

· To check any broken pipelines of drinking water and repair them for safe drinking water.

· Arrangements for quick restoration of water supply in case of earthquake.

6.14
Food Department

· To ensure sufficient storage of food and other essential commodities in advance in vulnerable areas.

· To issue instructions to keep essential stocks of commodities for emergency requirements.

· Arrange relief supplies of food and other necessities during the Earthquake.

6.15
Local Bodies Department

· To make earthquake resistance building bye laws and enforce thereof in construction of buildings.

· Maintain sanitary conditions in the disaster-affected area. 

· To carry out survey and assessment of damaged structures.

· To ensure that water of gutter lines do not seep into the drinking water lines.

· To remove the garbage, dead animals timely to prevent diseases.

· Conduct retrofitting survey of life line buildings, high rise buildings and other public crowding places like Marriage Home, Cinemas, Theatres etc of all earthquake prone urban towns and also ensure the retrofitting of above buildings.

· To make provisions in building bye laws regarding retrofitting and penal provision for contravention of these bye laws. 

6.16
ASSISTANCE FROM THE ARMED FORCES


The Army plays a very useful role for timely rescue/relief operations during earthquake in the past because of the following organizational features.

· Organised and mobile manpower to assist in rescue operations.

· Well-trained and equipped engineers.

· Communication units to provide emergency radio and telephone links.

· Emergency medical support to the victims.

· Helicopters for reconnaissance, emergency rescue, evacuation and supply.


Assistance of the Armed Forces may therefore be taken by the State Government in the event of an earthquake in the State. It is important to integrate the Army and Air Force into the disaster plans from the very beginning. Sub Area Commander should be requested to organize, reconnaissance visits to the likely areas of application and for assessing the quantum of manpower and materials required. Liaison officers at the State/District control rooms must be provided to ensure better co-ordination. This arrangement may be formalized by the DMG at the Secretariat. Suitable maps of the areas and guides must be planned for speedy deployment of the task forces. Helipads at the likely areas must be prepared well in advance together with the plan for providing logistic support to the Helicopters. The Co-ordinates of the helipads must be given to the Air Force Station Commander Jaipur. The Guidelines for Requisitioning of Armed Forces in Aid of Civil Administration and requisition & derequisition Format is available at Annexure-6.
6.17
Non-governmental Organizations 

In Rajasthan non-governmental organizations have played an increasingly prominent role in disaster management, especially in preparedness and response. Their out reach ability is inherent in their activities and provides excellent basis for promoting community awareness and preparedness. Some activities towards using their potential are:

· Mobilisation of NGOs under some form of umbrella organisation for a co-ordinated effort for disaster preparedness and response purposes. 

· Allocation of preparedness and response tasks to individual NGOs or to groups of NGOs 

· Promotion of public awareness

· Production of NGO disaster plans and the same to be done into the State and District Plans.

· Identification of resources and their application into the selected areas to supplement the Government resources.
CHAPTER – 7

ACTIONS DURING EARTHQUAKE

7.1
Onset of Earthquake

Virtually no warning is possible for an earthquake and this give rise to some special problems in an earthquake situation as opposed to other disasters like floods, cyclones and drought. The problem areas are:

· Severe and extensive damage, creating the need for urgent counter-measures, especially search and rescue and medical assistance.

· Difficulty of access and movement

· Widespread loss or damage to infrastructure, essential services and life support systems.

· Recovery requirements (restoration and rehabilitation) may be very extensive and costly.

· Rarity of occurrence in some areas may cause some problems for decision-making in counter disaster measures and in public awareness efforts by the Government.

· Communication systems may be damaged or rendered unserviceable.

· First information may be vague and exaggerated.
7.2
Information of Earthquake 

· Once the vulnerability assessment has been carried out and the actual areas are identified, officials, volunteers should be nominated to pass on the information of the tremors noticed in their respective areas, to the Tehsildar by the fastest means. This information should be passed on to the NGRI, and GSI to enable them set up seismic station immediately, Tehsildar should also simultaneously pass on the information to the Collectorate, who should record the message and pass on the information to the Chief Secretary to Govt./Disaster Management & Relief Commissioner and other concerned officials.
· In case the tremors are intense enough to cause damage, the nominated persons if they are not themselves affected should pass on the information to the Tehsildar for further transmission on the revenue wireless net to the control room at the Collectorate. The message is then transmitted to the Disaster Management & Relief Control Room at Secretariat and the Disaster Management & Relief Commissioner.

