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WHAT IS RETROFIT?
Retrofit involves all the works done in order to upgrade the seismic upgrade of the buil-
dings. In some cases these applications are applied on the whole structure or just on
some of the structural members. There are mainly two reasons for structural retrofit
applications. The first one is for the upgrade of the seismic safety of the structure which
has damage due to earthquake. The second one is determination of deficiency in the
seismic safety of the structure although it has no damage. In both cases retrofit appli-
cations should be performed in order to upgrade the seismic safety of the building to the
desired level.

DETERMINATION OF SEISMIC
SAFETY AND RETROFIT 
REQUIREMENT
“Specification for the Buildings to be Constructed in Seismic Zones, 2007” has
come into force as it has been issued in Official Gazette since March 2007. The Code
enforces the basic priciples of earthquake resistant design of structures. The ge-
neral principle of earthquake resistant design to this Specification is to prevent
structural and non-structural elements of buildings from any damage in low inten-
sity earthquakes; to limit the damage in structural and non-structural elements to
repairable levels in medium-intensity earthquakes, and to prevent the overall or
partial collapse of buildings in high-intensity earthquakes in order to avoid the loss
of life. The so called high-intesity earthquake is defined as the seismic event which
has 10% probability of exceedance in 50 years and all the seismic zoning is defined
based on this definition. It is exceptable for a building to have damage without
causing loss of life in this level of earthquake.

In addition to design of buildings, specifications for the assessment an retrofit of
existing buildings are also defined in TSC07. The seismic performance of a building
is directly related to the expected damage level under design level earthquake. The
performance levels can be listed as;

• Immidiate Occupancy
• Life Safety 
• Collapse Prevention 
• Collapse 

The minimum target performance level of a building differentiates depending on the
type and occupancy of the building and the different earthquake levels with different
probabilities. (i.e. 2%, 10% and 50% of probability of ecxeedance in 50 years). For
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example buildings like schools, dormatories, military barracks which are intensively
and long-term used by people has a target perforemance level of “Immediate
Occupancy” in which minimum structural damage is allowed during an earthquake
with 10% probability of ecxeedance in 50 years. In the same earthquake level residen-
tial buildings, hotels and offices have a target performance level of “Life Safety” where
moderate damage is expected. 

In high intensity earthquake damage is expected in the structural and non-structural
members of a earthquake resistant designed building. On the other hand, it is
inevitable for non-earthquake resistant designed building to have heavy damage in the
same earthquake level. This situation results in as a retrofit need. In some cases due
to architectural or usage needs the structural system of the building can be changed,
also this situation results in retrofit need. The existing buildings need to be retrofitted
so as to satisfy the modern Seismic Code regulations or/and due to the change in the
target seismic performance level of the building under consideration. The other rea-
son for retrofit need may be due to change of situation and function of the building or
historical importance.

Another decisive element is the cost of retrofit applications. In order to apply the
retrofit scheme the ratio of the retrofit cost to the reconstruction of the building
should be in acceptable limits.

The purpose of the retrofit application is to upgrade the seismic safety of the buil-
ding with the best and appropriate techniques in shortest time with minimum dis-
turbance to the building residents.

Retrofit applications have social, economical and legal aspects in addition to technical
issues. During the decision process for the retrofit applications of the buildings with
high seismic risk in a certain area decision makers should also take into account all
the aspects of the issue metioned above. It should be noted that the dicison will be
specific for each case since each case has it own boundry conditions. 

In the retrofit applications against earthquake site investigations and test are of graat
importance. Depending on the data obtained from the site investigations seismic safety
of the bulding is determined by using the appropriate analysis methods. Once the
existing performance of the building is less than the desired performance structural
retrofit decision is given.

In order to achive this performance level the following applications may be applied;

•  Prevention of any kind of deficiencies that may cause seismic damage
•  Addition of new structural members in order to upgrade the seismic safety
•  Reduction of weight of the building
•  Providing a continous load path system
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RETROFIT METHODS
Basically retrofit methods are divided into two methods as ; member retrofit and sys-
tem retrofit.

Retrofit applications are performed on the exisiting structural resistance system such
as columns, beams, shear walls and connection regions. In some cases seismic
upgrade of the system is done by addition of new structural members. Once the buil-
ding has edequate lateral resistance but threre are some seismically insufficient
members in a building, retrofit of the unsafe members would be sufficient. But on the
otherhand once the building have a quite a lot seismically unsafe members, low la-
teral resistance, structural deficiencies such as soft story, weak story the retrofit
application should be performed on overall structural system basis. 

STRUCTURAL MEMBER RETROFIT

“Structural member retrofit” shall be defined as increasing strength and deforma-
tion capacity of the columns, beams, shear walls and connection regions of the
building.

Retrofit of the Beams

The increase of strength and deformation capacity of beams are achived by addition of
stirrups, attachement of steel plated, wraping by carbon polymers and application of
full or partial jacketing. 

Addition of stirrups: Shear strength of the beams in the support regions shall be
increased by addition of adequalte number of stirrups on the both sides of the beam
(Figure 1).

