RETROFITTING OF BUILDING

INTRODUCTION OF RETROFITTING BUILDING

1 The aftermath of an earthquake maneifests great devastation due to unpretbisecic
motionstriking extensive damage to innumerableldings varyingdegree i.e. either
full or partial or slight.

1 Thisdamage to structures in its turn causes irreparable loss of life with anlamgeer of
casualites.

T As aresult frightened occupants may refuse to enter the building unless agsbeed
safety of the building from future earthquakes.

T It has been obseed that majority of such earthquake damaged buildingsbeastfely
resued, ithey converted into seisemically resistance turcturesnyyloying a few
retrofitting measures.

T This proves to be a better option catering to the economic consideratiomediate
shelter problems rather than replacement of buildings.

T Moreover it has often been seen that retrofitting of buildings is ge nenatly
Economicalas comparetb demolition and reconstruction even in casesevere
structuradamage.

1 Therefore seismicretrofitting of building structures is one of the most importaspects
for mitigating seismic hazards especially in earthqyaidoane countries.

1 Variosterms are associated to retrofotting with a marginal differnceRéqaair,
strengetheningetrofitting, rehabilitation, reconstructiaatc. but therds noconsensus on
them.

1 Theneed of seismic retrofitting of building arises under to circumstances:



1) Earthquake damaged buildings
2) Earthquake vulnerable buildintsat have not yet experienced severe

Earthquakes

The problems faced by a structural engineer in retrofitting earthquake damaged Building

A. Lack of standards for methods of retrofitting;

B. Effectivenes®f retrofitting techniques since tleers a considerabl@earth of experience

anddata on retrofitted stictures;

Absence of consensus on appropriate methods for the wide raRgeamfiete rike type
of structures, condition of materials, type @dmageAmountof damage, location of
damag significance of damagepnditionUnderwhich a damaged element can be

retrofitted etc.

CONCEPT OF VARIOUS TERMS ASSOCIATED WITH RETROFITTING

T

In the recent past several devastating earthquakes around the world have demonstrated
the lacunae iproper detailing of building structures aadentually the poorly detailed
structures have become the victim of distresses of different kinds.

During the postisaster mitigation stage, a survey is required to investigate the
conditions of the distresseduillling. Because of the vasvariety of the building
structures, the development of a general rule for retrofitting measure is déflmt

and to a large extent each structure must be approached as a strengthening problem on its
own merits.

It is ne@ssary to take a decision whether to demolish a distressed structure or to restore
the same for effective load carrying system. Many a times, the level of distress is such
that with minimum restoration measure the building structure can be brought bigsck to
normalcy and in such situation, restoration or retrofitting is preferred.

It is known that certain types of building structures and a few specific components of
these have repeatedly failed in earthquakes and are prime candidates for renovation and

stengthening. Some of these are:



1 Buildings with irregular configurations such as those with abrupt changes in stiffness,
large floor openings, very large floor heights. etc

0 Buildings or structures on sites prone to liquefaction

(i) Buildings with walls of wreinforced masonrywhich tend to crack and crumble
under severe ground motions.

(i)  Building with lack of ties between walls and floors or roofs

(iv)  Buildings with norductile concrete frames, where shear failure at bealommn
joints and column failures ar@mmon.

(v) Concrete buildings in which insufficient lengths of bar anchorage are used.

(vi)  Concrete buildings with flaslab framing, which can be severely affected by large

storey drifts.

The largest class of buildings in need of seismic upgrade-reioforced masonry buildings.
These structures account for the majority of-nesidential buildings and have certain problems
in common. These buildings are commonly marred with scars aftieing of powerful ground
excitations.
The retrofitting of building structures involve improving its performance in earthquakes through
one or more 0
1 increasing its strength and / or stiffness;
1 increasing its ductility;
1 reducing the input seismic loads
The beginning of a typical renovation resembles a medical checkup of -infiest
patient. An investigation of existing conditions is intended to determine the state of the
buildingds health to establish &redanbegnos i s
investigated in a variety of ways, depending on the type of structure, its apparent
condition and whether the original design drawings are available. Multilevel approach to
structural assessment of buildings is needed for a proper retrofitmmedse first level
is a preliminary assessment that includes review of existing construction documents, site
inspection, preliminary analysis of the structure and arrival at the preliminary

conclusions and recommendations. Depending on the resultsso$tdge, a second



level, involving a more detailed assessment that deals with the same tems in much more

detail, may or may not be required. The steps necessary are:

() Reviewing existing construction documents
(i) Field investigations

(i) Probing and exploratory demolition

(iv) Testing materials

(v) Analyzingexisting framing

(vi) Making an evaluation

(vii) Preparing a report of condition assessment

Material testing methods that involve removal and destruction of a portion of the member to
determine its properties are called destructive testing. Nondestructive testing does not alter the

member sé6 properties or affect the service of

Residential retrofit

For detailed information concerning retrofit of certain types common wood frame structures
OT exceeding two stories, see). For specific "permit ready" details as recommended by a

public agencydr simple lowrise construction.

Wood frame structure
Predominantly residential/dwelling in North America consisted of wiathe structure.

Wood is one of the best materials for esgismic construction since i is of low mass and is
relatively less brittle than masonry. It is easy to woithvand very cheap compareddther

odern material as steel and reinforced concrete. This is only resistant if the structure is



properly connected to its foundation and has adequate shear resistance, in modern
construction obtained by well connected scirig of panelsvith plywood or oriented strand
board in combination with exteri@tucca Steel strapping and sheet forms are also used to

connect elements securely.

Retrofit methods in oldewood framestructures may consist of the following, and other

methods not described here.

1 The lowest plate rails of walls are bolted to a continuous foundation, or held down with
rigid metal clips bolted to the foundation.

1 Selected vertical elements, especially at wall junctures and window and door openings
areattached securely to the sill plate.

1 Intwo story buildings using "western" style construction (walls are progressively erected
upon the lower story's upper diaphragm, unlike "eastbafibon framing, the upper
walls are connected to the lower walls wigmsion elements. In some cases, connections
may be extended vertically to include retention of certain roof elements.

1 Low cripple wallsare made shear resistant by adding plywood at the corners, and by
securing corners from opening with metal strappingxures.

1 Vertical posts may be restrained from jumping off of their footings.

Wooden framing is efficient when combined with masonry, if the structure is properly
designed. In Turkey, the traditional housBaghdadi are made with this technology.

Salvado wood and bamboo are used for residential construction.

Reinforced and unreinforced masonry

In many parts of developing countries such as Pakistan, Iran and China, unreinforced or in
some cases reinforced masonry is the predominantly form of structures for rural residential
and dwelling. Masonry was also a common construction form in the eatlpfpthe 20th
century, which implies that a substantial number of thegskatmasonry structures would

have significant heritage value. Masonry walls that are not reinforced are especially
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hazardous. Such structures may be more appropriate for replatcthae retrofit, but if the

walls are the principal load bearing elements in structures of modest size they may be
appropriately reinforced. It is especially important that floor and ceiling beams be securely
attached to the walls. Additional vertical papts in the form of steel or reinforced concrete

may be added.

In the western United States, much of what is seen as masonry is actually brick or stone
veneer. Current construction rules dictate the amoutieidfack required, which consist of
metal staps secured to vertical structural elements. These straps extend into mortar courses,

securing the veneer to the primary structure.

Older structures may not secure this sufficiently for seismic safety. A weakly secured veneer
in a house interior (sometas used to face a fireplace from floor to ceiling) can be especially
dangerous to occupants. Older masonry chimneys are also dangerous if they have substantial

vertical extension above the roof.

These are prone to breakage at the rooflne and may falltire house in a single large
piece. For retrofit, additional supports may be added or it may be better to simply remove the
extension and replace it with lighter materials, with special piping replacing the flue tile and
a wood structure replacing the soary. This may be matched against existing brickwork by

using very thin veneer (similar to a tile, but with the appearance of a brick).

RETROFITTING OF BUILDING STRUCTURES DAMAGED DUE TO
EARTHQUAKE

In the recent past several devastating earthquakes around the world have demonstrated the
lacunae in proper detailing of building structures and eventually the poorly detailed structures

have become the victim of distresses of different kinds.

During thepostdisaster mitigation stage, a survey is required to investigate the conditions of

the distressed building. Because of the vast variety of the building structures, the development



of a general rule for retrofitting measure is rather difficult and large extent each structure

must be approached as a strengthening problem on its own merits.

It is necessary to take a decision whether to demolish a distressed structure or to restore the
same for effective load carrying system. Many a times, the @&heistress is such that with
minimum restoration measure the building structure can be brought back to its normalcy and
in such situation, restoration or retrofitting is preferred.

It is known that certain types of building structures and a few spexifitgponents of these

have repeatedly failed in earthquakes and are prime candidates for renovation and

strengthening. Some ofthese are:

(1 Buildings with irregular configurations such as those with abrupt changes in stiffness
largefloor openings, very large floor heights etc.

(i) Buildings or structures on sites prone to liquefaction

(i)  Buildings with walls of urreinforced masonry, which tend to crack and crumble
under severe ground motions.

(iv)  Building with lack of ties between walls afidors or roofs

(V) Buildings with norductile concrete frames, where shear failure at bealommn
joints and column failures are common.

(vi)  Concrete buildings in which insufficient lengths of bar anchorage are used.

(vii)  Concrete buildings with flaslab framing,which can be severely affected by large

storey drifts.

The largest class of buildings in need of seismic upgrade -igioforced masonry
buildings. These structures account for the majority of-nesidential buildings and have
certain problemsn conrmon. These buildings are commonly marred with scars after a

string of powerful ground excitations.

The retrofitting of building structura@avolvesimproving its performance in earthquakes
through one or more of: (i) increasing its strength and / or stiffness; (ii) increasing its

ductility; (iii) reducing the input seismic loads.



The beginning of a typical renovation resembles a medical check ufrstfaime patient.

An investigation of existing conditions 1is
health to establish a diagnosis and to arrive at a prognosis. A structure can be investigated

in a variety of ways, depending on the type tricture, its apparent condition and

whether the original design drawings are available. Multilevel approach to structural
assessment of buildings is needed for a proper retrofit measure. The first level is a
preliminary assessment that includes reviewesmisting construction documents, site
inspection, preliminary analysis of the structure and arrival at the preliminary conclusions

and recommendations. Depending on the results of this stage, a second level, involving a
more detailed assessment that deatls the same items in much more detail, may or may

not be required. The steps necessary are:

() Reviewing existing construction documents
(i) Field investigations

(i) Probing and exploratory demolition

(iv) Testing materials

(v) Analysing exising framing

(vi) Making an evaluation

(vii) Preparing a report of condition assessment

Material testing methods that involve removal and destruction of a portion of the member to
determine its properties are called destructive testing. Nondestradiuggtdoes not alter the

member sé properties or affect the service of

NONDESTRUCTIVE TESTING OF CONCRETE

Existing concrete can be tested by the following nondestructive methods:
() Visual inspection
(i) Rebound hammer test

(i) Hammer strike



(iv) Impact echo test
(v) Ultrasonic pulse velocity test
(vi) Pull off test

(vii) Cover meters & rebar locators

DESTRUCTIVE TESTING OF CONCRETE

The existing structures are required to damage to the extent of taking out salrhp lésdlowing
are the tests carried out by destructive process

() Taking cores & compression testing

(i) Petro graphianalysis

(i) Rapid soluble chloride test

(iv) Tension test of reinforcing bars

NONDESTRUCTIVE TESTING OF STRUCTURAL STEEL

Existing steel structural elements can be tested by the following nondestructive methods to
determine the condition of steel members and their connections:

() Visual

(i) Ultrasonic testing

(i) Radiography

(iv) Magnetic particle test

(v) Liguid penetratdest

(vi) Hardness

2. Seismic retrofitting is the modification of existingstructuresto make them more

resistant teeismic activity ground motion, osoil failure due taearthquakesWith better



http://en.wikipedia.org/wiki/Built_environment
http://en.wikipedia.org/wiki/Seismology
http://en.wikipedia.org/wiki/Soil
http://en.wikipedia.org/wiki/Earthquake

understanding of seismmdemand on structures and with our recent experiences with
large earthquakes near urban centers, the need of seismic retrofitting is well
acknowledged. Prior to the introduction wibdern seismic codes the late 1960s for

developed countries (US, Japan etc.) and late 1970s for many other parts of the world
(Turkey, China etc 3!

3. many structures were designed without adequate detailing and reinforcement for seismic
protection. In view of the imminent problem, various research work has been carried out.
Furthermore, statef-the-art technical guidelines for seismic assessment, retrofit and
rehabilitation have been published around the werddich as the ASGBEI 412! and
the New Zealand Society for Earthquake Engineering (NZSEE)'s guid€lines.

4. Theretrofit techniques outlined here are also applicable for other natural hazards such as

tropical cyclones tornadoes and severewinds from thunderstorms Whilst current

practice of seismic it is similarly essential to reduce the hazards and losses from non
structural elements. It is also important to keep in mind thaé tiseno such thing as an

earthquakeproof structure, althougtseismic performancean be greatly enhanced

through proper initial design or subsequent modifications.

SEISMIC RETROFITTING OF REINFORCED CONCRETE BUILDINGS
USING TRADITIONAL AND INNOVATIVE TECHNIQUES

1 The seismic retrofitting of reinforced concrete buildings not designed to withstand
seismic action isonsidered. After brigy introducing how seismic action is described for
design purposes, methods for
Assessinghe seismic vulnerability of existing buildings are presented.

1 The traditional methods cfeismic retrofittingare reviewed and their weak points are
idertified. Modern methods and philosophies of
Seismicretrofitting, including base isolation and energy dissipation devices,

Are reviewed.


http://en.wikipedia.org/wiki/Built_environment
http://en.wikipedia.org/wiki/Seismic_retrofit#cite_note-Link2-1#cite_note-Link2-1
http://en.wikipedia.org/wiki/Seismic_retrofit#cite_note-Link3-2#cite_note-Link3-2
http://en.wikipedia.org/wiki/Retrofit
http://en.wikipedia.org/wiki/Tropical_cyclone
http://en.wikipedia.org/wiki/Tornado
http://en.wikipedia.org/wiki/Wind
http://en.wikipedia.org/wiki/Thunderstorm
http://en.wikipedia.org/wiki/Seismic_performance

The presentation is illustrated by case studies of actual buildings where traditional and
innovative retrofittingmethods have been applied.

Seismic retrofitting of constructions vulnerable to earthquakes is a current problem of
greatpolitical and social relevance. Most of the Italian building stock is vulnerable to
seismic action even if located areas that have long been considered of high seismic
hazard.

During the past thirty years moderate devere earthquakes have occurred in Italy at
intervals of 5 to 10 years. Suahvents have clearly shownettvulnerability of the
building stock in particular and of the built environment in general.

The seismichazard in the areas, where those earthquakes have occurred, has been known
for a long time because similar events that occurred in the past.

