CHAPTER 3

STRATEGY FOR EARTHQUAKE DISASTER MITIGATION

3.0 Overview 

The chapter brings out various aspects of seismic retrofitting schemes. Various approaches for retrofitting, their objective, factor affecting implementations of retrofitting programmes, and associated problems are discussed in detail. The national and international cases of retrofitting and rehabilitation are also detailed out in this chapter. 
3.1
Approaches for Earthquake Mitigation

There are many ways of disaster mitigation; broadly they can be classified into non-structural and structural measures. The nonstructural mitigation includes policy planning for enforcement of building codes and guidelines through building bye laws, provision of building improvement grants, Incentives for seismic resistant building construction, Insurance etc. These measures are indirect measures which are taken to mitigate the disasters. The structural mitigation includes retrofitting of existing buildings and implementation of earthquake resistant codes and guidelines for new buildings. Coburn et al., 2002 and FEMA-273 have discussed various structural and non structural seismic mitigation measures. Following are the details of non-structural and structural mitigation measures. 
3.2
Non-structural Measure 
Non-structural measures mainly emphasize landuse planning, programmes for sustaining awareness and information dissemination on Do's and don'ts at the time of disaster. Coburn (2002) has explained type of non-structural mitigation, which are briefly discussed in following paragraph:
Construction codes are one of the tools which provides basis for safe and strong construction which can be treated as guidelines for preparing building byelaws and standards. It is observed that building byelaws are implemented in urban areas but very poorly applied in rural areas. It is imperative to focus on rural environment. The non structural mitigation includes building improvement grants, which can be provided to the vulnerable building occupants. The city authority provides technical assistance along with grant for seismic strengthening. Compulsory earthquake insurance for buildings is considered in a number of countries as a solution for financing reconstruction costs and as an incentive for protection measures, but difficulties are encountered in convincing commercial insurance companies to participate, because of the enormous financial risks involved. Effective landuse planning, microzoning and vulnerability mapping pay major role in non-structural mitigation. These are the safe development controls, which contributes for long term sustained planning. The seismic Microzoning map even if roughly defined, can be used as an addition information resource for urban planners to incorporate earthquake protection considerations into their normal land-use planning decisions. The map may define areas of likely ground motion amplification, potential slope failures, and landslides or rock-falls and potential liquefaction. Creating building stock database helps in many ways for seismic mitigation. The database can help in prioritizing the retrofitting measures. Also during earthquake, decision makers can draw data and provide necessary support for response and recovery. Decentralizing city and infrastructure helps in many ways in seismic mitigation. Limitations of density, height restrictions, plot development regulations and other controls can also be used to limit concentrations of building stock. At a strategic level, services provided by one central facility are always at more risk than those provided by several smaller facilities. This principle applies equally to other lifelines utilities viz., hospital, government administration buildings and fire stations, power stations, water treatment plants and airports. Hence these measures indirectly help in creating disaster resilient system. 

3.3
Structural Measures

Construction Control: The best protection against earthquake is to ensure that the buildings are strong enough to resist seismic forces. The quality of buildings, measured by their seismic resistance is of fundamental importance. Minimum design & constructions standards for earthquake resistant structures are very important in establishing future safety for important structures. India has developed codes and guidelines for seismic resistant design. These codes are constantly reviewed by expert group. Following are the few important earthquakes resistant building codes and guidelines developed in India by Bureau of Indian Standards (BIS), Government of India. 
IS: 
1893–2002 (Old version 1984) Criteria for Earthquake Resistant Design of Structures Part-1: General Provisions and Buildings.
IS: 
13828: 1993 Indian Standard Guidelines for Improving Earthquake Resistance of Low Strength Masonry Buildings.
IS: 
13920: 1993.  Ductile detailing of reinforced concrete structures subjected to seismic forces - Code of practice.
IS: 
13827: 1993. Indian Standard Guidelines for Improving Earthquake Resistance of Earthen Buildings.
IS: 
13935: 1993. Indian Standard Guidelines for Repair and Seismic Strengthening of Buildings.
Beside these BIS publications, in India, professional are referring and practicing various guidelines developed by various research and development agencies. Among them, National Information Center of Earthquake Engineering (NICEE) has published series of manuals and guidelines for earthquake resistant construction and retrofitting. Indian Society of Earthquake Technology (ISET) with permission from International Association of Earthquake Engineering has published ‘A manual of earthquake resistant non-engineered construction’, which is widely referred for non engineered construction. 