7.3
Activation of Control Room/Teams

· All officials and team members should concentrate at nominated places for taking a stock of the situation and to proceed to their respective areas after final check on their tasks, equipment and briefing by the team leader. All communication sets should be open and establish contact with the local control room.
· Without waiting for further orders, the teams nominated for rescue should swing into action and start rescue work to the extent possible in their designated areas with equipment such as crowbars, hooks, ropes, shovels, material for improvised stretchers etc. Control Rooms should be activated immediately and actions by the task forces should commence as per the plan. It should be remembered that in the case of earthquakes there is no early warning. The Tehsildar should therefore be ready and well equipped to start rescue/relief operations immediately without waiting for executive orders from above.
· The kind of reaction would be possible only if preliminary detailed assessment has been carried out. This would lead to allocation of personnel and resources to the various tasks to be performed immediately at the site/area of the earthquake. Since communications will take some time to be activated it is necessary to depend on the existing communication systems in the village which may be a telephone/wireless set at the Police Station. If none are available (which would be known already) Sarpanch/Patwari/ Secretary Gram Panchayat should arrange to send the message through by telephone/fax/telegram or courier to the Tehsil office. This also highlights the fact that such communications must not themselves be vulnerable to damage/loss.

7.4
Access Control

· It must be also remembered that an earthquake may take place at night as it did in Billari, Latur area in September 1993 in Maharastra. This compound the problems further and outside help will take that much longer time to react. The first rescue/retrieval operation will invariably have to be started by the villagers themselves. With the passage of time and the world having gone around there would be an influx of a large number of people converging onto the area. While the immediate rescue actions and controlling actions are underway with the local teams/officials, additional police force must be rushed on priority to establish as the task forces from outside start converging as per the plan. The Superintendent of Police should post pickets and arrange patrolling continuous in the affected areas and relief centers to prevent anti-social activities.
7.5
Responses

· Ab-initio the resources will be limited and the pace of rescue and relief work will be slow. There would be difficulty in extricating people who are trapped under the collapsed structures without proper equipments. This fact has to be explained to the public to reassure them and instil confidence.
· All actions will be started simultaneously by the concerned teams/officials and should be covering the following:
· Opening of control room, concentration of the staff manning it and open up of additional wireless sets and getting in touch with the various team leaders.

· Move HAM radio teams to earmarked locations.

· Bid for movement of additional wireless sets from other districts or the State control room.

· Rescue work for victims trapped under the debris and retrieval of dead bodies. Movement of Bull Dozers, Excavators, Jeeps with winches, Cranes, Power Saws, Gas Cutting Equipment, Drilling Equipment etc. should be moved on the orders of the District Control Room. Collector should talk to the Chief Secretary/Relief Commissioner for aid required from outside the district.

· Clearance of debris on the roads and to keep road communication open in the area for arrival of relief teams/agencies.
· Treatment to the injured and placing the dead bodies at suitable place for identification by relatives for further disposal. Seriously injured cases requiring surgery should be send to the nearest PHC/Hospital or the mobile Hospital. Helicopters may also be used to evacuate patients to hospitals in the nearest town where the facilities have been created as per the plan. Mobile medical teams suitably equipped should move to their allotted areas/centers. Superintendent of Police in consultation with the local administrative should engage labour for disposal of dead bodies.

· Erection of temporary shelters in the areas already selected. Preferably relief camps should not be more than 2 to 3 kms away from the place of disaster and some transport arrangements should be made. 

· The survivors should be gathered together and evacuated to the shelters/relief camp area where the space allotted is commensurate with the requirement of the category of victims i.e old and sick persons, handicapped persons, pregnant ladies who require more space in the camp.

· Food and water should be arranged for the survivors and someone should talk to them to give them confidence and get the details of the missing members of their family. This task should be organised by the officer-in-charge of the relief camps. Clothing and blankets as per Govt. orders should be issued. Water may not be available freely therefore tankers should be used. Army water trailers could also be used. Water chlorination and water sterilizing tablets must be arranged.

· Civil supplies as per the estimated quantities should be moved to the nominated locations. Salt, matches and kerosene may be added to the inventory of items to be supplied. 

· Reception cum Check Post should be established at the earliest at the entry points to the villages or the affected area to act as check against influx of large number of visitors and to also guide the relief teams from outside. This task should be allotted to a responsible person with some staff and telephone/wireless set if possible.

· Locations for the treatment centre, relief camps, reception centre, parking areas for relief supplies from the Govt. and NGO and the information centre should be occupied as per the plan only to avoid confusion later as the pace of operations increases.