Figure 1. Addition of stirrups to beam.
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Figure 2. Anchorage of the added stirrups to the slab.

Attachment of steel plates: Retrofit of beams shall be perfomed by attachment of steel plates
on both sides and bottom of the beam section. In the attachment process of steel plates, sur-
faces of both beam and steel plate should be properly prepared for effective and proper con-
nection. The steel plates on both sides and bottom should be welded at the connection zones. 

Figure 3. Steel plate application to beams.

Figure 4. Wrapping of beams by carbon fiver polymers.
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Jacketting: eams shall also retrofitted by jacketing. In this applation additional lon-
gitudinal and transverse reinforcements are placed in the outer part of the beam
inside the jacket. In the application of jacketing newly placed reinforcement in the
jacket should be connected to the exisiting reinforcement of the beam. This connec-
tion shall be achived by welding of “U” or “Z” sheped connection rods.

Figure 5. Jacketing of beams.

Retrofit of Columns

Columns shall be retrofitted by reinforced concrete jacketing, steel jacketing and corbon
fiber polymers in order to satisfy the continuity or increase the capacity of the columns.

Reinforced Concrete Jacketing: Reinforeced concrete jacketing can be defined as addi-
tion of a reinforced concrete layer with a certian thickness around the existing column. 

Figure 6. Reinforced concrete column jacketing.

Reinforced concrete jacket shall be continious from the top of the slab of the below
storey to the bottom of the slab of the upper storey. In this application connection
between the new and the existing concrete, existing reinforcement and additional rein-
forcement is of great importance (Figure 7).
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Figure 7a. Connection of new and existing longitudinal reinforcement in column jacketing. 
Figure 7b. Application sample (from ISMEP archive).

Firstly, the cover of the column and the damage portion of the column, if any, should
be removed. Secondly, exisiting concrete should be cleaned from dust and loose
material by pressured water. The jacketing application should be performed after pro-
viding a rough surface on the existing concrete. When the jacketing application is con-
tinued to the upper storey, detail of the development length of the longitudinal rein-
forcement can be seen in Figure 8.
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Figure 8. Detailing of newly added longitudinal reinforcement.
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Once column jacketing is not continued to the upper storey anchorage of the lon-
gitudinal reinforcement shall be applied as it is shown in Figure 9. On the other
hand, newly added tranverse reinforcement should properly confine the newly
added longitudinal reinforcement and concrete. 

Figure 9. Anchorage of the newly added longitudinal reinforcement.

Steel jacketing: Rectangular column shall be retrofitted by placing angels on each
corner of the column and conneting them in horizontal direction by steel plates with
appropriate spacing (Figure 10). In this application steel angles should be placed
without any space between the existing column and horizontal plates should be con-
tinious. Steel angles should also be continous between upper and below storeys by
anchoring by bolts to the slabs. The thickness, width, spacing of the horizontal plates
should satisfy the limits given in the Code.
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Figure 10. Steel jacketing of column.

Figure 11. Anchorage of steel angels.
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Carbon fiber polymer: Columns shall be wraped in such
a way that carbon fiber polymers are parallel to the trans-
verse reinforcement (Figure 12). In this application
strength and ductility capacity of the columns are
increased additionally development length of columns
with lap-splice problems are also increased.

Carbon fiber polymer should be applied all around the
column and requirements given in the Code for lap-splice
and joints should be applied.

STRUCTURAL SYSTEM RETROFIT

The so-called system retrofit can be defined as addition
of new structural members into the structural system
of the building in order to increase the lateral strength
and deformation capacity of the building and provide
homogeneous distribution of internal forces.

Retrofit of Infill Walls

Retrofit of infill walls shall be applied in buildings
upto 3 storeys, excluding basement floors, which has
continous infill wall inside the reinforced concrete
frames. The retrofit application shall be performed
by welded wire mesh with special mortar, carbon
fiber polymers or prefabricated concrete panels.

Welded wire mesh with special mortar: Infill walls
shall be retrofitted by welded wire mesh with special
mortar as shown in Figure 13. In the application all
the specifications given in the Code for content of
special mortar, thickness, spacing of the wires,
material properties and design rules should be satis-
fied.

On the other hand appropriate applications should be
done in the foundation in order to transfer the inter-
nal forces of the retrofitted infill walls to the soil
safely. 

Figure 12. Wrapping of columns
with carbon fiber polymers.
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Figure 13a. Retrofit of infill walls by welded wire mesh with special mortar.
Figure 13b. Application sample (from ISMEP archive).

Fiber polymer: Application of fiber polymers shall be applied to the wall with
length to height ratio between 0.5 and 2. Material properties, thickness, witdh
design of the application should satisfy the specifications given in the Code. The
anchorage of fiber polymers applied from corner to corner should be done appro-
priately with epoxy. As mentioned beforeappropriate applications should be done
in the foundation in order to transfer the internal forces of the retrofitted infill
walls to the soil safely.

Figure 14. Retrofit of infill walls with fiber polymer strips.
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Prefabricated concrete panel: The retrofit of infill walls with prefabricated panels
should be performed in such as way that panels should fit inside the frame properly
and appropriate achroge should be made in order to transfer the internal loads safely
to the frame around it.