It is therefore legitimate to ask why constiocs vulnerable to earthquakes exibt
peopleand institutionknew of the seismic hazard. Several causay have contributed

to therationof sucha situation These are associated to historical events, fading memory,
reed, avarice, poverty and ignorancAmong historical events particularly relevant are
wars pandemics and natural disasters which mayimit, in a significant way, the
available resources of a country.

In such circumstances there is a tendetacipuild with poor materials and withbtoo

much attention to good construction techniques and safetgins.

A situation of this kind occurred in Italy and in Japan after the Second WorldaWidar
imilarsituationshave occurred in Italy many times in the past.

In such a situation it ipossible that thphenomenon of fading memory occurs guact
empriseis easily erased.

In ltaly commercial profits often result from the employment of poor material and
workmanship rather than of the optimal utilization of the production factors. The
depessing situation of poor qualigontrol and material acceptance also falls into this
framework, which, inmost cases, results only praperwork devoid of substantive value.

Marginal propensity to expenditure sometimes ensures thatleeewner prefers a



low quality product to save resources for more immediate needs.

1 Among causes arising from ignorance there may be both an inadequate knowledge of the
seismic hazard and design errors due to insufficient knowledge of the earthquake
problem;also the inability to correctly model the structural response to the seismic

action.

Techniques

Common seismic retrofitting techniques fall into several categories:

Ore of many "earthquake bolts" found throughout period houses in the city of Charleston
subsequent tdhe Charleston earthquakef 1886. They could be tightened armabdened to

support the house without having to otherwise demolish the house due to instability. The bolts

were directly loosely connected to the supporting frame of the house.

External posttensioning

The use of external podgensioning for newstructural systems hdseen developed in the past
decade. Under the PRESS (Precast Seismic Structural Systefasjescale U.S./Japan joint
research programinboundedposttensioning high strength steel tendons have been used to
achieve a momesesising system that has sedentering capacity. An extension of the same
idea for seismic retrofitting has been experimentally tested for seismic retrofit of California
bridges uder a Caltrans research projemtd for seismic retrofit of neductile reinforced

concrete framedPrestressing can increase the capacity of structural elements such as beam,
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column and bearnolumn joints. It should be noted that externalgtressing has been used for

structural upgrade forrgvity/live loading.

Active control system

Very tall buildings (5kyscrapery, when built using modern lightweight materials, might sway
uncomfortably (but not dangerously) in certain wind conditions. A solution to tbigem is to

include at some upper story a large mass, constrained, but free to move within a limited range,
and moving on some sort of bearing system such as an air cushion or hydraulic film. Hydraulic
pistons powered by electric pumps and accumulators, are actively driven to counter the wind
forces and natural resonances. These may also, if properly designed, be effective in controlling
excessive motionwith or without applied power in anearthquake. In general, though, modern
steel frame high rise buildings are not as subject to dangerous motion as are medium rise (eight
to tenstory) buildings, as the resonant period of a tall anassive building is longer than the

approximately one second shocks applied by an earthquake.

Adhoc addition of structural support/reinforcement

The most common form of seismic retrofit to lower buildings is adding strength to the existing
structure toresist seismic forces. The strengthening may be limited to connections between
existing building elements or it may involve adding primary resisting elements such as walls or

frames, particularly in the lower stories.

Connectionsbetween buildings and their expansion additions

Frequently, building additions will not be strongly connected to the existing structure, but simply
placed adjacent to it, with only minor continuity in flooring, siding, and roofing. As a result, the
additon may have a different resonant period than the original structure, and they may easily
detach from one another. The relative motion will then cause the two parts to collide, causing
severe structural damage. Proper construction will tie the two builchmgponents rigidly
together so that they behave as a single mass or employ dampers to expend the energy from

relative motion, with appropriate allowance for this motion.
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Exterior reinforcement of building

Exterior concrete columns

Historic buildings, madeof unreinforced masonry, may have culturally important interior
detailing or murals that should not be disturbed. In this case, the solution may be to add a number
of steel, reinforced concrete, or poststressed concrete columns to the exterior. Cargfahat

must be paid to the connections with other members such as footings, top plates, and roof
trusses.

Infill shear trusses

Shown here is an exterior shear reinforcement of a conventional reinforced concrete dormitory
building. In this casethere was sufficient vertical strength in the building columns and sufficient
shear strength in the lower stories that only limited shear reinforcement was required to make it
earthquake resistant for this location nearilayward fault
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Massive exterior structure

In other circumstances, far greater reinforcement is required. In the structure shown at right
0 a parking garage over shopsthe placement, detailingnd painting of the

reinforcement becomes itself an architectural embellishment

NONDESTRUCTIVE TESTING OF CONCRETE

Existing concrete can be tested by the following nondestructive methods:
() Visual inspection
(i) Rebound hammer test
(i) Hammer strike
(iv) Impact echo test
(v) Ultrasonic pulse velocity test
(vi) Pull off test

(vii) Cover meters & rebar locators

DESTRUCTIVE TESTING OF CONCRETE
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The existing structures are required to damage to the extent of taking out samples. The
following are the tests carried out by destructive process

() Taking cores & compression testing

(i) Petro graphi@analysis

(i) Rapid soluble chioride test

(iv) Tension test of reinforcing bars

NONDESTRUCTIVE TESTING OF STRUCTURAL STEEL
Existing steel structural elements can be tested by the following nondestructive methods to
determine the condition of steel members and their connections:

() Visual

(i) Ultrasonic testing

(i) Radiography

(iv) Magnetic particle test

(v) Liguid penetrateest

(vi) Hardness

DESTRUCTIVE TEST OF STRUCTURAL STEEL

Common destructive tests of structural steel are:
() Chemical test
(i) Bend test
(ii)) Tension test
(iv) CompressioOn test
(v) Chary Erodeand drop weight impact test
(vi) Fatigue test

Masonry is one of the oldest and most common construction materials. A typical masonry
Wallassembly consists of brick, block or stone unitsdsaitogether by mortar. It can also

include horizontal and vertical reinforcing, embedded anchors, plaster and insulation.



NONDESTRUCTIVE TESTING OF MASONRY
() Visual inspection
(ii) Surface hardness
(iii) Stress wave technique

(iv) Petrographicexamination

DESTRUCTIVE TESTING OF MASONRY

() Compressive strength test
(i) Modulus of elasticity
(i) Petro graphi@analysis

(iv) Moisture content test

RETROFITTING MEASURES
For retrofitting, there are no direct design guidelines, no codes, no standards and no practices for
strengthening technology. The solutions adopted are generally based on successful prior practice.

A few retrofitting measures are presented herein:

Renovating Steel framed buildings:

The need to reinforce existing steel beams by welding additional steel angles, channels or bars to
act compositely with the original sections is quite common. Often this could be the only way to
increase the load carrgrcapacity of the framing. Fig.1 shows the various ways of reinforcing

the existing beams. While reinforcing the existing beam in the process indicated in the figure, the
existing connection must be examined to ensure that they can carry the increamsegdolndate

reinforced beam.

Like beams, existing columns can also be reinforced by welding cover plates or other sections.
Columns need to have cover plates on both the flanges. Symmetrically placed reinforcing
members may reduce the overall slendernats of the combined section and make possible

higher allowable stress in compression than existed originally. It is desirable to remove as much



load from columns as possible before welding. For multistory structures, the effort of shoring

several flooranay not be cost effective and reinforcing them under stress may be inevitable.

Another peculiarity of reinforcing steel columns is a frequent need to fix deteriorated column
bases such as that shown in Fig.2. The basic approach for this kind of rejpashsre the

column, remove all the deteriorated material to sound material and weld or bolt the reinforcing to
the column, designing the connection for the full load minus the load to be carried by the

column, if any can be justified.

Another method ofmproving the load capacity of an existing steel beam is to make it act
compositely with the concrete floor it carries. In composite construction, the slab becomes a part
of the beam. In renovation, composite action can help substantially strengthe rstimg &dams

and increase their stiffness

Renovating Concrete structural elements:

It is often easier and quicker to add structural steel rather than concrete members because new
Concretebeams would require formwork and shoring and are difficutttidd with the slab in

place. To be effective, steel beams have to maintain deformational compatibility with the
concrete beams they are intended to help. The load will be distributed among the new and
existing beams in accordance with their relatngidities (El). Adding a steel channel on each

side of an existing concrete beam is a common solution that allows the channels to be attached to
the existing concrete columns. To share the load, the three beams can be interdolbyec

through bolting.

A different solution is shown in Fig.3b, where flexible steel channels fastened to the existing
concrete only at the ends are used. The intention is to relieve the existing concrete member of
some of the load by introducing upward forces into it. Thiacsomplished by deflecting the
beams downward a predetermined amount, by jacking them, or by wedging the space between

the underside of the slab and the beams.



In some cases, addition of steel beam may not be feasible from aesthetic considerations or
sonething else. The strengthening can be done with concrete section enlargement. This
procedure involves unloading the existing beam as much as possible, roughening its surface to
remove contaminants and to improve the bond, and placing new reinforced e@mncgboricrete

around the existing beam. Proper surface preparation and interconnection is critical to making
the system function as a composite whole and to prevelaitieation under load. The new and

old existing concrete sections can be tied togdilestirrups placed in horizontally drilled holes

in the web of the existing beam (Fig.4a), by short dowels placed in dinlladhesive anchors
(Fig.4b) or if strengthening is accompanied by a new floor overlay, by enngltge existing

beam.

If the existing beam lacks positive moment capacity, it can be reinforced in place by adding
structural steel tension plates or buwifi members bolted to the bearfihe welded tbracket

shown can be used if substantial additional steel area is needed. Hows\sra thassive design

and the new steel does not become effective until the concrete deforms under some additional

load.

Plates of fiber reinforced plastics (FRP) can be used instead of steel plates. The advantage with
FRP plate is the avoidance of colims problem, which is a problem for steel plates. FRP plates

are most popular in the retrofitting of bridges as FRP is resistant to corrosion caused by acids,
alkalis and salts. Both glass fiber reinforced plastic (GFRP) and carbon fiber reinforced plastic

(CFRP) are used for retrofitting purposes.

Large number of cracks of various sizes is generated in the concrete structures due to earthquake.
There are three basic methods of crack repair
epoxy injectono grouting, to O6stitchd the cracked co

and 6caulkd it with a flexible or semi rigid

Jacketing, pinning, stitching, strapping etc. are some of the methods of retrofitting distressed
structural elements. Pending on the types of distress and the importance of the structure an

appropriate type of retrofitting technigue is adopted.



Heritage structures need special sensitivity in retrofitting so as not to disfigure their appearnce
and many such buildings halbeen successfully strengthened in different countries. Heritage

buildings are often protected by statutory requirements, which make them difficult to deal with.
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SEISMIC RETROFIT OF HISTO RIC BUILDING STRUCTURES

9 Buildings with historic values are regional cultural assets worth preservingdeégn
technologies and building materials and methods that went inwridgi@al construction
of these buildings are often drastically different from tlemintemporarycounterparts,
their structural renovation or retrofit brings font@any technical challenges to the design
professional.

1 This paper provides general survey of the technical issues pertaining to the seismic
retrofit of historic buildings, and explores riaus design procedures and construction
methods forthat purpose, including innovative technologies such as post tensioning,
seismicisolation, composite wraps, etc.

1 Special attention is given to the typical structatilibutes of historic structures terms
of their structural stiffness, strength adhactility, how these parameters changed over the
years, reliable methodologieler evaluating these primary structural attributes, and
associated desigmplications for structural retrofit or hazard rgaitions.

1 Much of the discussiomms based on a combination of the perspective provisions in
building codes andlternative performance based approaches to meet the equilibrium,
straincompatibility, and energy dissipation criteria, while a considerablgiwes given
to factors that influence preserving pstnuctural elements of historiealue. A brief

summary on cost implications is also provided.

Overview

9 Buildings with historic value are regional cultural assets worth preserving. At times, they
alsorepresent a potential source of revenue and stimulus for the economical revitalization
of their neighborhoods. The factors used to classify a building as historic may vary in
differentcountries and cultures, so obviously not every aged building fallshistorical

or monumentatategory



A building is historic if it is at least 50 years old, and is listed ipaientially eligible for

the National Register of Historic Places and/or a state or local register sl ividual
structure, or as a contribugrstructure in a district.

In prevailing practice, oldestructures are demolished and replaced by modern buildings
due to economical and performameasons, unless they can be claimed historic.

The retrofit process is a general term that may consisd ehriety of treatments,
including: preservation, rehabilitation, restoration and reconstruction. Preseriation
defined as the process of applying measures to sustain the existing form, integrity, and
materials of a historic property.

Rehabilitation redrs to the process of creating new applicafioma property through
repair, alterations and additions while preserving those features wbinoley its
historical, cultural, or architectural values. Restoration is the process of accurately
restoring a prperty as it existed at a particular period of time.

Reconstruction is described as th&t of replicating a property at a specific period of
time. Selecting the appropriate treatmetiategy is a great challenge involved in the

retrofit process and mube determined individuallfor each project.

Depending on project objectives, preservation and renovation of historic buildings may
involve an array of diverse technical considerations, such as fire life safety, geotechnical
hazardsand remedies, weathag and water infiltration, structural performance under

earthquake andiind loads, etc.

Since the design methodology and building materials and methods that wetteinto
original construction of these buildings are often drastically different from their
contemporary counterparts, their structural renovation or retrofit brings forth many

technicalchallenges to A/E design professionals.



Evolution of building materials

1 Building materials have evolved gradually throughout the construction historyhand
pace othe evolution is accelerated throughout the past century.

1 Advancements in material engineeringd metallurgy, invention of plastics and fiber
reinforced composites, and innovationgpioduction and treatment of existing building
materialsare some of the major causes of old ammhtemporary building material
differences.

1 Improvements in conventional building materiatged both in historic and contemporary

structures are described as:

Masonry, stone, and adobe buildings

1 Bearing wall buitlings were the dominant type of structures till late years of nineteenth
century, when they were replaced by steel frame skeleton as the typical structural form in
largebuildings. In modern construction, masonry buildings are limited to certain building
types andgspecial locations.

1 Natural stone has not changed, while adobe or bricks have slightly evols#nger,
more durable building materials with consistent shapes and sizes. Design and
construction techniques for masonry buildings are improvedidiyg stronger mortar,
andreinforcements to provide more resistance and continuity.

91 Application of concrete filled blocks iglso a major improvement in building masonry

structures.

Wood and timber

1 Wood, as a natural building material, has not bselnjected to any major change, but
modern technology provides strength grading methods, wooden panel products,

preservatiorireatment process and wood protection.



Concrete

1 Concrete has been subjected to significant evolution during twentieth centurgvédpr
ingredients, quality control, preparing, and casting process offered stronger and more
durable concretes. Improvements in concrete technology, application of additives,
plasticizers, andmproved cements provide light weight, high strength, high workability,

shrinkage compensatiplow porosity, and fiber reinforced types of concrete.