3.4
Need for Retrofitting 

In developing countries, there is a large stock of unsafe buildings, which may collapse at lower intensities of earthquake. This is due to the fact that community is ignorant about the seismic risk in the living area. Thus the buildings are constructed without considering seismic forces. 
Further as the seismic activity increases in the area, the seismic zone changes. As per the upgraded seismic zone, there is a requirement of upgrading the seismic performance of existing building. 

3.5
Concept of Repair, Restoration and Strengthening (ISET, 1989)

The main purpose of Repairs is to bring back the architectural shape of the building so that all services start working. The actions include patching up of defects, repairing doors, windows, replacement of glass panes, checking and repairing electric wiring, checking and repairing gas pipes, water pipes and plumbing services, Re-building non-structural walls, smoke chimneys, and boundary walls. 
Restoration is the restitution of the original strength, the building had before the damage occurred. The main purpose of restoration is to carry out structural repairs to load bearing elements. It may involve rebuilding of structural elements or adding more structural material so that the original strength is more or less restored. 

Strengthening is an enhancement over the original strength when the evaluation of the building indicates that the strength available before the damage was insufficient and restoration alone will not be adequate in future earthquakes. Commonly, strengthening procedures should aim at one or more of the following objectives:

a.     
Increase the lateral strength in one or both directions, by reinforcement or by increasing wall areas or the number of walls and columns.

b.     
Provide integral action to the structure by providing a proper connection between its resisting elements, in such a way that inertia forces generated by the vibration of the building can be transmitted to the members that have the ability to resist them. 

c.     
Avoiding the possibility of brittle modes of failure by proper reinforcement and connection of resisting members.  

3.6
Objectives of Retrofitting

The objectives of the retrofitting can be broadly categorized into three types depending upon the level of safety. These categories are life savety, immediate safety and damage reduction. The life safety retrofitting strategy aims at ensuring safety of life through prevention of collapse of building. The resources required for life saving objectives are minimum. 
The immediate safety retrofitting objective provides moderate level of safety. This type of retrofitting is primarily saving life along with optimal reduction in structural losses. 
The damage reduction objective provides extensive safety to the life and property. This class of retrofitting requires more resources than other two types. 

3.7
Factors Affecting Retrofitting

There are various factors which directly or indirectly affects the strategy of retrofitting projects. These may be as follows:

Seismic Hazards: The extent of retrofitting depends upon the level of probable seismic risk in terms of intensity, peak ground acceleration, or time history of probable earthquake. 
Configuration of Building: The retrofitting depends upon type of building and materials used. The techniques dependent upon architectural configuration, structural system, height and other physical characteristics. If the masonry building is having more and large opening or is irregular in shape, it will require more resources for retrofitting.
Material of Construction: The material of construction plays major role in deciding the technology for retrofitting. Approaches for retrofitting of mud building will be different from Brick or RCC building. 

Economy of Retrofitting: The extent of seismic safety is directly proportional to the retrofitting cost. 

Government Policy: The strategy for retrofitting of buildings usually depends upon government policy and decision.

Willingness to Pay: The willingness to pay for retrofitting is major criteria for such project implementation. 

3.8
Relevant National and International Initiatives for Earthquake Retrofitting 
The seismic retrofitting is exercised depending upon existing building typology. The following paragraph reviews the retrofitting projects applied at national and international level. 

