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in most parts of the developed world the building stock and the civil infrastructure are ageing and in constant need of maintenance repair and upgrading moreover in the light of
our current knowledge and of modern codes the majority of buildings stock and other types of structures in many parts of the world are substandard and deficient this is
especially so in earthquake prone regions as even there seismic design of structures is relatively recent in those regions the major part of the seismic threat to human life and
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property comes from old buildings due to the infrastructure s increasing decay frequently combined with the need for structural upgrading to meet more stringent design
requirements especially against seismic loads structural retrofitting is becoming more and more important and receives today considerable emphasis throughout the world in
response to this need a major part of the fib model code 2005 currently under development is being devoted to structural conservation and maintenance more importantly in
recognition of the importance of the seismic threat arising from existing substandard buildings the first standards for structural upgrading to be promoted by the international
engineering community and by regulatory authorities alike are for seismic rehabilitation of buildings this is the case for example of part 3 strengthening and repair of buildings of
eurocode 8 i e of the draft european standard for earthquake resistant design and which is the only one among the current 2003 set of 58 eurocodes attempting to address
the problem of structural upgrading it is also the case of the recent 2001 asce draft standard on seismic evaluation of existing buildings and of the 1996 law for promotion
of seismic strengthening of existing reinforced concrete structures in japan as noted in chapter 1 of this bulletin fib as ceb and fip did before has placed considerable emphasis on
assessment and rehabilitation of existing structures the present bulletin is a culmination of this effort in the special but very important field of seismic assessment and
rehabilitation it has been elaborated over a period of 4 years by task group 7 1 assessment and retrofit of existing structures of fib commission 7 seismic design a truly
international team of experts representing the expertise and experience of all the important seismic regions of the world in the course of its work the team had six plenary two
day meetings in january 1999 in pavia italy in august 1999 in raleigh north carolina in february 2000 in queenstown new zealand in july 2000 in patras greece in march 2001
in lausanne switzerland and in august 2001 in seattle washington in october 2002 the final draft of the bulletin was presented to public during the 1st fib congress in osaka
it was also there that it was approved by fib commission 7 seismic design the contents is structured into main chapters as follows 1 introduction 2 performance objectives and
system considerations 3 review of seismic assessment procedures 4 strength and deformation capacity of non seismically detailed components 5 seismic retrofitting techniques 6
probabilistic concepts and methods 7 case studies

summary available via the world wide as of 8 29 2002 from the bridge research and information center web site

this dissertation retrofitting of reinforced concrete coupling beams by bolted side steel plates for strength and deformability by yong zhu 朱勇 was obtained from the university
of hong kong pokfulam hong kong and is being sold pursuant to creative commons attribution 3 0 hong kong license the content of this dissertation has not been altered in any
way we have altered the formatting in order to facilitate the ease of printing and reading of the dissertation all rights not granted by the above license are retained by the
author abstract abstract of thesis entitled retrofitting of reinforced concrete coupling beams by bolted side steel plates for strength and deformability zhu yong for the
degree of doctor of philosophy at the university of hong kong in february 2006 modern cities like hong kong contain numerous old reinforced concrete rc buildings which often
require substantial strengthening retrofitting or refurbishment as the materials used in their construction age many local rc buildings were built three or four decades ago and
their concrete and reinforcement have already suffered serious deterioration due to carbonation and chloride attack major retrofitting is normally required for these buildings
furthermore several existing buildings designed according to outdated design standards are deficient in shear reinforcement and require substantial strengthening to increase
their safety margin a recent seismic hazard study has also revealed that hong kong is located in a region of low to moderate seismicity and the latest design standards include
increased load specifications many existing buildings were designed without any provision for earthquake resistance and are now considered structurally inadequate as a
result the limited deformability and energy dissipation of existing structures particularly their coupling beams have become a major concern for many local structural and
seismic engineers accordingly this study provides a theoretical base for the design of retrofitting of rc coupling beams and also establishes a fundamental framework for
further investigations of strengthening of rc structure using bolted steel plate in the first part of this thesis a simple procedure based on the displacement based approach has
been derived for the seismic assessment of existing rc buildings using this procedure the maximum seismic inter storey drift demand of buildings and the maximum chord rotation
demand of coupling beams with various span to depth ratios can be obtained easily in the next part an experimental study on full scale retrofitting of rc coupling beams using
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bolted side steel plates is reported the study revealed that external steel plate attachment by bolted connection could considerably enhance the strength deformability and
energy dissipation of rc coupling beams under reversed cyclic loads provided that appropriate connection details and arrangements were employed the effects of local slip of
mechanical bolt connections and buckling of steel plate could have a significant influence on the load carrying capacity and the inelastic behavior of the retrofitted coupling
beams detailed laboratory tests of dynamic set bolts and cast in bolts were then conducted to investigate the load slip behavior of the connection the initial stiffness of
dynamic set anchors was found to be much higher than that of cast in anchors and therefore dynamic set anchors were considered effective in controlling excessive bolt slips
the measured nonlinear slip relationships of various anchor bolts were used in a subsequent nonlinear finite element analysis and parametric study of the retrofitted beams a set
of guidelines with recommendations was drawn up for the design of anchor bolt arrangements two original theoretical models based on the rigid plastic and mixed analyses were
also developed to predict the load carrying ca