Hot-rolled reinforcing steel
1 Reinforcing steel has evolved considerably regarding the material propentieshape.
Reinforcement bars initially had square crgsstions, high carbon content, and smooth
surface,where new ribbed, reinforcement bars with limited carbon content provide more

ductility andstronger bond between the steel reinforcement and e@ncr

Structural steel
1 Overall strength of structural steel was improved within past century (See Table 1).
Section dimensions and properties of steel shapes have also been changed and a number
of shapes are considered obsolete and they are no longercedodDifference in

strength, ductilityand weldability must be considered in the retrofit design process.

Practice and design concepts

1 Building codes have been constantly updated in past decades on the beesi® us
lessondearned from previous failes (especially earthquake related failures).

1 Advances incomputer programs and hardware have drastically changed the way we do
structural analysis andesign. As a rule, newer provisions tend to prescribe better
continuity for seismic loadinggrovide meoe redundancy in structural system, and they

exploit inelastic structural capacitiesabsorb and dissipate earthquake loads.

1 Such contemporary code requirements and engineering knowledge base were not
available to designers and builders at the tiris¢oric buildings were typically designed

and constructedwithout detailed assessment of the probabilistic magnitude of loading



(especiallyload cases related to wind or earthquake) or clear knowledge on structural

behavior.

Designmethodologies were sd quite limited in past days, when engineers were required
to performhand calculations with numerous estimations in the process. Older design

concepts required thatorking stresses remain within elastic limits.

Higher engineering approximations accamgedby older design concepts, resulted in
overdesigned structural members which do not necessmmjyove seismic behavior,

but they usually add to dead loads.

Older design concepts mostly focused on the effects of gravity loads and they did not
dediate enough attention to provide adequate lateral resistance and ductility. Most of
historic buildings provide limited ductility and continuity, especially when subjected to
seismic loading.Unreinforced bearing walls provide limited resistance againstalate

loading and a high potentiaf discontinuity at corners or connection to the roof.

It is very common to notice historizinforced concrete building with discontinued
flexural reinforcements, no transverseinforcement in beafoolumn joint zonesand
minimal confinement in columnsRetrofit process requires local modification of
components, minimizing structuratregularities (in mass and stiffness), structural
stiffening, structural strengthening, magsluction and seismic isolation to improve t
structural performance and comply with curreatiding codes (i.e. FEMA356, IBC2003,
UBC1997).

Performance objectives used for histonatrofit are similar to general objectives used in
the performance based engineering context,vatlt extra constints to preserving the

historic fabric along with the structure itself.

In most cases, the facade and fixtures are of historic value and preserving them requires

limiting deformation imposed by seismic loads. Limiting deformations is in contrast with



the newer design philosophies that exploit the structural ductility to reduce the required
strength. Inseismic retrofit of historic buildings both the global strength and stiffness

must be increased tinimize the deformation and damage to the histatri€.

Challengesof retrofitting historic fabric
1 Minimizing noise, disturbance, and damage to the surrounding buildings and providing
temporary shoring and support are typical challenges involved in most retrofit projects.
Depending on the extends odtrofitting, assessed risk, technical limitations, structural
historic value, and economical constraints, the preferred retrofit strategies are studied and
prioritized to preserve the authenticity of historic fabrication and minimize removal of

architectual material:

No penetration of building envelope
1 The process does not require any destructive procedure so the historic fabrication remains
untouched (e.g. composite wraps or chemical treatment).
1 This approach is only applicable w@ry limited cases Bce structural components are

mostly either embedded in or covered byfiheshing.

Penetration without breakage

1 The structural component subjected to retrofitting is accessible, and the retrofit process

only requires drilling holes (e.g. micro pilesoey injection, post tensioning).

Breakage with repair
1 In many cases, some destructive procedures are required to access the structural
component or to perform retrofit process (e.g. fixing and improving welded connections

or installation of basasolators.



Replace

1 In cases structural compone@nnotbe improved to meet retrofitting objectives or the
damage or deterioration could not be repaired, components are replaced. Replacement
processrequires special attention to providing support for the adsthe building,

isolating thecomponent, and maintaining continuity.

Rebuild

1 In cases a feasible retrofitting soluticmannot be found, the historic building is
reconstructed, partially or as a whole. This option imposes greater economical burden and
the loss of authenticity may have impacts on historic and cultural values.

1 Typically rehabilitation of historic buildings requires new structural members and
preservation of historic fabric sccomplished by hiding the new structural members or
by exposingthem as admittedly newe | e me nt s i n the buildingo
exposure of new structural members is prefefpedause alterations of this kind are
reversible and they could conceivably be undone at a ftitneewith no loss of historic
fabric tothe building.

Innovative technologies for historic preservation
1 Modern materials and equipment provide many retrofit options to improve the behavior

of structural system, global strength, stiffness or mitigate the seismic ha3ards. of

thecommonly usd technigues in retrofitting are listed below:

Post tensioning
1 Post tensioning is considered one of the potentially efficient retopfiion ns for
reinforced concreter masonry buildings, providing strength and ductility to the overall
structure withminimal intrusion. Masonry has a relatively large compressive strength but
only a low tensilestrength.
1 It is most effective in carrying gravity loads. Howeverplane shear andut of plane

lateral loads induce high levels of tensile stress also. Qorymthese induced tensile



Base

stresses exceed the compressive stresses and reinforcing (commonly with steel members)
mustbe added to provide the necessary strength and ductility.

The level of compressive stresses cansigificantly raised by podensionng the
reinforcing steel and the more brittle tensile failunesided.

Basically, a core hole is placed down through the masonry wall and -sthegigthsteel

rod (or tendon) is inserted. The bottom of the rod is anchored in the floor or foundation.

A jack is then used at the top of the wall to place high levels of tensile force in the rod.

isolation

Base isolators are used to decouple the building response from the ground motion and in
the event of a major earthquake, base isolation will greestiuce structural and
architecturatiamage, mostly by shifting the structure natural period

The two basic types oisolation systems that have been employed are elastomeric

bearings (using natural rubber mgoprene) and the sliders (Teflon and stairdggéssl).

Structural members and of the entire construction. Also, changes in service conditions,
often madearbitrarily, may lead to substantial changes in the strudberad viorresulting

in a degradation of thetructural response to the expected logdionditions.

Tthe basis of what has been presented so far, it is not surprising that in areas long known
to besubject to the seismic hazard it is not infrequent to find constructions vulnerable to

earthquakes.

Theseconstructions need to betrofitted to allow them to withstand the effects of the
earthquake grounohotion expected at the site considered. In the following sections some
procedures used for the evaluatiom the seismic resistance and vulnerability of
reinforced concrete buildgs will be described together withaditional and innovative

techniques of seismic retrofitting of the same structures.

The paper ends with description of the seismic retrofitting of two reinforced concrete

residential buildings in the village &baing, near Syracuse, in Sicily.



9 The buildings belong to the InstitufeutonomyCasePopularity(IACP) of SyracuseAs
will be clear from following arguments the aim of the paper is not to discuss in depth the

stateofthe-art of seismic retrofitting, butither to give a general overview.

1 The aim is also to focus on a fespecific procedures which may improve the state
the-art practice for the evaluation of seismiglnerability of existing reinforced concrete
buildings and for their seismic retrofity by means ofnnovative techniques such as

base isolation and energy dissipation.

SEISMIC ACTION
1 Seismic vulnerability is not an absolute concept but is strongly related to the event being
consideredThe same construction may not be vulnerable toodass of earthquakes and
yet be vulnerable tanother.
1 Therefore, before attempting a seismic vulnerability evaluation of a given construction,

theseismic action that will affect that construction must be fully specified.

1 All seismic codes specify theesmic action by means of one or more design spectra.
These are aynthetic and quantitative representation of the seismic action which, besides
depending on thecharacteristics of the ground motion, depends on some intrinsic
characteristics of the structusuch as th&undamental mode of vibration and its energy

dissipation capacity.

1 The elastic design spectrum depends on the vibration periods of the structure and on the
availabledamping. In Figure 1 the elastic spectruntafo code8 (CEN, 1998) is drawn
for three different valuesf damping. A new draft olEuro code8 (CEN, 2003) became
available in 2003, but is not being used heeeause some of theuro code8 material

relevant to the present work is still questionable ancdy@oerally accepted.



The value of the spectral pseudoceleration, corresponding to a vanishing small period,
correspondso the peak ground acceleration (PGA). In fact,Tier O the structure is rigid
and, therefore, subject the same acceleration d®&tground.

This acceleration, called the maximum effective ground acceleratidhGA, depends
directly on the seismic hazard at the construction site and acts as the anchoring
acceleration of the spectrum. This value is generally prescribed by sesdds as a

function of theseismic hazard at the construction site.

Furthermore, four regions may be identified for the elastic spectrum, each defined by a
lower andupper period. In the first region, @T OTB) , the spectral ordinates increase
linearly with the period; inthe secondTB OT OTC ), these are independent of the
period; in the third TC OT OTD) , the spectrabrdinates decrease rapidly with the
period, that is with the reciprocal of the peribeéccording toEuro codeB; and finallyin

the fourth regionTOTD) , they decrease even more rapidly, with teeiprocal of the
period squared according uro code8. More details on the elastic design spectrum
may be found in the seismic codes (CEN, 1998), in specialized publicationa tha
treatises ordynamics of structures and seismic engineering (Chopra, 2001; Clough and
Pension1993).

The separation period¥B, TC, TDdepend on seismological factors and on local site
conditions. For instancBuro codeB specifies them as a faion of three subsoil classes:
A (firm soil), B (medium soil), Cqoft soi)

In traditional seismic design the energy dissipation capacity of the structure deriving from
plastic Deformationsis generally considered. Including the inelastic resources of a
structure allows for a&Considerablereduction of the spectral ordinates in the design
spectrum. This reduction generally depeodghe available ductility and on the vibration

period. Euro code 8 considers.



i This reduction is mainlglependent on a faagteelated to ductility and it is described as
structurebehaviorfactor or simplystructure factor. Typical values of the structure factor
g may fall in the range 1 to 5 for reinforced concrstieictures (CEN, 199. As may be
seen from Figuréhe use ofhe inelastic resources of a structatiews for a considerable

reduction in the spectral ordinates and therefore in the design strength.

INNOVATIVE APPROACHES TO SEISMIC RETROFITTING
1 The main innovative methods of seismic retrofitting may be groupex tivg following
classes:
Astiffness reduction
ADuctility increase
ADamage controlled structures
AComposite materials
AAny suitable combination of the above methods

AActive control.

A For equal mass théé st i f fness reductiond produces
consequent reduction dhe seismic action and therefore of the seismic strength
demand. The stiffness reduction may be achiéyethe principle of springs in series
whereby the equivalent stiffnes$ two springs in series is smalldran either of the
single springs as shown in Figure 6.

A In general it may be assumed that base isolationspegial case of the stiffness
reduction approach. Although very effective, this method must be used wiica
of salt.

A Too low a stiffness may result in large displacements, especiallystueyr drifts,
which may conflict with the functioning of the building and cause damage te non
structural components.

A Therefore deformability checks are always a musttalmces in which this method
may not be effectivare the cases of long period structures or of stiff structures on
soft soils. In the first case the advantagased by a reasonable increase in period

may be negligible;



A In the second case the stiffn@ssluctionmay be counterproductive by leading to an
increase of spectral ordimadasti An app hDbD
be shown in some detalil in a further section.

A A 6ductility increased6 may b ercedcohcreeved | o
flexural as wellas compressed structural members. Although this method has a long
history, it may now be applied easiging new materials such fiser reinforced
polymers (FRP). These materials are distinguishable bypeeoffiber ard the most
common are denoted by CRP, GRP, ARP, indicating respectiigfprcement with

carbon (C), glass (G) amdramaic(A) fibers

EVALUATION OF SEISMIC RESISTANCE AND VULNERABILITY
1. Definition of SDOF Equivalent Systems

1 The seismic resistance armhnsequently, vulnerability of reinforced concrete constructions
may beevaluated by means of a procedure proposed within some documents of the Federal
EmergencyManagement Agency (BSSC, 1997a, 1997b). These documents have been
subsequently upgraded to ptandardlevel, FEMA 356 (BSSC, 2000); however, while
document FEMA 356 (BSSC, 2000) iigended to supersede document FEMA 273 (BSSC,
1997a), document FEMA 274 (BSSC, 1997nains the basic commentary also to the pre
standard. The FEMA procedure has hasodified by someesearch work carried out at the
University of Catania@livet et al., 2001).

1 The results that will b@btained within the present paper use the modified procedure. An
elasticplastic incremental analysis difie structure under the seig action is a necessary
prerequisite.

1 The seismic action is defined in termstbé forces corresponding to the first few modes of
vibration of the structure or in terms of tipseudo staticdforces prescribed by seismic
regulations.

1 The results of thencremental analysis come in the formstdrey forcedisplacement curves
commonly known as pustwver curves. On the basis of these curvesingledegreeof-

freedom (SDOF) equivalent system is defined.



Before describing the procedure in some detail &pgropriate to notice that the procedure
may beused for the evaluation of the seismic resistance of existing buildings as well as that
of new ones (in thdesign stage). As such the procedure may also be used for the evaluation
of the effectiveness of sanic retrofitting projectsshows a reinforced concrete building
before and after retrofitting accordirtg the stiffness and resistance increment concept.
Besides demonstrating the type of retrofitting systeimich has been used in this case, the
picturesillustrate the complexity of the structure on which theremental analysis must be
performed.

Further details on the procedure used for the design of the retrofitting systems for a class of
buildingsof the type shown in Figure 10 may be founddifivet and Decennia(1998). For

the sake of clarity should be noted that the building in Figure 10 was retrofitted in the early
nineties, before the FEMprocedures became available and before the subsequent studies by
the senior author and his-emrkers.

The building is shown here to provide an example of seismic retrofitting by increase of
resistance andtiffness and to illustrate the complexity of systems on which qoush
analyses must be performed.

This is the reason why the pusiver analysis desityed below was not performed on this
building but on dour storey building described in detail@livet et al.

The storey forcalisplacement (pusbaver) curves have been constructed using commercial
andresearch computer programs.

The use of commercigdrograms has been undertaken in otdeensurea quick transfer of

the research results to the seismic engineering profession. More details and the relevant
literature may be found @livetet al. (2001).

The analyses have been performed along twagahaldirections roughly corresponding to

the axes of symmetry of the plan of the building; in fact the chdseations were those of

the corresponding first modes of vibration of the building.

The analyses havgeen performed, using approximationsaléeed in detail inOlivet et al.
(2001), on 3D models of thruildings considered.

The results of the pusbveranalysesHere the storey foredisplacemenCurvesare shown

for each of thestoreyof the building considered, together with the work perfedrbythe

storey forces as functions of the base shear of the building. Because the floors are considered



as rigid for in-plane strains and the building is nearly symmetrical, any floor point may be
considered in theonstruction of the storey foradisplacement curves

1 For each step of the incremental (pushoegsticplastic analysis the storey forces are
known and the corresponding floor displacementsaleulated.