· Use of Air Force Helicopters should be made to carry out aerial reconnaissance of the affected areas to assess the extent of damaged area and to bid for additional resources required or to modify the application of resources.

· Enumeration work for human causalities, damaged to property and public infrastructure should be compiled and verified with the census data of the vulnerable area.

· Establishing a Base Depot for receiving, storing and distribution of relief materials from within and outside the district. Transport and labour for loading, unloading, sorting and re-packing for transporting to sub-depots must be organised under a senior responsible officer with communication and staff.

· Bid for support from the Army, based on the reports from the Tehsils/team leaders/aerial reconnaissance by the District Collector.

· Establishment of a small information centre in the District control room to provide statistical data about any of the affected areas for decision making and also keep updating the enumeration data as it is reported by various teams/departments/NGOs/Media. This will help is giving out the near correct figures to the Govt. Agencies/Press and Media by the PRO of the district.

· The suggested activities and the departments which may be entrusted with the tasks are listed at Annexure-3. The list is only suggestive and more can be added as per the pre-earthquake assessment of each region/Tehsil as the case may be.

7.6
Aid from Abroad

· Once the earthquake takes place, the event will be immediately noticed to International Agencies for providing aid through Central Government.

CHAPTER – 8

RECOVERY AND REHABILITATION AFTER EARTHQUAKE

8.1
Recovery

Response, which covers the urgent actions, is basically a short-term expediency. Recovery follows response and is more general and long-term in nature. Response is covered under the orders of the Government, which gives freedom of action to the officials and Recovery does not have this flexibility. Recovery covers restoration, reconstruction and long-term community rehabilitation. It is complex, extensive and can generate a number of problems.

As in the case of planning for the disasters, information once again plays an important role for proper recovery actions to be initiated. The sources of information are:

· Information from the response operations will give a lot of inputs for the recovery plans and these could be obtained from Damage surveys and need assessment survey (to be done as post-disaster activity) and survey report to be sent by the Collector in Annexure-5 to the Commissioner and Secretary, Disaster Management & Relief Department, Govt. of Rajasthan, Jaipur.

· After action reports by team leaders/departments.

· Information available with the control rooms

· Reports from the NGOs (they should be requested to give copy of their reports sent to their higher Headquarters).

· Reports of the International Aid Agencies.

· Information from the Media

· Reports of the Nodal Officers covering the disaster.

· Post-disaster Review.

· Development programme of the region or area.

8.2
Recovery/Rehabilitation/Programme 


Based on the data collated from the above source a list of activities required for recovery can be prepared and prioritised. The needs will fall under the following categories:

· Resettlement of displaced persons in new settlements.

· Provision for temporary shelters till new settlements are ready for occupation.

· Resettlement of orphaned children and widows.

· Restoration & Rehabilitation of public utilities.

· Rehabilitation of public utilities.

· Rehabilitation of persons incapacitated due to serious injuries.

· Provision of constructed houses with appropriate technology and based on traditional design.

· Provision of construction material at concessional rate or free as decided by the Government.

· Provision of employment.

· Rehabilitation of Artisans.

· Counselling for victims suffering from Post-Traumatic Stress Disorder.
8.3
New Settlement

· Land for new settlement may have to be selected when the damage has been extensive. This could be done by earmarking Government lands. By using the remote sensing facility, areas away from major lineaments should be selected and care should be taken not to select along riverbeds, as these are prone to liquefaction. The sites should be closer to favorable ground water zones.
· The affected population would be averse to moving to totally new areas far away from their lands and do not readily accept the modern RCC construction designs which are smaller than the space they are used to. It is this context there is a requirement to build-up awareness of the improved technology for their further safety and to pesuade them to participate in the planning and construction of the new settlements. The local leaders, voluntary organization should be motivated to mobilize participation by the people. 
· The layouts of the new relocated villages should be based on traditional designs with cluster type being the basis of planning. The structures should be earthquake resistant, traditional, low cost and safe. Use of local materials should be made as far as possible and where this not possible, building materials and elements should be casted on site using proven cost-effective technologies.
· Rajasthan Housing Board together with other construction organization like PWD, Jaipur Development Authority & Local Bodies in the State should establish building centers to carry out suitable training for construction workers. Grass root level planning involving the member of the community and trained construction workers will be able to raise the new settlement fully satisfying the expectations of the affected people.

8.4
Temporary Shelters

· Number of shelters required, will be guided by the pre-earthquake assessment of the total population likely to be rendered homeless and within such population the distinct categories of old and sick, pregnant ladies, lactating mothers and handicapped persons, should be in focus.
· The stores required for these shelters will have to be arranged, their availability, present location, transport required to move them to the sites selected and the manpower required will have to be worked out in the preparatory period. Resources as identified will have to be included in the plans in sufficient detail and known to all.