National Level Initiatives 

a.
Repair and Strengthening of Earthquake Damaged Houses in Maharashtra 
 

An earthquake of magnitude 6.4 on the Richter scale struck parts of Maharashtra and Karnataka on 30th September 1993, with its epicenter near village Killari in Latur district of Maharashtra. To have thermal comfort in the extreme hot climate of the region, the traditional practices was to construct very thick walls and roofs. The walls were constructed predominantly using locally available irregular/round shaped stones bounded with mud mortar. Roofs were made of timber planks resting on timber joists and which was covered with a very thick layer of mud. Timber posts provided support to the roof in many cases. Primarily, heavy roofs and walls of random rubble masonry caused extensive damages to rural construction. 
In view of colossal losses of buildings, massive reconstruction and rehabilitation project was launched in collaboration with Government of India, State of Maharashtra and World Bank. For development of manual for retrofitting of damaged building, an expert panel was constituted which included Dr. Svetlana N. Brzev, International Earthquake Consultant, Vancouver, Canada and Civil Engineering Faculty, IIT Pawai, India. The Manual prescribes cost effective technology for retrofitting of existing rural housing stock in simple, understandable manner. Manual comprises of five chapters. 
Chapter 1 discusses the seismic vulnerability of the Marathwada region, building practices and lessons learnt from the earthquake. Chapter 2 discusses construction practices for rural houses. It describes details of construction methods of foundation, walls and roof. It discusses the specification of seismic bands, lintel band and roof trusses. Chapter 3 describes seismic strengthening of houses in low rainfall areas. It covers descriptions of traditional construction practices, general poor features, retrofitting methods by eliminating the poor features or strengthening the existing structural elements. The guideline further illustrates detailed specification and procedure with the help of extensive illustration for corner strengthening, installation of various types of bands, external binding of masonry walls, installation of timber post, Knee bracing, diagonal and horizontal bracing for timber frame. Chapter 4 emphasizes on seismic strengthening in high rainfall areas, where the construction pattern is different from other region.  The region is having houses with high roof slopes. The region had experienced heavy damage. Most houses have used timber for various structural elements.  Based on the features diagonal or horizontal struts, knee bracing, timber roof connection, replacement of roof tiles, gable walls have been suggested in the form of detailed specification and procedure with the help of extensive illustration. Chapter 5 emphasizes on repair of earthquake damaged buildings. The chapter discusses the procedure for repair of damaged UCR stone masonry buildings. It describes detailed illustration, specification and process of repair of the damaged burnt brick or concrete block masonry walls. The procedure has also been detailed out for strengthening adobe or mud buildings. Repair and strengthening of tiled roof has also been discussed. Chapters 1, 3, 4 and 5 were prepared by Dr. Svetlana N. Brzev, international earthquake consultant and chapter 2 was prepared by faculty of IIT Bombay. The manual was widely used for the reconstruction and retrofitting of affected buildings in the region. 

This was a unique effort in the project of retrofitting, which was highly appreciated by national and international community. Since, the study area is closer to the Marathwada region; study area practices the same construction procedure. Present work had adopted the retrofitting procedure detailed out I this manual for developing the techno-managerial model. The details of the retrofitting techniques are discussed in chapter 7. 
b.
Jabalpur (BMTPC Part 1-3, 1998) 

The earthquake struck on May 22, 1997, which seriously affected the life and property causing extensive damage to houses and building types in the Jabalpur region of Madhya Pradesh. It was estimated that 33000 houses (BMTPC 1998) in urban areas and 24000 in rural areas in the affected region were damaged. To formulate technical recommendations for repair, restoration and seismic strengthening of damaged buildings, Building Material Promotion and Technology Council(BMTPC), Government of India under the guidance of Prof. A. S. Arya, has prepared and published “Guidelines for Damage Assessment and Post-Earthquake Action”, (1998).  This manual includes retrofitting of earthen houses with clay tile roofing, brick wall in mud mortar with Tile roofing and brick walls built in any mortar with Stone slab or RCC roofing. 
The guidelines has studied the damage pattern in detail and suggested retrofitting measures for each type of damage pattern. For Mud buildings, the guidelines provides the measures like installation of wooden seismic bands, if length of walls exceeds more than 5 m, provision of cross walls, repair of roofs and opening control. For damaged brick buildings, the measures include seismic bands, seismic belts, modification in opening sizes, repair of cracks, roof strengthening, etc. 
c. 
Gujarat Earthquake Rehabilitation (2001)2
Post Gujarat earthquake, Government of India and State Government of Gujarat initiated retrofitting of partially and slightly damaged buildings in and around Kutchh, Gujarat. Official document of Gujarat earthquake reconstruction and retrofitting policy spells out the strategy for recovery. The Government of Gujarat has supported the reconstruction of approximately 230,000 fully collapsed or demolished houses. The Government encouraged the application of different mechanisms for reconstruction, either individually or in combination. While homeowners remain the primary drivers of the reconstruction process, the actual reconstruction of houses were done through the partnership of NGOs, local artisans and homeowners, small contractors, or cooperatives.  The Government’s assistance was able to meet the need for house reconstruction for people below poverty line and low-income groups. The Government supported repair of more than 10,00,000 damaged houses. The Government used similar mechanisms for implementing tretrofitting as in the case  of full reconstruction. Homeowners could choose to repair and strengthen the house themselves or enter into an agreement with the NGOs or small contractors. On behalf of the homeowners or community, the Government released the assistance to the contracting party.