this book presents the fundamentals of strengthening and retrofitting approaches solutions and technologies for existing structures it addresses in detail specific techniques
for the strengthening of traditional constructions reinforced concrete buildings bridges and their foundations finally it discusses issues related to standards and economic
decision support tools for retrofitting

fib bulletin 35 is the first bulletin to publish documentation from an fib short course these courses are held worldwide and cover advanced knowledge of structural concrete
in general or specific topics they are organized by fib and given by internationally recognized experts in fib often supplemented with local experts active in fib they are based on
the knowledge and expertise from fib s ten commissions and nearly fifty task groups fib bulletin 35 presents the course materials developed for the short course retrofitting of
concrete structures through externally bonded frp with emphasis on seismic applications given in ankara and istanbul in june 2005 the course drew on expertise both from
outside turkey and from the large pool of local experts on this subject in most countries of the world the building stock is ageing and needs continuous maintenance or repair
moreover the majority of existing constructions are deficient in the light of current knowledge and design codes the problem of structural deficiency of existing constructions
is especially acute in seismic regions as even there seismic design of structures is relatively recent the direct and indirect costs of demolition and reconstruction of
structurally deficient constructions are often prohibitive furthermore they entail a substantial waste of natural resources and energy therefore structural retrofitting is
becoming increasingly widespread throughout the world externally bonded fibre reinforced polymers frps are rapidly becoming the technique of choice for structural
retrofitting they are cleaner and easier to apply than conventional retrofitting techniques reduce disruption to the occupancy and operation of the facility do not generate
debris or waste and reduce health and accident hazards at the construction site as well as noise and air pollution in the surroundings fib bulletin 35 gives state of the art
coverage of retrofitting through frps and presents relevant provisions from three recent standardisation milestones en 1998 3 2005 eurocode 8 design of structures for
earthquake resistance part 3 assessment and retrofitting of buildings the 2005 draft of the turkish seismic design code and the italian regulatory document cnr dt 200 04
instructions for design execution and control of strengthening interventions by means of fibre reinforced composites 2004

abstract an experimental study will be carried out to determine the suitability of green natural fiber reinforced polymer plates gnfrp manufactured with hemp fibers with the
purpose of using them as structural materials for the flexural strengthening of reinforced concrete rc beams four identical rc beams 96 inches long are tested for the
investigation three control beams and one test beam the first three beams are used as references one unreinforced one with one layer of carbon fiber reinforced polymer cfrp one
with two layers of cfrp and one with n layers of the proposed environmental friendly gnfrp plates the goal is to determine the number of gnfrp layers needed to match the
strength reached with one layer of cfrp and once matched assess if the system is less expensive than cfrp strengthening if this is the case this strengthening system could be an
alternative to the currently used expensive cfrp systems
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retrofitting of building structures including maintenance rehabilitation and strengthening is not only an important issue in urban construction and management but also a
frequent problem to structural engineers in property management disciplines based on the contributors hands on experience retrofitting design of building structures covers

the preservation of heritage architecture is a cultural objective rigorously pursued by communities and nations wishing to promote their history civilisation and aesthetic
achievements structures built in the remote past by traditional methods have suffered the consequences of extreme loading events such as earthquakes over long time periods
retrofitting is an approach based on recent technological developments and scientific knowledge whereby modern construction methods and materials are applied to the repair
and strengthening of historical structures this book aims to inform on current retrofitting techniques their application to various types of historical architecture and their
effectiveness to fulfil their purpose retrofitted structural forms covered in the book vary widely from age old places of worship such as churches mosques and temples as
well as castles and palaces to more modern distinguished private residences or public buildings some of them designed by well known architects their methods of construction
range from traditional such as stone or brick masonry to more recent textile block systems and even reinforced concrete frameworks reference is made to detailed visual
inspections of damaged structure providing valuable insight into possible causes of failure such inspections are usually combined with material characterisation which is an
essential input to numerical modelling for assessing the behaviour of the structure before and after retrofitting the book describes strengthening techniques for masonry walls
including re pointing injection grouting and the use of steel ties the use of reinforced concrete is proposed in the form of cast in place walls jackets or tie beams that of carbon
fibre reinforced laminates for strengthening walls and slabs innovative use of materials such as shape memory alloys self compacting concrete or thin lead layers is also
suggested particular attention is given to methods for moderating the consequences of destructive earthquakes seismic energy absorbing devices and base isolation systems are
two effective means of providing protection against future seismic events although their application is often met with many technical challenges in practice retrofitting of
heritage structures against earthquakes will be of interest to members of academic institutions government or private cultural preservation establishments and specialist
consultant engineers the book contains very practical technical advice on many issues this would be of considerable interest to construction companies specialising in repairs
and maintenance of historical structures
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