8.5
Orphaned Children and Widows

There will sizeable number of the persons in this category including old men who have no one to look after them, so provision has to be made for them. This category of victims should be looked after by the Government by making specific arrangements regarding their future shelter. This could be done, by construction of hostels and provision of staff for their management. Compensation money as eligible may be held and operated by a trust created for the purpose of looking after them and may not be given to relatives who are likely to misuse the money. Such children should be given priority in admission to hostels/residential schools which are run by the Government.

8.6
Restoration of public utilities

The first task at hand to restore normal life in the society would be to restore all the essential public services as early as possible. The concerned line departments, with manpower and material resources should take up this responsibility. Additional resources may have to be transported from neighbouring areas unaffected by the earthquake.

8.7
Rehabilitation of incapacitated persons 

There may be some persons of this category due to the time taken for the heavy engineering equipment to arrive at the sites and begin the extrication work. This situation may generally arise in multi-storied residential complexes in moderately dense sections of towns. Higher compensation grant may be considered in such cases.

8.8
Construction of Houses

This activity is one of the major post relief activities and requires careful planning. Construction activity for rehabilitation of the people should be at two tiers. One for relocation in a new area and the second will be in site reconstruction depending on the popular choice exercised by the people i.e. whether they are prepared to shift to the new location proposed or whether they would like to stay in the old village/area. All families affected by earthquake should be sanctioned permanent houses under the existing housing schemes. Some of the major considerations in this activity could be:

· Government and voluntary organisations taking up construction work should establish training centers first to impart quake-resistant technology to the artisans, construction workers, field level supervisors, construction engineers and local leaders. Design and Construction Codes of various types of constructions and repairs are at Annexure-4.

· Land as identified for relocation should be made available to the construction agencies.

· Partnerships should be established between construction agencies and Financing Institutions.

· Experts on earthquake engineering should be involved right from the planning stage with participation of leaders of the community.

· Survey of Households should be conducted to ascertain user's perceptions in maintaining traditional character of the dwellings.

· Old layouts and the house designs of the villages must be studied and discussed with the people's representatives before getting down to plan the new layout and adoption of unit designs.

· Spatial functional relation should be the basis for design of dwelling units for different categories of the society. Separate entries for different uses must be provided.

· Cluster based layout should be the guiding factor in planning. This approach would find easier acceptance from the public.

· Generate employment through local participation of unemployed youth, labour and construction artisans.

8.9
Provision of Construction Material

· Some of the damaged stock of dwelling units may require partial repairs for which the Administration/NGO could provide cement, C.G.I. Sheets, poles and other construction material at concessional rates or free as per the decision of the Government.

· Assessment carried out after the enumeration has been finalized will indicate the quantum of items require to be provided. These are going to be in large numbers and perhaps would have to be arranged, transported and delivered at the sites. This is complex in nature and will involve the following.

· Identification of the supplying agencies, their capacity to meet the quantities required at the earliest, their ability to transport them to the site areas. 

· In case the collection is to be done by the construction agencies, their requirement of transport in the schedule of movement on the roads should be considered.

· If possible movement by rail may be considered and necessary co-ordination be carried out with the railway authorities.

· Suitable organisation has to be evolved for the above tasks and persons nominated for supervision and execution of the delivery to the public.

8.10
Provision of Employment and Rehabilitation of Artisans


Both these category of activities can be dovetailed into the construction work and the other restoration/repair work under taken by the line departments. It is essential that priority should be given to the local semi-skilled and non-skilled potential before importing them from out side areas. Experience elsewhere indicates that the construction agencies bring with them labour inputs and materials thus leaving the local population without employment opportunities. Carrying out this co-ordination immediately after the earthquake would be rather difficult in the pressure created by a host of activities taking place at the same time with their attendant demands on resources and time of the Administration. This problem could be overcome by suitable Government instructions and establishing rapport with the voluntary agencies well before the disaster.

8.11
Counselling for Post Trauma Syndrome disorder


One of the important aspects of rehabilitation often not stressed enough is the technique oriented to coping with the stress by the victims. Some people may resort to committing suicide and some others may take to deviant conduct like consuming excess alcohol or drugs or gambling and so on.
· One of the acceptable measures could be counselling at both individual and family/group level.