The details of retrofitting of residential engineered buildings may be referred at “Repair and strengthening guide for earthquake damaged low rise domestic buildings in Gujarat, India
” published in June 2001. The guideline emphasizes the precaution taken while retrofitting of the residential houses. The guidelines provide deep understanding about repair and strengthening of random rubble masonry buildings, cut stone masonry and RCC structures.  For random rubble masonry construction, wire mesh, wire reinforcement, reinforced seismic belt and splint & Bandage techniques are suggested. Provisions of linking old elements with new columns and beams have been suggested in the guidelines. Precautions regarding opening have been suggested. The guidelines also contains recommendations for RCC frame structures. 
d.
Kashmir-Pakistan Earthquake (2005)
Kashmir earthquake has witnessed massive loss of life and properties. Mostly non-engineered houses were damaged. However traditional, vernacular houses have performed satisfactorily. For damaged random rubble masonry and mud buildings introduction of through stone, splint bandage and strengthening of thick wall through reinforcement has been suggested. Ministry of Home Affairs, Government of India published guidelines “Guideline for Earthquake Resistant Reconstruction and New Construction of Masonry Building in Jammu and Kashmir” in 2005 for training engineers and personnel involved in reconstruction and retrofitting. The guidelines are based on building construction standards adopted in India, namely, IS: 4326 and IS: 13828 of 1993.
International Earthquake Retrofitting Initiatives 

Seismic Strengthening Method Adopted For North Yemen

The retrofitting schemes were launched for seismic strengthening of 2-storeyed stone buildings those were slightly damaged in North Yemen after December 1982 earthquakes (Coburn et. al. 1992). The suggested measures were surface bands on both faces of all external walls and cross ties in both directions. 

California Seismic Safety Programmes
California, USA is located to one of the major active seismic fault, which has triggered major earthquakes in past. In view of the situation California enacted
 a law that required local governments in Seismic Zone 4 to inventory unreinforced masonry (URM) buildings, establish a URM loss reduction program and report progress to the state by 1990. Each local government was allowed to tailor their program to their own specifications. 

California’s main effort to reduce these earthquake losses is the URM Law. Passed in 1986, this state law requires 365 local governments in the highest Seismic Zone 4 (ICBO, 1985) to follow three issues: 

· Inventory URM buildings within each jurisdiction 

· Establish loss reduction programs for URM buildings by 1990 however have been extended to 2009

· Report progress to the California Seismic Safety Commission 

As per the programme, four types of programmes have been introduced. These programmes are mandatory, voluntary, notification and other types. The details are given in table 3.1. 

87 percent of the unreinforced masonry buildings are in Mandatory Strengthening Programs. They have either been retrofitted or demolished compared to 13 to 31 percent in other less effective program types. These differences in rates demonstrate that Mandatory Strengthening Programs are considerably more effective than other program types. 

Voluntary Strengthening Programs have not been as effective because current economic incentives are typically not sufficient to create market-driven willingness to retrofit. The Commission has proposed additional retrofit incentives in its California Earthquake Loss Reduction Plan (CSSC, 2002). That plan recommends that state and local governments encourage economic incentives, such as improved mortgage terms, reduced insurance rates, and positive tax benefits, for upgrading structural and non-structural elements in buildings.”  

After enactment of the laws, 98 % of the existing URM buildings have initiated the loss reduction programmes. So far, about 70 percent of the owners have reduced earthquake risk by retrofitting following recognized building code or by other means. Through, significant progress has occurred, yet many URM programs are ineffective in reducing future earthquake losses. 