1 The analysis is stopped when the first plastic hinge breaks, on the assumptibistlesids
to a stress redistribution and subsequent plastic hinge failures as in a chain reaction. The
displacement of theSDOF equivalent system is evaluated on the basis of the work
equivalence.

1 The equivalence is establishedincremental as well as global terms. The shaded area in
Figure isthe sunof the shaded areas

1 The work equivalence defined above is not limitedsyonmetrical buildings with iplane
rigid floor slabs, but can be established for any structural system.

1 A mathematical equivalence for general mdkigreeof-freedom (MDOF) systems may be
found inOlivet.
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1 The graph irdefines the equivalent SDOF system of the building in terms of base shear and
the corresponding displacement as established by using work equivalence. Perhaps it may be
worth noticing at this point that the base shear coeffic@nt 0.12. is ararbitrarily chosen

value of the ratio between the base shear force and the weight of the buildingnte tve O



OCb OChb,c with Cb,c = 0.125 being the collapse base shear coefficient. Given the Wiight
of the building, to eacb there corresponds a specibhase shear force asgecific storey
forces ab=0.12.

1 Obviously the equivalent SDOF system should be defined for the two principal directions of
the building. Therefore at least two equivalent SDOF systeithe form shown in Figure

must beevaluated for each building according to the previously outlined procedure.
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2. Seismic Resistance in Terms of Effective Peak Ground Accelei@t (PGA)

1 The characteristics of the forghsplacement curve of the equivalent SDOF system are used
to establish the seismic resistance of the building in terms of the effective PGA. For this
somepreliminary considerations relating to the design spectamah to the interaction

between the spectral ordinates dhe PGA are required. This intetmm is clearly.



The first operation that must be performed on the equivalent SDOF system is the substitution
of the continuous no4linear curve with a biinearone. Of the two linear segments, the first

one is consideredlastic while the second is elaspitastic with hardening. The substitution

is achieved by using the wodquivalence and the condition that the second linear segment

should be tangent to thetaal curve at poinC.

In this way three characteristic points are identifiédY andC, two of which belong to the
original system, that i& @ndC, and two belong to the new one, thatvignd C. PointC
corresponds, at the samene, to the maximum base shear and to the corresponding

equivalent deformation.

The valueCb,c of the base shear coefficient corresponding to pdntlefines one of the
unknown parameters in Equation (dPoint Y, corresponding to the vertex of the linear
system, is related to the definition of the effectlastic stiffness of the equivalent SDOF

system. As shown in Figure 14, this may be evaluated as:

2.1 A Note on the Spectral Shape Functioh(Teff ,S,6)

T

The spectral shape functiér{Teff ,Se ) appearing in Equation (9) has different expressions
for the elastic and the inelastic design spectra in the range of péFi@$C according to
Eurocode 8 (CEN1998). In the same range of periods, relevant literature suggests using the
samespectrakhape for elastic and inelasiiehavior

For the sake of simplicity the elastic spectral shape of EuroBobas been used in the

following numerical applications.

Seismic Resistance and Vulnerability

|l

The seismic resistance defined in terms edfective PGA by means of Equation (9)
represents aneasure of the maximum ground motion that a building can withstand at the

threshold of collapse.



1 Itisinteresting to compare this value with the corresponding value that the seismic regulation
prescriles forthe construction site. By denoting the latter wétdyc the relative seismic

resistance may be defined as:

Application to Buildings in the Village of Soaring

1 The procedure described in the previous-settions has been applied to two almost
identical buildingsin the village ofSoaringof the province of Syracuse.

1 The relevant results of the puskieranalyzesand other properties of theuilding The
meaning of thesymbols is the same as introduced in-Sebtion2 above.

1 The ductility rato was evaluated with the refined timed proposed by Marlettand Olivet

and is somewhat smaller than tfsue predicted by Equation.

1 According to present seismic regulations the building site is in an area of medium seismic
hazard andocal site conditios may be classified as Type A according to Eurocode 8. For
research purposes trenalysis has also been repeated for the zones of low and high
seismicity and for the soil conditions dypes B and C, thus covering the complete spectrum

of seismicity and iee conditions covered.

1 The results in terms of relative seismisistanceThe regional seismibazard is specified in
Italy in terms of effective PGA as follows: PGA = 0g3for the areas of higheismic hazard,
PGA = 0.2% for the areas of mediuseismic hazard, and PGA = Odlfor the areas olbw
seismic hazard. Just recently a fourth area of minimal seismic hazard has been proposed with
PGA = 0.0%).

1 From an examination of Table 2 it appears that the building would be vulnerable to the
designeathquake independently of local soil conditions if located in a zone of high or

medium seismic hazard.

1 Ifthe building were situated in a zone of low seismic hazard it would be able to withstand the

designseismic action only on firm soil, that is Type A soil condition. From the same table it



may be seen that theansverse direction is the one with less seismic resistance. The same

results in terms of seismiailnerability.

1 Provides a vulnerability indefor the building with reference to the design earthquake. The
606 value shows that the building is not
building has neseismic resistance. Intermediate situations have an obvious meaning. Data on

seismic ovetresistance hasot been shown because it was available in just one case.

SEISMIC RETROFITTING BY STIFFNESS REDUCTION

1 The buildings owned by IACP of Syracuse in the village Suflar no, the seismic
vulnerability ofwhich has been evaluated in the previgastion, have been considered for
seismic retrofitting by meamd stiffness reduction, and one o&tbriginal buildings .

i The IACP buildings inSolar noseemed to invite the designer to retrofit by stiffness
reduction. In fact, by looking at the originfaundations it was clear how easy it would be to
support the building, to cut the shodlumns between the foundation and the first floor slab,
and to insert the devices that would ensurestlitness reduction. Also, a detailed geological
study confimed the rocky nature of the foundation stlius excluding high long period
components in the expected ground motion and confirming Class éoswiition according

The devices for stiffness reduction as used in the preasat

1 As may be seen from gire 18 the building is supported by 12 elastomeric beariioys-
friction bearings. The elastomeric bearings, commonly known as seismic isolators, besides

the stiffness reduction, introduce also a significant energy dissipation capacity.

1 Thelow frictionbearings, which could rightly be called seismic isolators, have the function
of transmitting verticaloads to the foundation, while limiting any possible horizontal action
to the bare minimumPreliminary investigations on materials and structurainoers have
shown an excessiveeformability at local and global levels, so much so that the structure

would not have been safe undgavity and seismic loads even after the stiffness reduction.



For this reason a further retrofitting action hlasen undertaken to reduce this high

deformability. The ppposed design.

Fig. " Foundations of an IACP buildingSolar no

1 The building stiffening by thimeinforced concrete walls, of thickness 15 cm, allows not only
for an improvement of the vertical load carrying capacity and for the deformability
limitation, but also for anuch better behaviour of the stiffness reduction mechanism and of

the entire builéhg.



1 It should benoticed here that the inserted reinforced concrete walls stiffen and strengthen
only the superstructurevhile the overall stiffness is essentially determined by the base
isolation system.

9 Therefore the overalsystem, while attractingoWwer seismic forces, is better suited to
withstand the seismic forces affecting theperstructure with wettontrolled interstorey
drifts

Resistance and Vulnerability

1 The resistance analysis conducted with the previously outlined procedupeodased the
results.

1 The force distribution used in the pueher analyses was again that correspondinthé¢o
first vibration mode in the direction considered, which in displacement terms is practically
constantwith all displacement occurring at thevéd of the base isolation bearings and the

building essentiallypehaving as a rigid body.

1 For the three classes of seismic hazard considered in Italy, the results based on solil
conditions ofType A, that is the soil condition existing at the construcsde and best

suited for retrofitting by théase isolation, are shown.

1 Besides the results referring to the building retrofitted with walls and isol@ereted by
SR+W, the symbols indicating stiffness reduction plus walls), those referring twigheal
building are given for comparison along with those of the hypothetical building strengthened

by thepresence of the walls.

1 Itis evident that the retrofitted building has an esesistance for all the classes s&ismic

hazard, which is obviougldecreasing as the level of seismic hazard increases.



Overall thebuilding strengthened only with thin walls would be safe only in the areas of low
seismic hazard. Theituation shown in Table 4 in terms of seismic resistance is reconsidered

in terms ofvulnerability andin terms of overesistance.

Major earthquakes have indicated that the seismic retrofit of existing buildimgsessary
because the buildings may fail to satisfy the latest seismic design provisions. paptéis a
novel seismic reofit plan with rocking walls and steel dampers for a multistory steel

reinforced concrete frame is proposed.

The following two aspects form the primary focusThe possibility of weak story failure of

the existing SRC frame should be eliminated.

The difficulty suppressing the unintended weak story failure in frame structures is evident
frombuilding damages in historic and recent earthquakes, despite various implementations of
thewi dely accept ewle afks tlreoanngdo cod ruocrdgsiin of framet he s «
structures Instead of a strength hierarchy between beams and columns, the dffect
continuous columns on reducing the story drift concentration has been exte asagiyed

for steel frames.

These attempts may lead to an effective smriufor suppressing the weak story mechanism
in frames. 2) Damage to the existing frame shoulsnbemized. The SRC frame presented
herein was designed and constructed during thelRf®s before the major revision of the
seismic code in Japan in 1981hwh was mainlya consequencef the 198 M7.1
Miyagikenoki earthquake.

As suggested by the damagbserved in the M7.3 Kobe earthquake 1995, SRC frames

designed and constructed in aldys usually lack deformability to accommodate damages

The above concerns, a rocking wall system adeveloped to enhance the seismic
performance of the existing SRC frame. Rocking walls are global vertical components that

are strong and stiff and have sufficient rotating capacity at the bottom.



=

They are responsibker controlling the deformation pattern along the height of the structure
to reduce the storgrift concentration. Rocking walls need to be firmly connected to the rest
of the structure taensure that the lateral fokean be transmittedConcentratedsertical

deformation that forms when the structure deforms laterally.

| t expmected that most of the energy dissipations as well as damages will be concentrated in
the energy dissipating devices to minimize damage to the rest of the strudthee.

advantagesf rocking wall systems have been explorecklwnaraetal.

Theypressed several precast concrete wall panels together wittepsgintendons to form
a rocking wall. Marriot et al [12] introduced steel dampers at the bottatreadcking wall

to increase the energy dissipation capacity.

The first applications of eocking wall system were in a newly buiksfory office building

and in the rehabilitation afn existing 6story RCmomentresisting frame.

The rocking wall system to be introducedtims paper differs from the previous studias

the following aspects: 1) the rocking interface between rocking walls and their foundations
replaced by explicit pin bearings to avoid unfavorable impact at both corners of the wall by
placing steel dampsgron both sides of the rocking wall, enemdgsipation is distributed
along the height of the rocking wall, rather than being concenti@téde bottom, which
permits more energy dissipation devices to be used in the strusiyst@im to greatly

increasetheenergy dissipation capacity

The posttensioning of theocking walls is only responsible for increasing the crack strength

of the rocking walls, rathéhan providing any selfentering capacity to the system.

On the one hand, it is thought thé&e strength and stiffness of the rocking wall is much
more important than its sedfenteringcapacity, and on the other hand, anchoring the- post
tension tendon on the wall instead ofthe foundations considerably reduces the cost of

strengthening the fodations.



SeismicRetrofit of G3 Building in India Tech

1 The G3 Building is an X&tory steel reinforced concrete frame structure orbStiukakedai
campus of the Tokyo Institute @echnology.

1 As mentionedabove, it was designed and constructed beforenth@r revision of the
seismic code of Japamd it has already been occupied for more 30 years. As concluded by a
recent seismienspection, there is an urgent need to strengthen the structure, especially in its

longitudinaldirection.

Retrofit plan

1 The north view of the retrofitted G3 Building. During the retrofit, thailding remained
occupied because most of the construction was done from outsideiltheg.

1 The structural plan of the G3 Building before and after retrofittirigere are several ath
multi-story concrete buildings on the same campus with sirmdafigurations to that of the
G3 Building.

1 A common feather is that there are several siddgg the perimeter of the building. This
feather makes it easier to implement the rockirdl system. For the G3 Building, 6 pieces
of posttensioned concrete walls with pin bearirgthe bottom were installed in the existing
slots and firmly connected to the existing frameeath floor level by horizontal trusses.
Shear steel dampers were ingdlin the gaps betweetie rocking walls and adjacent
existing SRC columns as well as between the rocking &atlsthe added transverse walls at
both ends. Main components of the rocking wall system

1 the posttensioned concrete walls, the steel damyeend, the bottom pin bearings, are visible
from outside the building; thus people can see them and appreciate the engineering solution.
The seismic behavior of the retrofitted G3 building is different from that shear wall
frame structure and a momemsisting frame. Noecommendations for tleeismic design of
such a structural system are available yet.

1 Nevertheless, several bastciteria regarding the expected seismic performance of the

retrofitted structures are meiirst, the postensioned rocking walls should remain elastic,



even if the structure subjected to major earthquakes, such as the Leegakihquake in the
design

In other words, the rocking walls should not yield or crack, which may significanplgir
their stiffness. Second, the story drift ratio of the structure should remain b&06® during

a major earthquake.

This requirement is very strict compared with curregismic codes for reinforced concrete
structures. However, it is believed neagsin thecurrent case considering the fact that the
existing SRC frame is built before 1981, anddigormability might be rather poor. Lastly,
steel dampers at different levels of the structlreuld be proportioned such that the energy

dissipation isas evenly distributed along theight of the building as possible.

Bearing in mind these concepts, nonlinear time history analysis are carriedded¢iimine
the earthquake action on each part of the structure and to evaluate the gedonimance.
In the following, these key components are described in detail.




Post tensioned concrete walls

)l

Because the rocking walls are responsible for controlling the deformation pattern of the
structure, it is expected that their stiffness and strecegttbe retained even under a major
earthquake. All 6 pieces of pettnsioned concrete walls have identical cresstions with a
width of 4300mm ad a depth of 600mm

The total cross section are&the rocking walls at each story is about 50% to 61%atfof
the existing SRC columrfeom the bottom to the top story. Concrete with a nominal
compressive strength of 36MPaused. Each rocking wall is pgressed by 6 units of pest
tensioned tendons to increasecitacking strength. Each tendon unit qomes 30 strands of
12.7mm.

The initial prestress foeach rocking wall is 22500kN, and the corresponding control stress
is about 68% of ithominal tensile strength. The resultant effectivegiress is over
18000kN for each rockingall.

Connections for rocking walls

|l

Rocking walls are connected to the foundation and the existing structure. Cast iron pin

bearings are installed at the bottom of the rocking walls.



1 Details and a photo of the completaghring are shown in Figure 5. It waesigned to resist

large shear force while permitting thall to rotate freely around its base.

1 The cast iron bearing consists of two separ&eth shaped pieces (the lower and the upper
piece), which interlock with several teeth andeparated stogp in the middle to prevent

displacement in the owtf-plane direction of thevall.

1 The teeth in the lower piece are 20mm longer than those in the upper @neat®a small

gap, and their tips are filleted to allow for rotations of the upper piece.