· This should be undertaken, as a continuous input to enhance the much-needed social support to help the individuals to recoup themselves and to build up their self-confidence, self-control and the commitment to start life all over again. In other words, counselling process should aim at converting the stress situation to one of challenge to make the best use of whatever is available.

· Counselling should be undertaken by professionally trained social workers drawn from the Government Department of Social Welfare/ Health/ Extension and NGOs.

· Suitable training should be organized for these teams.

The magnitude of the earthquake and the damage to the property/loss of life would be brought immediately to the notice of the Central Govt. by the Commissioner for Relief. In addition, Relief Department would send as soon as practicable, report to the Ministry of Agriculture (Department of Agriculture and Cooperation with copies to the Department of Home, Science & Technology, IMD and the Ministry of Urban Affairs and Employment (Department of Urban Development). The State Control Room would keep the Control Room of the Ministry of Agriculture/ Home informed about the developments by telephone/Fax/telex.


If the DMG consider that assistance of other organization, under the Central Government or other States Government is required, the Chief Secretary should bring the matter to the notice of the Central Relief Commissioner who would take appropriate action.
CHAPTER - 9

EARTHQUAKE RESISTANT NON-ENGINEERED CONSTRUCTION

9.1
In an earthquake buildings and structures suffer damages based on their inherent capacity to withstand the stresses created by the amplification of the ground motion. Earthquake measuring 5 and above on the Richter scale will cause considerable damage to property. The PWD (R&B) in Rajasthan deals with construction of Major buildings, bridges and roads. In earthquake prone areas the department should make a survey about the condition of existing structures and study about strengthening them so that human deaths could be reduced. This survey should also cover the domestic housing stock in the villages.
9.2
In addition to the I.S. codes on earthquake resistant construction it is suggested that non-numerical advisory design should be followed. This may be called as a code of good practice.

9.3 Code of Good Practice for Low Rise Load Bearing Masonry Structures

(a) In order to counter horizontal acceleration of earthquake, ties have to be introduced at Plinth, Sill, Lintel and Roof level.

(b) Roofs of such masonry buildings shall be kept as light as possible.

(c) Roofing shall be designed and constructed as single diaphragm.

(d) In earthquake prone areas 50% of the walls shall be designed as shear walls minimising openings.

9.4
Framed structures
(a) In the case of framed structures the members of the structural system shall be designed so as to form a unitary movement resisting frame to counter earthquake load and to suitably accommodate deflections.

(b) In the case of stilt with free standing columns which do not have any other structural members such as shear walls etc. they shall be designed according to loads and moments.

9.5
The structural system should be simple and shall have symmetry as far as possible with the following:

(a) Design of corner members of the building to resist the concentration of seismic forces.

(b) The joints between various structural members shall be suitably strengthened.

(c) The structure shall offer balanced resistance. This should be achieved by keeping the center of resistance close to the center of mass of the building as far as possible.

(d) In the case of unsymmetry where the centers do not coincide, the members shall be suitably designed for the torsion generated by earthquake forces.

(e) In the case of certain class of buildings having higher safety requirements suitable measures like the frames shall be suitably braced on the periphery and shear wall shall be introduced.

(f) Symmetry of the structural systems may be maintained as far as possible even in the case of buildings where geometric symmetry is not there.

(g) All non structural members like plumbing, false ceiling, air conditioning ducts etc. of the building shall be suitably anchored in the position so as to resist earthquake forces.

(h) Structural glazing/curtain wall shall be designed and constructed on the facade of the building so as to accommodate deflection in the structural members safely. Suitable glass like tempered glass and laminated glass shall only be used in the panels.

(i) In the case of piped gas supply, the pipes shall be embedded and passed through walls with adequate sleeves to avoid any ruptures.

(j) External cladding on the walls with heavy material like granite, marble etc shall be suitably anchored with pins etc and their load shall be accommodated for.

9.6
Precast Construction 

(a) Panel to panel connection of framing members shall be ensured so as to enable the structure to resist earthquake load as a single unit.

(b) Suitable jointing procedure and workmanship shall be adopted between various interlocking prefabricated panels to avoid weak connections.

(c) Suitable anchoring systems like dowel bars, hooks etc. shall be used to prevent dislocation of panels under the action of seismic loads in the quake prone areas.

(d) Expansion rank in buildings should also be provided to fulfil earthquake resistant system.


Isolation of the structure from its foundation may be achieved by using suitable rubber bearings so as to cut transmission of seismic forces to the structures from the ground. This method shall be employed for buildings of 3 to 5 floors to dampen earthquake loads. In such systems the frames shall be suitably braced.
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