Table 3.1. Types of URM Loss Reduction Programs Ranked by General Effectiveness from Most to Least (CSSC, 1995) 
Source: Status of the Unreinforced Masonry Building Law, 2006
	S.No.
	Type of retrofitting
	Description

	1
	Mandatory Retrofitting
	These programs require owners to strengthen or otherwise reduce risks in their buildings within times prescribed by each local government. Time schedules vary and generally depend on the number of occupants. Programs are based upon the City of Los Angeles’ Division 88 ordinance (LA, 1981) which is also the historic basis for the Uniform Code For Building Conservation (UCBC) Appendix Chapter 1 (ICBO, 2001) and the Seismic Safety Commission’s Recommended Model Ordinance (CSSC, 1995). Triggers for the Model Ordinance were developed in 1991 in cooperation with the California Building Officials. This is the most effective program type.

	2
	Voluntary retrofitting
	These programs establish seismic retrofit standards and require owners to evaluate the seismic risks in their buildings. Owners then write publicly available letters to their local governments indicating when they intend to retrofit (CSSC, 1990). This type of program is somewhat more effective than Notification Only.  

	3
	Others types
	Variations of the other program types with unique requirements and ranges of effectiveness. (CSSC, 1995)

	4
	Notification only
	Local governments write letters to owners stating that their building type has been known to perform poorly in earthquakes. This is typically the least effective type of program. Most jurisdictions have adopted more comprehensive measures than this.


Initiatives of EERI and IAEE for Development of Retrofitting Technology 

Further Earthquake engineering research institute and International Association of Earthquake Engineering have initiated web based World Housing Encyclopedia, which describes the characteristics of buildings and provide earthquake retrofitting techniques across the globe. Few recommended measures are suggested below:

India 

Svetlana N. Brzev, Marjorie Greene, Ravi Sinha, 2002 have suggested retrofitting for rubble stone masonry walls with timber frame and timber roof for Indian construction type. The recommendation has been made for various seismic deficiencies like heavy  roof, deficient timber frame connections, thick multi-wythe walls without through-stones, poor wall connections, lack of integrity of load-bearing structure. The proposed retrofitting techniques includes removal of mud overlay, bracing of frame (knee /diagonal /horizontal brace), strengthening post-to-beam connections using timber or steel elements, installation of through-stones, strengthening of wall corners using wire mesh and cement overlay, installation of concrete ring beam (band) at the lintel/roof level etc. 

Peru

Marcial Blondet. 2004 has developed retrofitting techniques for adobe construction. As Peru has been prone to earthquake and large scale of damage has been reported in adobe and non engineered construction, he has suggested various measures for seismic strengthening. He has recommended an effective retrofit system consisting of straps made of woven nylon placed horizontally or vertically, forming loops around the entire building or around individual walls. Nylon cross-ties were added to hold these straps. Vertical steel rods drilled directly into the adobe walls were effective in delaying and limiting both the in plane and out-of-plane wall damage. Wood bond-beams or partial wood diaphragms were suggested to be placed for achieving integral participation of the walls.

Slovenia 

Marjana Lutman
, has described various practices for retrofitting for stone masonry buildings. She has suggested strengthening of such buildings by means of deep repointing and/or by systematically filling the voids with injected cement-based grout. Few other retrofitting techniques included installation of through stones, vertical and horizontal ties at various levels, integration of various building components and insertion of additional walls. 

America, Japan and Russia 

Chris
 Arnold has recommended retrofitting measured for timber construction. He has described retrofitting practices in US, Russia and Japan. He has suggested various low cost and feasible retrofitting techniques like inadequate framing-member connections are retrofitted with additional metal connectors as are the wall-to-foundation connections. For buildings with inadequate lateral systems, additional timber diagonal braces are installed, or plywood sheathing is added to the existing walls. Heavy tile roofs have been suggested to be changed to lighter weight materials. 

Recent Initiatives in Retrofitting Techniques 

Iran 

Mehrdad Mehrain et al., 2007 has described retrofitting of adobe or earthen construction for Iran.  Suggested techniques for typical adobe construction includes add reinforced concrete, or add rope stitching Strengthening procedures.

Honduras

Matthew A. French, 2007 has described retrofitting techniques for rural areas in the western regions of Honduras. In view of Inadequate connections to return walls, poor lintel embedment, and lack of face load strength for long walls reduces strength, he has recommended the provision for internal horizontal and vertical bamboo, in a similar fashion to reinforced concrete masonry walls, timber ring beams and alteration of plans. 