9 Castrockingwall Rockingiron NCN490 withnominalyield strength of no less than 325MPa

was used for the bearings.

1 Itshould also be noted that thecking walls have little effect on the fundamental peaod

the maximum basgheerforce of the existig structure.

1 As a result, the foundation wofkr the rocking walls is not excessive, and the shear demand

for the pin bearing is not vetgrge.

1 Rocking walls are connected to the existing structures by the horizontal trusses f#fdarach

level in the slots of the existing structure behind the rocking walls.

1 It can be seen ifrigure 7 that the horizontal trusses are firmly connected to the existing
structures by anchdrolts. Steel shear keys are used to connect the horizontal truss and the

rockingwall to permitthe rocking walls to rotate while transmitting the lateral force.

Shear steel damper

1 Shear steel dampers are installed on both sides of the rocking walls. Low yieHL&@2b
with a nominal yield strengtlof 225MPa was used for the émsteel web of thelamper,
which functions as the energy dissipater and is constrained by transverse rib spating
of 250 mm. The web heigtit was 312 mm for all the dampers, and the lemhgtlaried from



750 mm to 1500 mm. Figure 8 shows details amdhoto of a completed stegdmper with a
web length of 1500 mm. The cyclic loading test of the steel dampers shatthie nominal
strength of the damper can be satisfactorily retained up to 9% shearwtrigim,is about 58
times the yield shear straof the damper.

1 The nominal strength of thdamper is calculated by multiplying the steel nominal shear
strength (taken as and theoss section area of the web [15]. Tdeformationof 750 mm
steel damper at the end of tiest as well as its hysteresa®p is shown in Figure 9. Most of

the earthquake input energyeigpected to be dissipated by these dampers

Seismic performance assessment

1 Nonlinear time history analysis was carried out to assess the seismic performance of the
structurebefore andafter the retrofit. Two ground motion records, NGB and JMAKobe
NS, are usednd their acceleration time histories are depicted.

1 The peakground acceleration® GA) and peak ground velocities (PGV) are listed in Table
1. Theygenerally represent aevel Il earthquake ground motion in the seismic design

practice inJapan, i.e. PGV=50cm/s.

1 Two-dimensional membeloy-member finite element models are built in ABAQUS 628.
fiber-based beam element is used to model the existing SRC frame, adutkfiset uniaxial

materials were used for concrete fibers and steel fibers.

1 The behavior of the stedampers waglealized as an elastmerfectly plastic model, and the
rocking walls wereassumed to remain elastic through the analysis. The maximum story drift
ratios of thestructure before and after the retrofit under the above ground motions are shown
in Figure 12.t is obvious that theeformation of the structure is significantly reduced and is

below thel/200 criteria under both ground motions after beetgpfitted.



1 Furthermore, theleformations in different stories are much more evenly distributed along
the height of thestructure, which indicates that the damage is spread throughout the structure
so that excessivdamage is not concentrated in a lopart of the structure, which could

cause prematurilure of the whole structure

SEISMIC RETROFIT OF EXISTING BUILDINGS

1 GENERAL i History has shown that light, wood-frame residential buildings with specific
structural weaknesses in their original construction are susceptible to severe damage from
earthquakes. The most common structural weaknesses are: 1) absence of proper
connection between the exterior walls and the foundation (i.e., anchor bolts), 2) inadequate
bracing of cripple walls between the foundation and first floor, and 3) discontinuous or
inadequate foundations below the exterior walls. (Comoro & Levin, 1982) (Steenburgen,
1990) Unreinforced masonry chimneys and poorly reinforced or tied reinforced masonry
chimneys are also a communed in the scope of this document, since reduction of chimney
vulnerability through pointing of mortar and bracing is not typically considered cost-effective
particularly if the risks to life can be controlled by other means. For example, ATC
recommends adding plywood above the ceiling framing to reduce the chances of falling
masonry from penetrating through the ceiling (ATC, 2002).

9 Curtailing the occupancy and frequent use of property within the falling radius of chimneys is
also an effective way of minimizing the risk of casualties. ATC recommends replacement of
upper portions of damaged chimneys with light-framed construction rather than diagonal
bracing.

Purposei

1 In contrast to other earthquake retrofit guidelines and codes, the provisions of this
chapter are not strictly designed for life safety protection. These provisions are, in fact,
expected to reduce property damage, reduce the number of uninhabitable dwellings
after earthquakes and avoid the increased public assistance expenditures to repair

damage and provide temporary housing (ABAG, 1999).



1 These provisions do not guarantee that strengthened structures will not be damaged.
However, it is anticipated that costly damage to the vulnerable parts of dwellings below

the first floor will be greatly reduced.

1 These requirements have not been established or calibrated using Performance Based
Earthquake Engineering, so there is no intent to state or imply a performance objective

or range particularly since vdnbrabisties thatengghti r e me nt

exi st above the first floor of dwellings.

generally ex pected to meet a Life Safety perfor ma

However, other parts of the building may exceed or perform less than this objective

requires.

1 Analysis and design of strengthening for other structural or nonstructural components
not addressed by these provisions must be performed in accordance with Section 301.3
Alternative Design Procedures.

Scopei

T APrescr i pt lhesegmvisions applsto gpecific conditions and must be used in
precisely the manner described. "Prescriptive" also means determined in advance,
without the need for case-specific analysis or design.

1 Through the use of these provisions and the accompanying details, the dwelling owner
or contractor can develop plans without the services of a Design Professional (Civil
Engineer, Structural Engineer or Architect). However, the use of other materials,
proprietary systems or methods not shown by the figures and details within this
Chapter, may require the services of a Design Professional.

1 The provisions are intended to deal with specific earthquake weaknesses. Therefore,
the work that is being done is structural in nature and requires submitting plans and
obtaining a building permit. The weaknesses that these provisions address are listed in
Section 303.

1 It should be clearly understood that the application of these provisions is limited
because the provisions are not suitable to use for strengthening hotels, motels or large



multi-unit apartments since they are typically larger structures that require engineered
retrofits by licensed design professionals.

Also excluded are dwellings built with cripple walls with studs taller than 4 feet in any
location, dwellings that have columns or poles embedded in the ground as their
foundation system, and buildings exceeding 3 stories or any 3 story building with cripple
wall studs exceeding 14 inches in height. Each of these types of buildings presents

unique conditions that preclude the use of prescriptive criteria to strengthen them.

The four feet cripple wall stud height limits the amount of overturning in braced crippled
walls with lengths defined in Figure A3-10. When the height of the wall studs exceeds
four feet, the owner will need to have the bracing designed by an engineer or architect.
Conventional construction provisions in the IBC Section 2308.12.4 state that cripple
walls with studs exceeding 14 inches in height are to be considered as first story walls
for the purpose of determining bracing. However, the bracing layout requirements in

these provisions are provided according to the number of stories abo\e the cripple wall.

ltems 3 and 4 in the Exception to Section 301.2 refer to the cripple stud height. The
parameter H, represented in Figure 3-7, is greater than the stud height and is not used

in these provisions.

The building official is allowed to also exclude other residential buildings that these
provisions would otherwise apply to if they have vertical or horizontal irregularities or

other features not considered by these prescriptive standards.

Very few dwellings are rectangular in plan, and U- T- or L-shaped plans aren't
necessarily problems in conventional construction with wood diaphragms. However,
split-level dwellings, hillside dwellings, or structures where the upper level exterior walls
are horizontally offset from the line of the lower story exterior walls may be determined
by the building official to be beyond the scope of these provisions. It is recommended
that the owner or contractor consult with the authority having jurisdiction before

beginning work to determine if these provisions can be applied.



Observations after past earthquakes have shown that cripple walls with substantially
varying heights, as at sloping or stepped foundations, suffer more damage than cripple
walls of constant height (SEAOSC, 2002). Most of the forces go to the shorter, stiffer
portions of the cripple wall. For multi-story buildings with more than a 2 to 1 height ratio
between the tallest and shortest cripple wall bracing panels, it is recommended that the
sheathed panel lengths be engineered along the wall lines in question.

The provisions of this Chapter are intended for uses in high seismic regions (Section
301.2). Still, for dwellings within 10 km of major active faults (Ss > 1.5) it is
recommended that the panel lengths be engineered to account for potentially more
severe ground motions in the design earthquake, since these provisions do not account
for near source ground motions. Other structural weaknesses that may exist that are

located above the first floor are also beyond the scope of this chapter.

Situations that require analysis and design by a Design Professional or consultation with
the Building Department prior to beginning any work include but are not limited to
buildings with full-height stone veneer walls due to their added weight, and dwellings
built on hillsides where cripple wall heights vary substantially. Also excluded from these
provisions are buildings or portions of buildings constructed on concrete slabs-on-grade.

These dwellings do not have cripple stud walls and typically would not lack bracing.
These buildings may have wall anchorage deficiencies, and the provisions for wall
anchorage of cripple wall buildings apply equally well to these structures. However,
retrofit of these structures would require removal of wall finishes and may not be as

cost-effective as retrofitting those buildings with crawl spaces.

Also, while sliding of dwellings on slab-on-grade foundations has occasionally occurred
in past earthquakes, it has not caused widespread economic and habitation losses in
past earthquakes. Dwellings with stem walls (reinforced concrete or masonry foundation
walls that project above the ground to the underside of the first floor framing ) will
experience substantial damage if the welling slides off the foundation, and anchorage
of these structures should be considered as falling in the scope.



1 A majority of dwellings constructed in California prior to 1950 were unanchored. The
Uniform Building Code did not begin to specify anchorage until its 1946 Edition (SEAOC
1995), however most local governments did not uniformly adopt such model codes
promptly after their publ i cation unt il t he dwallings weted 700 s .
constructed with inadequate cripple wall bracing in the 1970s and even later particularly
where model codes were not enforced. Dwellings often used horizontal wood siding or

stucco as wall sheathing material.

1 Owners of older dwellings should examine the exterior walls from within the crawl space
under the first floor to determine if the sill plates are bolted to the foundation, the bolt
size and spacing complies with the Building Code or Table 3-A and if exterior finishes
are applied over wall sheathing materials with adequate strength such as plywood, OSB
or diagonal sheathing. Most dwellings constructed after 1950 were anchored to their

foundations.

1 However, even in high seismic regions , cripple wall bracing now considered inadequate
was in common use in the 197006s and 19800s.

Alternative Design Procedures

1 Section 301.3 purposely omits the commonly used statement that the design must
comply with all the requirements of the Building Code because complete code
compliance is often not feasible with respect to existing buildings. For example, Design
Professionals should not be expected to rigorously address issues such as the stiffness
variations in existing flooring systems due to differences in the type or thickness of the
flooring. It does, however, state that any strengthening designed by the Design
Professional should at least be equivalent in terms of strength, deflection and capacity
to that provided by the prescriptive methods. The Building Official is allowed to require
Design Professionals to provide substantiating structural calculations or test data to

confirm this equivalence.

9 This 75 percent factor applied to Building Code design forces accounts in a general way
for differences between current design criteria and the less conservative criteria that

were likely in effect when the dwelling was originally designed and built. If owners



prefer, they can elect to use a greater horizontal force in order to lessen potential
damage from future earthquakes.

DEFINITIONS

1 Throughout this chapter there are references to "the Building Code. " This term

generally refers to the current edition of the International Building Code (IBC) or the
jurisdiction's governing code. Before using this document to determine the amount of
strengthening that may be required, consult with the local building department to
confirm the appropriateness of using these definitions.

The definitions provided in this chapter are for terms that are not defined in the
governing Building Codes. Other terms defined in the Building Code also apply to this
chapter but are not repeated.

STRUCTURAL WEAKNESSES

1 This section provides criteria that allow owners AND CONTRACTORS to evaluate

dwellings The Building Code provisions are essentially reproduced in the figures and
tables of this chapter.

The structural weaknesses listed in this section might not be the only weaknesses that
will lead to structural damage when the building is subjected to earthquake forces.

They are, however, the most common and most cost effective to strengthen and

represent those that can be addressed by prescriptive, no engineered provisions.

Approved Foundation System.

1 Some older dwellings do not have a foundation system. Instead, the wall sill plate, and

much of the floor framing, is supported directly on the ground.



1 When subjected to earthquake induced lateral and vertical forces, these structures can
easily move because they are not anchored. Fungus, water, and insect damage are also
common in unapproved foundations.

1 This movement can result in a variety of structural and nonstructural damage including
broken gas and utility lines that can lead to -fires. Further, these structures are highly
susceptible to both fungus infection and insect infestation due to inadequate wood to
earth separation. Wood deterioration caused by this inadequacy has significantly

contributed to the damage resulting from earthquakes.

Pier Foundation System.

1 Many dwellings have continuous cripple walls and foundations around their perimeter
and wood posts on isolated concreteystprdd f oot
under the interior of the dwelling. Such a system is not necessarily deficient.

1T However, i f a systpro ®rms thenfalndation dor the dwelling perimeter
walls, this is considered a structural weakness because of the lack of stiff walls below
the first floor. T

1 his deficient foundation system is found in some older dwellings, including Victorian era
structures, and buildings in areas where soil moisture is high. The posts and floor
framing members of this system are usually interconnected with simple toenailed
connections with no bracing between the posts.

1 This weakness is compounded when a lack of connection occurs between the posts and
the small concrete pads which act as footings. Failures in this foundation system during
earthquakes occur at the underside of the floor framing, and may lead to partial collapse
of the structure.

1 Providing diagonal bracing members between the posts does not solve the problem.
Each post would then need to be adequately connected to a foundation system.

Typically, the existing footing pads are too small to make the necessary connections.



1 Therefore, simply providing bracing between the posts only moves the point of failure
from the top of the post to the bottom of the post at the footing pad. For these buildings,
bracing, anchorage and provision of additional footings may be required. Some post and
pier type structures may be considered as historic buildings.

9 Care needs to be taken when performing strengthening work so the historic nature of the
building is not destroyed. Many jurisdictions have adopted specific requirements for
historical buildings such as those in Chapter 10 of the IEBC. If a dwelling utilizes this
type of system and might be considered an historic building, consult with the building

department before beginning any strengthening work.
Non-Continuous Perimeter Foundation Systems.

1 Another deficiency is found in dwellings that do not have a continuous perimeter
foundation. However, there are many variations of partial foundations, and some do not
represent a significant weakness.

1 When applying these provisions to an existing building the intent is to reduce the
potential for damage to habitable portions of structures.

1 Therefore, the standards include two exceptions to the requirement for continuous
perimeter foundations.

Unreinforced Masonry Perimeter Foundation.

1 A perimeter foundation constructed of unreinforced masonry is assumed to lack the
necessary strength to resist earthquake forces.

1 These systems are common in many older dwellings built before codes were adopted in
high seismic regions and may also exist in newer dwellings where codes have not been
enforced. When subjected to earthquakes these systems are easily damaged, allowing
the building to shift off foundations. Section 304.2.2 requires analysis of unreinforced
masonry foundations by either an architect or an engineer.

Inadequate Sill Plate Anchorage.



1 While sliding between an unanchored sill plate and the foundation can occur, it is
actually one of the more rare sources of damage. However, it is still important that sill
plate anchorage be present in order to complete the lateral force path.

1 Bracing cripple walls without bolting the sill plate to the foundation simply moves the
weak link to the interface of the sill and the foundation. Compliance with either Tables 3-
A and B or the Building Code is acceptable.

Inadequate Cripple Wall Bracing.

1 Past earthquakes have shown that the most common cause of major damage in
dwellings is due to poorly braced cripple walls. (LA, 1994) In high seismic regions, the
following cripple wall bracing methods are gypsum board, fiberboard, particleboard, lath
and plaster, or gypsum sheathing boards are acceptable materials for bracing single
story dwellings, and wood structural panels and diagonal wood sheathing are acceptable
materials for bracing multi-story dwellings. For additional information and connection
requirements for these materials.

1 A common and very weak type of cripple wall can be found in older buildings
constructed with horizontal, exterior wood siding.

T Thi s type of siding, and itos nailing
associated with nearby moderate or major earthquakes. Recent earthquakes have also
shown that "let-in" diagonal bracing does not adequately brace cripple walls.

9 Let-in braces are usually nominal 1" thick and placed in a notch cut into the face of the
stud. Let-in braces are no longer permitted as an acceptable bracing method in IBC for

buildings located in regions where strong earthquakes are expected to occur.



Let-in braces should not be confused with diagonal wood sheathing. Diagonal wood
sheathing, which is acceptable by these provisions, is composed of individual boards

nominally 1" thick, laid diagonally across the face of the stud wall.

These boards are laid next to one another covering the entire width and length of the
wall extending from the top plate to the sill plate. If the cripple walls are covered with
diagonal sheathing, the wall is adequately braced, provided the boards are nailed to

each stud they cross and to the top and bottom plates.

Adequate nailing consists of three 8-penny nails at each stud and the ends. If the boards
or the studs are spilit, or if the end nails are too close to the ends of the sheathing, this

system can be deficient.

The most effective cripple wall bracing system that significantly reduces the risk of
damage is wood structural.

If the dwelling has plywood sheathing as an exterior finish check for nails spaced no
more than 6 inches apart along all the edges of each sheet. If adequate nailing is not
present, comply with the nailing requirements of this Chapter.

Exterior plywood siding with vertical grooves (referred to as T1-11) can have another
serious deficiency. At the edges where two adjacent panels adjoin, each panel must be
nailed to the wall stud with a separate row of nails.

These sheets have fAlipso so that they overl ap

A common, improper construction practices providing only one row of nails through both
sheets (at the overlap). This creates a weakness as the plywood thickness is only one-
half of its normal thickness at the overlap, and only half the number of nails is provided.
Such practice led to failures in the 1984 Morgan Hill (California) Earthquake. In all cases
where nailing is exposed to the elements, it is recommended that hot-dip galvanized
nails be used. A dwelling with existing Portland cement plaster (stucco) as the exterior

finish might not have its cripple walls adequately braced by this material.



1 Stucco has been a recognized bracing material for a number of years but it is only as
good as the connection of the lath to the studs and plates. Many dwellings with stucco
applied directly over the studs without plywood or diagonal sheathing under the stucco
experienced serious damage in the 1994 Northridge Earthquake (LA, 1994)(NAHB,
1994). In high seismic regions, most often this failure was due to inadequate attachment
of the lath to the bottom sill plate (LA, 1994). Through the years there have been various
lath systems used for installing stucco. Stucco is normally applied in three coats (7/8
inch total thickness).

1 When subjected to high loads it can fail in diagonal tension represented by diagonal
cracks. To increase the tension capacity, stucco is reinforced with wire lath. This
reinforcing does not keep the stucco from cracking but helps prevent cracks from
opening. Consequently, existing stucco containing diagonal cracks must be carefully
evaluated.

STRENGTHENING REQUIREMENTS

Scopei

1 Use of materials, proprietary systems or methods not shown by the figures and details
within this chapter requires the services of a Design Professional. Where a dwelling has
an unusual or irregular configuration or unusual features, the services of an engineer or
architects to design a strengthening program utilizing the alternate procedures of Section
301.3 is required.

1 The Building Official may require a pre-design special inspection as described in A304.5
and C304.5 to determine which portions of the work require the services of a Design
Professional. CUREE recommends a number of enhancements to these provisions that
are currently under consideration by the SEAOC Existing Buildings Committee, the East
Bay Chapter of the International Code Council and other.



Condition of Existing Wood Materials

1 Damage commonly known as frdming exposed to dampneassoc c ur
or to water leakage. Termite infestation is another cause of damage to wood members.
All buildings being strengthened where damage is suspected should have a thorough
inspection but only those elements affected by retrofit need to be checked.

T I'f not repaired, fAdry r ot {latesnstidspasdsvbod sidnghage ¢ a

and have a substanti al aepoeseteearthgubkksect on a bu

1 Even dwellings without dry rot or termite damage may have weaknesses due to poor
construction quality. For example, insufficient nailing of plywood, OSB or diagonal
sheathing will result in a structure that is unable to resist the forces imposed during

earthquakes.

1 Simply repairing the weaknesses will not be adequate if the condition of the existing
wood framing members to be utilized is in doubt. Consequently, it is recommended that
the exposed wood be thoroughly inspected to ensur e t hat which is F
strengthening wor ko 1 s i ncoganaeplits, cheaksd(@racks)o n . Me n
or knots affecting the ability of the member to resist earthquake forces must be

strengthened or replaced.

1 Existing wood members showing evidence of fungus infection, commonly referred to as
dry rot, or evidence of insect infestation must be removed and replaced. Fungus

remains active even after the affected area is treated.

9 Fungus infection can be found by probing the wood members with a sharp object like a
knife or awl. If the probe easily penetrates the wood, the member might have fungus
infection. Sound wood will be difficult to probe. In some cases the fungus infection will
be found only inside the member because rot may affect the wood from the inside and
progress outward. By the time it is noticeable on the surface as staining or softening,
t he wo od 0 mayalreadyebe gignificantly degraded.

1 Thus it is important to perform probing and visual observations prior to and during
construction. In these cases, probing with a sharp tool will not always locate the

infection (see Figure 2.).



1 This concealed condition may be encountered when drilling for new sill anchors. If the
drill suddenly moves through the wood, a pocket of fungus infection is likely to have
been encountered. The portion of the sill plate containing the infection will need to be
cut out and replaced with a new piece of sill plate.

1 The new sill plate must be anchored in accordance with Tables 3-A and 3-B. When

replacing pieces of sill plate, pressure treated lumber will need to be used to protect the
new member from fungus infection.

G gk 5 b Fungus infection on
Existing cripple é/ surface of stud. Can be

stud wall. probed with a sharp tool.

Existing foundation

sill plate. — Fungus infection can be

found inside a member such
as a sill plate without being
noticed on the surface. Most
likely will not be found by
probing with a sharp tool.

_/ Ground level

Existing foundation
wall.

FIGURE NO. 2 - LOCATING FUNGUS INFECTION

1 Fungus growth occurs where wood is made continually or repeatedly damp, by a leaking
plumbing pipe, or by repeated saturation and drying from an exterior wall that leaks

during rains. Simply removing and replacing infected wood will not necessarily prevent
the fungus infection from recurring.



1

It is important to find the cause of the leak, repair it, and allow the remaining wood to dry.
Repairs will involve tracing a water stain or the actual water to a leaky pipe or fitting or

other source.

It is usually more difficult to trace a leak in the exterior wall covering. Hand held moisture
detectors could be used to locate moisture intrusion. Spraying the exterior of the
residence with a high-pressure hose and then using the moisture detector on the inside
surface of exterior walls can locate defective flashing or torn paper backing behind the

stucco.

A common area to check for leaks through the wall is at building corners. Evidence of
the infection may be found in other members that are not involved in the strengthening
work. It is recommended that other members should also be replaced and the source of
the wetness eliminated by appropriate repairs. Insect infestation, on the other hand,
stops damaging the wood once the infestation has been stopped. Consequently, a
member that has been significantly damaged by insects does not need to be removed if

it can be strengthened.

The easiest method of strengthening is to add a new member next to the damaged

member.

Unfortunately, there are no clear guidelines to indicate when insect damage requires
strengthening. This determination must be based on judgment gained through

experience.

Prior to removing sill plates or studs for repair due to fungal or infestation mage,
temporary shoring must be installed.

The design of this shoring must be carefully planned by a qualified Design Professional
with shoring design experience and installed by a contractor with shoring experience.



Floor Joists Not Parallel To Foundations i

1 For these strengthening procedures to be effective there must be a continuous
horizontal load path from the exterior walls to the foundation.

1 Where floor joists are perpendicular to a cripple wall, or frame into the cripple wall at an
angle, existing rim joists (or blocking) need to be connected to either the foundation sill

plate (if there are no cripple stud walls) or the top plate of the cripple wall.

1 When reviewing existing construction, if there is a connection between the rim joist and
the plate that meets the nailing requirements of this section, such a connection may be

considered adequate for this link in the load path.

1  Where these connections do not exist, new connections must be made. Rim joists will
need to be toe-nailed with 8 penny 2-1/2" long common nails, spaced 6 inches apart,
through the joist into the plate. Blocking will need to be toe nailed. Use of proprietary
products for these connections might be easier than toe nailing.

1 When approved by the building official, these connections may be made by using
products with current Evaluation Reports by an independent testing authority. Because
the forces in a single-story structure are relatively small, it is not necessary to verify
these connections if the blocking or rim joists are present.

1 In multi-story buildings, the connections between the foundation and the blocking or rim
joists must be verified. When these requirements are not met or cannot be verified, the
provisions of this Chapter apply. In some cases, existing construction may not include a

rim joist or blocking.

1 In other cases the members are smaller in width than a nominal 2 inches (1-1/2 inches).
In these cases, either a new nominal 2-inch wide full-depth joist or blocking, or one of
the methods described in the Chapter may be used to provide the load path from the
floor to the sill plate or cripple wall.

1 In addition to providing a load path link, the rim joist or blocking provides rotational

restraint for the ends of the floor joists.



Floor Joists Parallel To Foundations 1

1 Where floor joists are parallel to a cripple wall, the same load path concept applies as
with joists perpendicular to foundations. In this condition, the end floor joist must occur
over the foundation wall or cripple wall and be connected.

1 I this member is not connected to the plate, it will need to be toe nailed with 8 penny
common nails spaces at 6" apart or with equivalent approved hardware. This connection
need only be verified for multi-story building, for which seismic forces are larger.

1 If an end joist in a multi-story building is not connected to the sill plate on top of the
foundation, or this connection cannot be determined, the end joist may be connected to
the sill plate with sheet metal angles (proprietary hardware is available). Where
clearances do not permit installation of this angle, an alternate method using _-inch
plywood attached to the foundation plate or cripple wall top plate and to the underside of
the flooring. may be used.

1 Recommend deleting most of this paragraph, as it merely restates the provisions.

x Foundations

o New perimeter Foundations

U Foundation Evaluation By An Engineer or Architect

1 It might not be economical to replace existing partial perimeter foundations or
unreinforced masonry foundations. In order to determine if existing foundation

systems are adequate, an engineer or an architect would evaluate both the



condition of the system as well as its ability to resist the prescribed forces. This
analysis would be limited to the foundation system only.
9 It other strengthening is to be performed, it must comply with the prescriptive

provisions of this chapter.

Details for New Perimeter Foundations

1 The first three weaknesses listed in Section 303 involve buildings without complete
foundation systems. These conditions will be resolved by installing a new concrete or
masonry foundation system around the perimeter of the dwelling. It is the intent of these
provisions that all new foundations meet the current minimum standards of the Building
Code.

1 Although the Building Code sometimes allows plain concrete foundations for one- and
two-family dwellings, standard construction practice is to provide nominal horizontal
reinforcing. Reinforcing is often required where the soil is expansive. These provisions,
therefore, require reinforcing of all new concrete foundations with a minimum of one No.

4 reinforcing bar in the top and bottom.

1 The Building Code has specific provisions for minimum clearance under the structure for
both access and ventilation. Occasionally, older construction did not provide the
clearances that are required today. It is not the intent of these provisions to require

current code clearance when a new foundation must be installed.

9 To require excavation or raising the building would be extremely difficult and costly and
will not improve its resistance to earthquakes.

1 If substantial fungal or insect infestation has occurred in the past, the owner may want to
consider measures to prevent future damage. In some cases, remedial work will be
required per Section 304.1.2. An existing partial concrete foundation (weakness type 3 in
Section 303) may be replaced or it may be evaluated by a Design Professional to

determine if it can perform in a manner equivalent to a continuous foundation.



1 An existing unreinforced masonry or stone foundation (weakness type 4) may be
replaced with a new foundation that complies with the Building Code or it may be
evaluated per Section 304.2.2. Replacement might be uneconomical or aesthetically
displeasing. A well maintained unreinforced masonry foundation might be adequate to
support a building for normal vertical loads, but its strength and ability to brace the
building during earthquakes should be evaluated.

1 If the existing unreinforced masonry foundation is not used to resist earthquake forces, a
new foundation bracing system may be provided that is independent of the existing
foundation. Examples include foundation capping and providing concrete plugs
(alternate segments) in the existing foundation.

1 Both fixes require partial removal of the existing foundation as well as shoring and/or
jacking of the wood superstructure. The new system must be designed to resist all the
earthquake forces from the building occurring at the foundation level. In this case,
unreinforced masonry foundations do not require analysis and strengthening when an

alternate foundation system is used.

1 Concrete foundations are typically not reinforced and commonly have cracks due to
shrinkage or long-term differential settlement. Even new footings have shrinkage cracks.
Common locations for these cracks are at corners and near changes in footing height or
thickness. Typical shrinkage cracks in footings are straight and vertical and have uniform
narrow width. Isolated cracks less than 1/8-inch in width can be assumed not to
significantly diminish the strength of the foundation. (ATC, 2002)

Foundation Sill Plate Anchorage

Existing Perimeter Foundations

1 The provisions for connecting existing sill plates to existing foundations maintain the
traditional code requirements for 1/2-inch diameter bolts spaced a maximum of 6 feet
apart for one story buildings. Two and three story buildings need progressively more
bolts because their height and added weight result in larger forces to be resisted.



Expansion bolts and chemical anchors are acceptable for connecting to existing
concrete. These connectors, due to their shorter length of embedment into the concrete,
have lower capacity in concrete than anchor bolts that are castin- place when the

foundation is poured.

However, even with the required 4-inch embedment, these connectors will have the
same capacity in the wood sill plate, which is the weakest link in this connection.
Consequently, properly installed expansion bolts or chemical anchors can provide the
same resistance against sliding as cast-in-place bolts.