Pakistan 

Qaisar Ali, Taj Muhammad, 2007 have described retrofitting of Stone masonry residential buildings for Pakistan. They have suggested strengthening of buildings through insertion of timber and RCC columns. They have also suggested installation of horizontal and vertical beams.

El Salvador

Dominik Lang, Roberto Merlos, Lisa Holliday, Manuel A. Lopez M, 2007 have described retrofitting for time building “Vivienda de Bahareque” for El Salvador. The recommendations have been made for seismic deficiencies like heavy roof, weak roof construction, deterioration of wooden elements, rotten column bases, insufficient wall strength. Retrofitting suggestions includes substitution of heavy roof tiles by (corrugated) iron sheeting, tight connection to the walls; replace rotten wood elements, apply wood preservative, add (diagonal) bracing, additional horizontal struts, Use of lime-based plaster (also to protect the walls from humidity) and use of plaster reinforcement or lathing (e.g. barbed wire, wire netting) etc.
FEMA 306, 307 and 308 Initiatives for Retrofitting 

FEMA 306 & 307(1998) Evaluation of Earthquake Damaged Concrete and Masonry Wall Buildings, has been developed by Applied Technology Council. The document focuses on developing technically sound procedure for evaluation of effects of earthquake damage on buildings with primary lateral force resisting system consisting of concrete or masonry bearing walls or infill walls. The described procedures are based on knowledge derived from research and experience in earthquake engineering regarding the performance of buildings and their components. The document critically focuses on characteristics of concrete and masonry wall buildings, investigation of earthquake damage to reinforced concrete, unreinforced masonry etc. 

FEMA 308, Repair of Earthquake Damaged Concrete and Masonry Wall Buildings, 1998, discuss the procedures for repair and retrofitting of concrete and masonry buildings. This document comprises three major parts. First part discusses background material on repair of earthquake-damaged buildings, second part briefly reviews the performance-based damage evaluation procedures of FEMA 306. It also introduces a policy framework based on building performance parameters. Recommendations are offered to both public policy agencies and private-sector building owners to facilitate the use of the performance based framework. The third part discusses the implementation of repairs for various classes of building. 
3.9
Problems in Implementation of Retrofitting Projects

Various national and international projects executed for seismic retrofitting are studied in detail. While implementing the retrofitting programs, various problems may be encountered. It may range from political hurdles to lack of acceptance for retrofitting schemes. There are various problems in implementation of retrofitting programmes. Few are listed below:

· The earthquake retrofitting is based on regional seismic risk, the seismicity may change in due course. This requires, changes in retrofitting measures, thus resulting in increased cost.

·  The prototype retrofitting technique can not be adopted in most of the housing stock as the construction configuration changes from house to house. 

· There are limited guidelines and standard codes available for retrofitting of buildings. 

· As a part of earthquake safety preparedness, if government agrees to implement the retrofitting plan, there are chances to face the reluctance from the house owner. This happens because annual frequency of earthquake is very small when comparing the other hazards. For effective earthquake safety, it is necessary to create awareness before implementing any structural or non-structural mitigation measures.

· Priority for investment is the other constraint. In developing world, there are other unavoidable issues which can not be ignored like food, drinking water, housing, education, health, employment, pollution, ecological imbalance etc. there is a need to integrate retrofitting of buildings with above issues in implicit manner. 
3.10
Proposed Methodology for Earthquake Mitigation

It is concluded that the GOM 1998 will be the best to adopt the retrofitting measures as this particular guidelines deals with the similar geographical area and construction practices. Chapter 7 describes the procedure for retrofitting of buildings in study area. 
3.11
Conclusion
Various aspects of retrofitting including concept, objectives associated problems are discussed in this chapter. The strategies adopted at national and international level are studied in detail and gist is summarized, which focuses on type of building construction, associated damage typology and material required for strengthening. Since construction changes from building to building, so the retrofitting also changes. For applying the retrofitting on larger housing stock over large geographical area, there is a requirement of generalizing the retrofitting technique based on general construction configuration. The chapter provides general and specific practices carried out in various earthquake affected areas world wide. This has become the basis for understanding the needs and suggesting retrofitting techniques for the proposed research. Accordingly, present research utilizes best suited manual GOM(1998) and BIS codes for generating retrofitting schemes to develop detailed model for earthquake disaster mitigation and management. 
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