An expansion bolt is effective when the hole is drilled the correct size, the hole is
relatively clean, and the bolt is properly tightened to set the expanding portion of the
assembly in accordance with manufacturerds spc¢
For expansion bolts to be fully effective the foundation material must be able to engage
the expansion portion without cracking. Where cracking indicates conditions of poor
guality concrete or masonry ground during installation, expansion anchors may not be
used.

If cracks are observed during installation, installation should be 12 stopped, and a bolt
should be installed at a new location at least 1 foot away. If the problem continues,
chemical anchors or screw type should be used instead. All anchors must be installed

away from the edge of the sill plate in order to be effective.

The chemical anchor is a threaded rod that uses "epoxy" type adhesive to set the

anchor. Chemical anchors are effective when the hole is the correct size and the hole is

completely clean. Concrete dust must be removed in accor dance with manuf
specifications.

A clean hole is more critical for chemical anchors than for expansion bolts. Chemical
anchors are allowed for all types of foundations but are required where existing concrete
is in poor condition or when the installation of expansion bolts causes cracking of the

concrete.

Some adhesives are viscous enough for use in horizontal holes but others are too thin

and tend to drain out of the holes before setting. To avoid this problem, consult with



current ICC Evaluation Services reports on anchor systems as well as manufact ur er s 0

instructions before purchasing.

The provisions require square plate washers between the nuts and the sill plate.
Because the holes that must be drilled to insert the connectors are larger than the
connector diameter, the resulting hole in the sill plate is too large to provide proper

bearing against the bolt. Consequently.

The plate washer is installed so that the nut can be tightened sufficiently to develop the
required clamping action between the sill plate and the top of the foundation wall. The
use of plate washers is also intended to minimize the potential for crushing and splitting
of the sill plate as the bolt is tightened.

Due to the oversized hole in the wood sill a standard round washer does not engage
enough of the wood around the hole.

The use of the larger plate washer will eliminate the problem of the nut recessing into the

drilled hole as it is tightened. Table 3-A provides the size of the plate washers required.

The provisions <call for t h-ei qlutt ¢ afterddpekyi toingpht e
curing is complete or after the nut has been tightened to set an expansion bolt.

Tightening the nut to set the expansion bolt and tightening the nut to connect the sill

plate to the foundation are separate operations.

The setting requirements of expansion bolts vary according to the bolt used. The specific
bolt manufacturer's procedures must be closely followed to assure that the bolt is
properly set and is capable of transmitting forces into the foundation.

Because these procedures vary, the provisions only address how tight the nut should be
after an expansion bolt has been properly set or the adhesive of a chemical anchor has

set.

If the nuts are not tight against the washer plates, there will not be sufficient clamping

action between the sill plate and the foundation wall.



1 The nut should be tightened to the point at which the full surface of the plate washer is
contacting the wood member and slightly indents the wood surface.

1 Over-tightening beyond this "snug-tight" condition will cause crushing of the wood sill
that will reduce the capacity of the connection. This section also gives the Building
Official the authority to spot test the nut tightness during the required inspection.

1 Also shows the condition of a battered footing. This type of slanted face footing will
require that the wood shim installed between the steel plate and the wood sill plate must
be shaped so the steel plate will have full contact against the shim when the lag screws
are tightened. Further, a beveled washer under the head of the lag screw is needed to

ensure that it bears fully on the steel plate.

1 Itis recommended that the shim be nailed to the sill plate (in addition to the lag screws),
but the nailing must not split the shim. Pre-drilling of holes may be necessary.

1 Alternative details may be easier and faster to install and should be acceptable in
principle to the Building Official. Discuss potential alternatives with the building
department or consider hiring a licensed design professional to prepare an alternative for

unique conditions.

Placement of Chemical Anchors and Expansion Bolts i

9 Careful attention needs to be given to the proper location and spacing of sill bolts. In
order to assure that the sills are properly connected, this Section not only specifies the
minimum spacing, but also limits the placement of bolts at the ends of pieces of sill plate.
These provisions differ from those in the Building Code in requiring the bolts be placed

no closer than 9 inches from the end of the sill plate.

1 When bolts are placed closer than 9 inches to the end of a plate, there is a potential for
that bolt to split the sill from the bolt hole to the end of the plate as the bolt is loaded from

earthquake forces. When the bolt is placed more than 12 inches from the end of the



piece there is a tendency for the end of the plate to lift due to overturning forces on the
wall (CUREE, 2002).

1 Placing the bolt between 9 and 12 inches from the end will minimize both tendencies.
These provisions also address the realities that existing sill plates may be installed in
short pieces either where the foundation wall steps or where new pieces of a sill plate
must be installed to replace sections damaged by fungus infection or insect infestation.

1 Therefore, the provisions specify a minimum number of bolts for various lengths of sill
plate. It will not always be possible to install sill bolts at the exact spacing. There are
many existing elements that can interfere with their placement, such as a fireplace,
plumbing or mechanical ducts.

1 The provisions of this chapter have taken these field situations into account and allowed
that where physical obstructions exist, the bolts may be omitted. However, the spacing
of the remaining bolts needs to be adjusted so that the same total number of bolts is
installed as though the obstruction did not exist. It is recommended that if possible, the
bolts with close spacing should coincide with the sheathing locations.

Cripple Wall Bracing

General 7

1 When bracing a cripple wall, consideration must be given to providing adequate
resistance to both the horizontal forces and the tendency for uplifting one of the ends of
the wall. Any wall panel that is subject to earthquake forces has a tendency to want to lift
up at one end as well as slide.

9 This uplift can be resisted by one of two methods. In new construction a "hold-down"
anchor consisting of a heavy gauge metal angle is bolted to a stud and also anchored
into the concrete foundation. Because this would be impractical to install in existing
construction the method used in this chapter is based on the proper proportioning of the
length and height of the cripple wall bracing panels.



1 By making the panels longer, more weight from he walls and floor above can be
engaged to resist the uplift force. The basic proportion required is a minimum length of
braced cripple wall paneling at least two times its height. (RRR, 1992) In addition, longer

panels are needed as the number of stories above the wall increases.

9 This is simply because a taller building imposes larger horizontal forces on the braced
cripple wall panel. Nonbearing walls, where floor joists run parallel to the wall, will not
engage substantial weight, so hold downs at the ends of the walls may be prudent for
multi-story buildings. Where cripple wall bracing panels can be connected at corners of
buildings and installed in combined panel lengths longer than the minima defined in, the
potential for wall overturning can be reduced. In addition, continuity provided by rim
joists, plates, and floor framing tends to create appreciable fixity at the tops of the cripple

walls that offsets wall overturning.

1 To stay within the limits of these prescriptive methods, a maximum of 4 feet for the
height of the cripple wall was established to limit overturning effects. When the height of
the cripple wall exceeds 4 feet, the dwelling owner will need to have the bracing
designed by a Design Professional.

Sheathing Installation Requirements i

1 plywood is prescribed as the required sheathing because of observations of ruptured
3/8" thick (3 ply) plywood panels documented in the MMI VIII and IX intensity areas
caused by the Northridge Earthquake (LA, 1994).

1 Let-in braces have been observed to perform poorly in past earthquakes without some
other form of bracing (LA, 1992). Let-in braces are no longer accepted by the 2003 IBC
for Seismic Design Category D, E, and F. Therefore, walls braced only with let-in braces
are considered a structural weakness requiring supplemental bracing. Even though the
provisions accept existing diagonal wood sheathing to be acceptable (see Section
C303), diagonal wood sheathing is no longer cost-effective for strengthening weak
cripple walls.



The omission of this material was not based on its ability to resist lateral forces, as it has
performed well in past earthquakes and high winds (LA, 1992).

Instead it was based on cost considerations and practicality, since this type of sheathing
is more time consuming to install and more expensive than wood structural panels.
Proprietary bracing methods may also be used when approved by the building official.
The most important component of wood structural sheathing is proper nailing. To
prevent splitting of existing wood framing 8d nails are considered optimum for 2x
material. If splitting of studs is observed, periling of holes is recommended.

Predrilled holes should have a diameter of about 3/4 of the diameter of the nail.

Nail guns tend to produce less splitting than hand nailing.

Minimum edge distance for nails should be maintained for plywood and the wood studs
and top and sill plates to prevent splitting or premature nail failure. With this size nail, 4
inch spacing provides adequate capacity with the minimum bracing length permitted by
Table 3-A and Figure 3-10. Further, using larger nails or closer spacing would, by
comparison of capacity, require larger diameter sill bolts or closer spacing of the bolts
than specified in Section 304.3.2.

When plywood is installed on the inside face of cripple walls with an exterior surface of
stucco, care must be used to prevent damage to the stucco. In this situation, it is
recommended that 3-inch long #6 wood screws may be used instead of nails. The 3-inch
length is needed to ensure that the shank (unthreaded) portion of the screw will have at
|l east 5/ 80 penetration into the studs and pl
exists at the plywood-stud interface, the screws can fail in a brittle manner when the

earthquake occurs.

If a nail gun is used, the operator must make sure that the nail heads do not fracture the
surface of the plywood. Local variations in the density of the backing (new or existing
wood framing members) can create situations where it will be difficult to maintain
consistent nail penetration.

The use of a flush head attachment on a nailing gun will usually prevent overdriving.
When a nail head fractures the plywood surface, the amount of force that this particular
connection is capable of resisting is reduced significantly. It becomes much easier for



the nail head to pull through the sheathing material. Whenever a nail head fractures the
surface of the sheathing, the nail must be discounted.

1 When a nail is discounted, it must be left in place. Removing the nail will further damage
the sheathing material and could result in the rejection of the whole sheet of sheathing
by the inspector. (Shepherd, 1991) When purchasing structural sheathing, one of the
structural grades must be stamped on the sheets used.

1 The correct grade of structural sheathing is important. Refer to the Building Code for

more information.

Distribution and Amount of Bracing i

1 Bracing panels are required at or near each end of each wall line . Recommend using
Fig C3-2 (see notes below) and definition. Although not required, it is beneficial if the
cripple wall bracing panels align with the panels above the first floor to provide a more
direct load path. Thus, cripple wall bracing panels should be located under windows only
when necessary. Performance can also be enhanced if all panels along a single wall line
are of similar lengths rather than having one very long panel and other shorter panels.
This prevents concentration of forces in one location.

1 The existence of a small number of studs over 14 inches in heights should not trigger
this requirement. The requirement that buildings with cripple wall studs over 14 inches in
height be treated as having an additional story helps reduce the overturning forces by
requiring additional panel lengths. The 14 inches is intended to be an average.

Stud Space Ventilation i

1 The most common form of cripple wall bracing will be to add sheathing to the interior
face of the cripple wall from within the crawl space. When this is done, a closed space is

created between each stud that does not allow natural ventilation.



1 This can result in a buildup of moisture that will lead to fungus infection. In order to
protect these conceal ed spaces from fungus infecti
recommended) ventilation holes must be provided.

1 These ventilation holes will allow the free movement of air within the stud space thereby

minimizing the risk of fungus infection.

1 When 2x horizontal blocking is needed in the stud space to provide backing for panel
joint nailing, it must be installed with the wide face oriented vertically, flush with the face
of the stud on which the sheathing is being installed.

1 This can be easily accomplished using commercially available fence rail hardware at
each end to attach the block to the studs. This will eliminate blockage of ventilation
inside the stud space. Ventilation holes should be cut or drilled as close to round as
possible.

1 Hole cutting tools are available to cut the required size hole. Square holes, or other
shapes with sharp corners or notches can result in high concentrations of stress when
the panel is loaded.

Existing Under floor Ventilation i

1 Air circulation under the floor protects the framing from fungus infection. Vents by
themselves do not provide all the solutions to under floor ventilation.

1 It is imperative that there be cross ventilation. In order to have cross ventilation, the
vents must be located in opposite walls, approximately opposite each other.

1 In many cases, heating units have been added to the dwelling and the ducts are
installed within the crawl space. When this is done, the ducts block the cross ventilation
and significantly reduce the efficiency of the vents.

1 Consequently, a dwelling with vents that meet existing code might not be adequate if
there are obstructions to the cross ventilation. If this condition exists, consideration
should be given to providing additional vents in order to obtain the necessary cross
ventilation.



Quality Control i

1 Strengthening work is only as good as the quality of the construction. In most
jurisdictions the strengthening work required by this chapter will require building permits
and inspections. Prior to requesting a permit the owner or contractor should survey and
determine all existing conditions, dimensions, and other considerations significant to the
retrofit or repair work.

1 A plan should be prepared (11x17 inch paper with 1/ 80 = 1 f oot scal e
showing the location of proposed sheathing and spacing of anchor bolts.

1 The drawings should differentiate between new and existing components. Because of
the nature of the work being performed and the materials being used, there are some
additional inspections that need to be performed that are not specified in the Building
Code for new construction.

Placement and Installation of New Chemical Anchors or Expansion Bolts.

1 The Building Official must approve the use of expansion bolts or chemical anchors.
Building officials often use Evaluation Reports from the International Code Council
Evaluation Services (ICC-ES) as guidance in the products they approve.

1 These reports set allowable design values based on testing and specify requirements for
construction quality control. They often call for special inspection, especially for bolts that
might be subject to tension forces. (Special inspection generally involves inspection of

the work while it is being performed, as opposed to when it is complete.

1 It is performed by qualified individuals retained by the owner.) For the purposes of
GSREB Chapter 5, special inspection is not required because the bolts in question are
intended 16 to act primarily in shear, not in tension. Even if these bolts are not set
exactly as noted in the evaluation report they will still work to resist the shear forces from
earthquakes.



The waliving of special inspection thus represents a justifiable cost savings. While
special inspection is not typically required, the building official may still require
verification of proper installation per Section 304.3.1. In lieu of special inspection, it is
recommended that a post-installation torque test for expansion anchors be done
together with inspection for bolt spacing, end distance and a spot check to make sure

the nuts are properly tightened.

Usually this inspection would be performed after the bolts were installed and before the
cripple wall sheathing is placed. However, the building official may elect to perform this
inspection at the same time they inspect the installation of the cripple wall sheathing.
Vent holes in each stud space should be located and sized to allow inspectors to reach
in and torque the bolts. Both expansion bolts and chemical anchors must be approved,
as stated in the Section 302 definitions.

This means that they generally must have a valid evaluation report from the International
Code Council Evaluation Service (ICC-ES) or an approved equivalent independent test
report. Normally chemical anchors require continuous inspection during their installation
as a part of their approval for use.

Continuous inspection checks that the hole is the correct depth and is sufficiently clean
prior to placing the epoxy material. Its purpose is to ensure that e Since sill bolts are not
subject primarily to tension, however, the provisions make an exception to this rigorous

special inspection requirement.

However, it is recommended that a less expensive torque test of expansion anchors in
lieu of tension tests is an appropriate substitute for special inspection. Torgue tests must
be performed on at least 25 percent of the total number of expansion bolts installed and
must be done in the presence of a building inspector or a deputy inspector employed by
a testing agency that is hired by the owner and approved by the authority having
jurisdiction.



Installation and Nailing of New Cripple Wall Bracing.

1

The final required inspection is to make sure that the connections of the wall bracing
panels are installed correctly and completely. The bracing serves no purpose if the
connections do not engage the proper framing members, or, in the case of wood

sheathing, are overdriven.

Work Subject to Special Inspection i

1

The building official may require special inspection where conditions on a particular job
site make inspections difficult . Retrofit and strengthening work often involves unusual
conditions or proprietary components that require additional levels of quality control. In
order to address these problems, the building official is allowed to require that a special
inspector verify work. Most dwellings have some features that will not conform to the
conditions and strengthening provisions used in this Chapter.

To avoid situations where those existing conditions either preclude the use of these
prescriptive provisions or where other complications may occur that would make their
application to a specific building difficult; the Building Official is encouraged to perform a
pre-design inspection. The cost of this inspection, however, may be in addition to the
normal permit fee . Such an inspection might not be necessary if the owner provides
adequate drawings supplemented by photographs to permit adequate review by the
building official.

The purpose of a pre-design inspection is to notify the owner or contractor of problems
that may need the services of Design Professionals. It is not intended to be a consulting
service to the owner. Typically, this inspection should focus on the following issues:
Areas where obstructions in the crawl space along exterior walls might prevent

installation of adequate lengths of bracing;

Areas that may be questionable with respect to insect or fungal damage to wood

members to be used in the strengthening;

Foundations that may be questionable or clearly too weak to be effectively used for

anchoring sill plates;



Tests of nut snug-tightness on sill bolts;
adequate rim joist or blocking conditions along exterior wall lines;

Other concerns that the owner or contractor believes will preclude the use of the

prescriptive details or methods described.

Phasing of Strengthening Work i

1 The phasing of the strengthening work can often be phased when approved by
the building official. A new permit will be required for each phase before
beginning the additional work. Phasing may benefit owners with limited budgets
or scheduling conflicts with other planned alterations. The strengthening work in

1 Phase requires that the work be performed on at least two parallel sides and
never on one side alone. This is meant to prevent rotation of the foundation

anchorage, in plan, from seismic horizontal forces.

Tuned-Mass Systems for the Seismic Retrofit of BuildingBeter Nawrotzki

1 Passive seismic control strategies are based on the reduction of energyafiduth a
structure in case of earthquake events.

1 Some well known approaches make usdriofional, plastic or other energy dissipating
behaviour of special devices. Thalowing presentation reflects some special ideas for
the increase damping in orderimprove the seismic performance of buildings.

1 For this purpose additionahass systemsare proposed and their performance is

investigated theoretically as well as on sking table.

1 Usually these systems are considered as not suitable for seipplications, but this
thesis is no more valid as a general rule, if certain desigmoaches are kept. Tured
Mass Control Systems (TMCS) can be used to controflifiglacements, accelerations

and internal stress variables of a structure in casanbiquakes.



The safety against collapse and defined states of serviceability strtlstures can be

achieved.

This system can also be used for the seismic retroéikisting buildings as the inside of
the structure is usually not objective to modifioa. Hence, the usual operation inside

the building may go on during the upgrade activities.

A well accepted strategy in utilizing seismic control systems is based on the increase of

structural damping. As a first idea damping devices can be instalelg.s

Then, theyhave the task to damp the relative motion between two structures, two parts of

thesamest r uct ur e, or the structure and the Or i

The damping effects may be obtainéy friction, plastic deformation or viscose
behaviour iside the device. The entilmprovement of the seismic performance becomes
obvious by different national andternational standards. Some well knowmvas are

comparedprovides andea of possible control effects.

Usually 5 % of critical damping carebassumed fobuildings, and an increase of the
damping ratio causes a reduction of the stressceleration response as indicated by the
correction factoii . As an example the increaem 5 to 20 % of critical damping would
cause a reduction of theduced seismiaesponses by about 50 % according to the

Japanese provisions.

TunedMass Damper Systems (TMD) are widely used for the reduction of vibration

caused by wind and traffic like pedestrians or railway trains.

Typical structures likeslender bidges, stacks, high and slender buildings possess low
levels of damping andnay therefore undergo unacceptable vibration. TMDs cause
control effects which arsimilar to the increase of damping. Depending on the mass ratio,
the tuning frequencynd the denping capability the amplitude reduction can be very

significant and achievealues of about 10 to 20 % of the figures without TMD.



The reduction effects in thesmpplications are higher that in case of seismic events
because the governing vibratiorsimilar to stationary motions and the TMD gets better

adjusted to the motion.

Nevertheless significant reduction effects can also be observed for seismic excitation.
The ideas of the improvement of seismic performance according to Fig. 1 can be
confirmedby theoretical and practical investigations.

In order to distinguish betweesrdinary TunedMass Systems and those for seismic
applications the expression Turddass Control Systems (TMCS) is used. The layout of
such systems is slightly differefrom that for a usual TMD system. Here, the mass and

tuningratio as well as the dampingdbkosen according to different criteria.

A typical situation for strumires Here, a multstorey building isesquipped with a tuned

mass system on the rooftop. Tdeditional mass consists iinforced concrete and




Numerical Investigations

1 Numerical simulations of buildings under earthquake with tumads systems have
frequently been performed. In many cases a special building n®daeken and the
additional mass is connected with the building elastically; sometimes the mass ratio is
varied. Then, different recorded earthquakes are run and the responses of the structure
with and without tuned mass are compared. The obtained resaltsually noshowing
a unique picture.

9 It can be concluded from this procedure that the tuned masves the response
behaviour for most of the investigated cases, but there arenmldels under seismic
excitation without significant improvement.

1 In all of the lattercases without significant difference the structural response without
TMCS turned outnot to be dangerous for the building. The reasons are the induced
internal forces andcceleration responses which are at a low level without any foeed
further reductionin these cases the governing natural frequencies are not excited. The
described steps fothe layout of a tunednass system do not reflect the required

procedure for real projects!

91 Forreal projects there is a building with columheams, frames, walls, floors, amther

important members.

1 The structure consists of certain materials, possesses ceirtamsions and there is a
certain mass or mass distribution, stiffness, ductility and matier mechanical
parameters. On thether hand there is the seismic risk which candkscribed with

statistical parameters.

1 The most suitable representation for engineepingoses can be seen in a site specific

response spectrum.



1 Here, for instance, we caiirectly see whether theuilding is in the dangerous frequency
range and furthermoreve can derive artificial basexcitation functions which

correspond to the project site.

1 Also recorded seismic events can be taken for the layout of the- toamesl of a real
structure, but inllese cases the acceleratiane histories have to be scaled accordong

the site specific response spectrum.

Concrete Building Structures

1 The majority of buildings in regions of high seismicity in the United States do not meet
current seismic code reqaments, and many of these buildings are vulnerable to damage

and collapse in an earthquake.

1 Concerns for seismic rehabilitation of existing buildings grew considerably following the
1971 San Fernando earthquake and resulted in several programs ty dedtihitigate
seismic risks. and 1994 Northridge earthquakes provided significant new impetus for

seismic rehabilitation of buildings in California and elsewhere in the.

1 Earthquakes in other parts of the world provide a continual reminder of the need for
seismic mitigation programs underpinned by research to demonstrate their effectiveness

and improve the efficiency.

9 Seismic rehabilitation research in the US includes individual investigator and coordinated
program research efforts. The US National Science Foundation began to fund research on
seismic rehabilitation in earnest in the early 1980s. The early efforts wem@vertly
coordinated, and it became apparent that these programs would be unlikely to
comprehensively address the broad needs in terms of range of construction and

performance objectives necessary for the development of redmmsed consensus



design gudelines. In 1990, the National Science Foundation announced ayefare

coordinated research program on seismic repair and rehabilitation of buildings.

The objectives of the program were to provide information for evaluation of the
vulnerability of exsting structures for various levels of seismicity, and to develop
economical construction techniques for repairing and strengthening hazardous structures.
The program culminated with the publication of a special theme issue of Earthquake S.
The NSF resaah effort was supplemented by research carried out at the National Center

for Earthquake EngineegnResearch [e.g., Beres; 1996].

In the 1990s the Federal Emergency Management Agency (FEMA) and the State of

California separately began to develop seismic rehabilitation guidelines.

These efforts were guided by research reported to date or under way at the time. For the
FEMA effort, the American Society of Civil Engineers subcontracted a research synthesis

project resulting in a compilation of previous research in electronic format.

The California effort resulted in a research synthesis specific to concrete buildings
[Mohole 1994]. Applications of the FEMA 273 Guidelines [FEMA, 1997] and
Californiadirected ATC 40 Guidelines [ATC, 1996] to rehabilitation projects has
revealed additional research needs, several of which are being addressed by ongoing

research [e.gMeoblg 2000].

The symbiosis between researcher and practitioner is leading to rapid advances in the

state of the art iseismic rehabilitation the US.

The balance of this paper describes typical configurations of concern for existing
concrete buildings, performance obsdions from past earthquakes, rehabilitation

approaches, and rehabilitation research, with an emphasis on US conditions and research.



Typical Configurations and Details

1 The development of details suitable for seismic resistance of concrete buildiags wa
gradual process in the US, and continues today. Main advances in understanding were
made in the 1960s with the publication of the text by.

1 While publication of this text along with 1960s and 1970s editions of the Structural
Engineers Association of California (SEAOC) Blue Book resulted in some improvements
to building design practices, it was not until the 1976 Unifd@uiding Code [UBC,

1976] that ductile detailing practices became mandated in the western.

9 The specified details were surprisingly similar to those of today. Buildings constructed prior

to that time commonly have significant deficiencies in configuration and detailing.

1 Typical frame details in pr&976 buildings in the western US are illustrated in Figure 1.
Longitudinal reinforcement in beams commonly was discontinuous, and that in columns

normally was lagspliced with short length just above the floor level.

1 Transvese reinforcement generally was not proportioned to prevent shear or lap failures, and
details usually included wide spacing, open stirrups, and hoops wite @@e bends. Joint

transverse reinforcement was uncommon.

1 All these details can lead to performe® with inadequate adequate lateral displacement

ductility as well as inadequate protection against vertical collapse.

1 Most existing concrete buildings in the highly seismic western US comprise a mix of beam

column frames and shear walls; frame buildiage not typical.

1 A floor plan of a representative building showing beamumn and shear wall framing.
While the walls may provide most of the lateral resistance, not insignificant resistance may
arise from the beajoolumn frame. Current practice usyadlims to include the contribution

of the bearrcolumn frame so that re habilitation is minimized.

1 Whether this is the case or not, current practice requires that the-dmdammn frame be

demonstrated to sustain gravity loads withaltapse for desigievel events.
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1 The most significant failures of reinforced concrete buildings in past earthquakes have

been attributed to column failures. Causes have included column shear dépedissy

of column end regions, buckling of column longitudinal reinforcement, and famaf
soft stories.

1 Several collapse of one or more stories of buildings have been attributed to column
failures (e.g.,

Failures of beangolumn connections also have been observed.



Depicts an example from the Northridgarthquakd-ailure ofslal-column connections

have been observed in past earthquakes, in some cases leading to building collapse. The
example shown in Figure 5 is of a waffle slab without continuous slab reinforcement
through the column. Other examples of solid slabs, reinfoacel prestressed, have been

reported.

Damage to shear walls and to coupling beams, while costly and disruptive, generally have not
resulted in building collapse, and therefore have received less attention than have columns,
joints, and slalrolumn connetions. Failures in structures, while sometimes attributable to

specific details, often have more systemic causes.

Attachment of architectural elements, such as the parapet walls in the parking structure of
Figure 3, can increase stiffness of componémispecific locations of a building resufting in
overloadan prematurdéailure. Weakcolumn/strongbeam systems are prone to story failures,
especial framebaving columns with widebgpaced Excessiviexibility in frames, as well

as in framewall structwues with flexible foundations may result in failure of framing
components owing to excessive drift. The dividing line between damage without collapse and

damage with collapse has not been identified analytiteeity

The Great HanshiAwaji Disaster (Kole Earthquake) caused huge damages to building
structures, especially to old or nemgineered buildings. It has strongly beeoognized
that the strengthening of these seismic vulnerable buildings is one of a9 for the

reduction of earthquake shster.

Thus, in response to the precious less@rosn the Kobe Earthquake, the Japanese
government enacted "the Law for Promotion Sdismic Retrofit of Buildings,” in
December 1995.

In accordance with the law, existifiguildings of more than certaitoor area for public
use shall be retrofitted to satisfy tbeismic performance level equivalent to the current

code requirement at the time r@iovation.



Practical evaluation of seismic performance and retrofit design of existing buildings has
been basd o n AThe Standard for Sei smic Eval
AGuidelines for Seismic Retrofit Dnsishign, 0
are published from the Japan Building Disaster Prevention Association.

Conventional methods foseismic retrofit of building structures are provided by the
guidelines in detail, the effectiveness of which has been verified through past
experimental researckn the other hand, various efficient methods of seismic retrofit
have been developed mvented especially after the Kobe Earthquake.

Although the effectiveness of the newethods was verified through various
performance tests by the researchers indéwxeelopers group, neutral and standardized
evaluation of the methods was necesgaligrmation to users such as structural designers

or clients.

For this purpose, the Japan Building Disaster Prevention Association (President: Tsuneo
Okada) has set up a technical committee for evaluation of methods for building disaster
prevention. The committee (Chairma®hinsekiOman) officially started in 1996, and

evaluated 28 methods in total until 2004.

The members of the committee from 2004 bseed below.Most of the methods for
evaluation are recently developed techniguesséismicretrofit or strengthening of old

reinforced concrete buildings in Japan.

Requirementand guidelines for design and construction by the new retrofit methods are
prescribed aa manual in practice. The validity of the manual is evaluated, ssuainthe
viewpointsof reliability of material properties, member performance, design equations,

detailingand construction work.

The scope of the method is also clearly restricted by revielacgground research. The
details on the new methods could available from thenanuals in Japanese. However,

the comprehensive information in English on thethods was not available.



1 The tenth anniversary of the Kobe Earthquake. Commemoratiranthieersary, various
international events are planned, such as ItiternationalSymposium onEarthquake
(ISEE Kobe 2005) and at United Nations World ConferemneDisaster Reduction in
Awaji and Kobe, in order to reduce seismic disaster irfuhge.

1 The promotion of seismic retrofit of structures worldwide is onthefmajortopics to be
discussed there. To contribute to the symposium of the conference abawsodycing
the seismic retrofit technologies recently developed in Japan, 22 methbdsf 28,

evaluated by the JBDP A committee, are outlined in Englishcampiled inthis volume.

1 This volume is prepared voluntarily by each developers group according to the given
standard format for distribution at above meetings. Note that the views shown in this
volume do not reflect those of the committee membersHosiet of the developeréiso
please note that some of these outlines in English introduce broader segpdicsHtion
than approved by the JBDPA evaluation procedure. The contents iupddaeled to the
website of JBDPA soon and will bepdated periodg&lly in the future. The sincere
cooperation and efforts of the developes drafting the volume are gratefully

acknowledged.
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