In this type of appications shall be applied to the walls with length to height ratio
between 0.5 and 2. The prefabricated concrete panels should be connected to the
existing infill walls with epoxy based materials. The mechanicalproperties of the pa-
nels, thickness, manufacture and design of the application should satisfy the specifi-
cations given in the Code.

Figure 15. Retrofit of infill wall with prefabricated concrete panel.

Retrofit of RC Structural System with Shear Walls

Reinforced concrete structural systems with inadequate strength and lateral stiffnes
shall be retrofitted by RC shear walls. The main purpose of this application is addition
of structural members with high lateral stiffness. The RC shear walls shall be applied
both inside the exisiting frame or adjacent to it.
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Addition of RC shear wall inside the frame plane: The
structural system of the building shall be retrofitted by
addition of RC shear walls inside the frame as shown in
Figure 16.

In this application added RC shear wall should be con-
tinuous from foundation to the top of the building in
order to avoid stress concentration and negative effect
on the seismic response of the building by cutting it at
any level.

Additionally the anchorage of the added RC shear walls
to the exisiting frame system is of great importance in
order to provide proper transfer of the internal forces.
Foundation design of the added shear walls should be
properly done in order to transfer the forces of the sys-
tem to the soil safely. Both the design of anchorage and
foundation should be performed according to the speci-
fications given in the Code.

Addition of RC shear wall adjacent to the frame plane:
RC hear walls shall be applied adjacent to the existing
frame as shown in Figure 17. Similarly, RC shear walls
should be continuous from foundation to the top of the
building. The new added shear walls should have a pro-
per anchorage to the exisiting frame and new founda-
tions should be constructed under each new shear wall
which is design according to the specifications given in
the Code.

Retrofit of Masonry Buildings

Since all the walls are load bearing in a masonry buil-
ding, increase of lateral and vertical capacity of all the
walls should be provided. 

Similar to infill walls, masonry wall shall be retrofitted
on both sides by welded wire mesh with special mortar
(Figure 18). The welded wire mesh on both sides should
be connected through the holes drilled with certain
spacing on the wall.

Figure 16. Addition of RC shear wall
inside the frame plane.

Figure 17. Addition of RC
shear wall adjacent to existing frame.

Figure 18. Application of welded
wire mesh on masonry walls.
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Figure 19. Retrofit of masonry walls by concrete with welded wire mesh.

Figure 20. Connection of welded wire mesh to the masonry wall.
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The masonry walls shall be retrofitted by addition of reinforcement bars as “tie
rods” (Figure 21). The tie rods shall be tightened through the holes drilled on the
connection points of two perpendicular walls. Tie rod spacing should be at the
one third of the wall for most effective application (Figure 22). The tie rods placed
in the walls will take the tensile stress that will occur during seismic action in the
masonry wall. 

Figure 21. Application of tie rod on masonry wall.

Figure 22. Connection of tie rods on masonry wall corner.

Figure 23. Masonry building surrounded by RC frame.
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INNOVATIVE 
TECHNOLOGIES FOR
SEISMIC RETROFIT
Another retrofit method is reduction of seismic
forces on the building during an earthquake. By the
advances in technology some type of devices have
been introduces that reduces the vibrations on the
building during an earthquake. In general these types
of devices are called “isolation devices” which are
placed on the top of the foundation level which pro-
vides to reduce the seismic effect on the building
(Figure 24).

Isolation systems are one of the new technologies intro-
duced in Turkey for earthquake resistant design of buil-
dings. Isolation systems are produced in different geo-
metry and from different materials. In the the design
process of the isolation system the geometry and mate-
rial of the isolation unit are determined depending on
the type of the building and the expected earthquake
level.

In application mostly used isolation types can be listed
as elastomeric bearings (lead rubber, rubber, high
damper isolators) and flat or siliding bearings (flat and
one or two curved surface isolators), roller bearings
(ball in cone, distributed ball in cone) and spring dam-
pers (heliptic steel spring, viscous damper) (Figure 25-26).

In addition to isolation systems, thare are specially
designed devices that reduce the seismic risk of the
buildings. The devices are aimed to absorbe energy
resulting from the seismic forces at pre-defined certain
locations of the building. 

The above mentioned devices are placed at certian
points of buildings so as to resist the earthquake effects
at that point. So the transfer of earthquake actions to
the other members in the building is prevented. Some
of these devices can be listed as hydrolic dampers and
specially alloyed steel braces.

Figure 24. Application of isolation sys-
tem.

Figure 25. Lead core rubber bearing
and application sample.

Figure 26. Curved surface
friction isolator. 

Figure 27. Application of steel 
braces.
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CHALLENGES IN RETROFIT 
APPLICATIONS
The problems encountered in the retrofit process of a building can be basically
classified as technical, legal and economical. The technical problems can be
listed as; lack of experienced personell in the design process, lack of skilled
workman for the applicaiton of the proposed retrofit method, lack of material
and equipment for the application of the retrofit method. Additionally the eco-
nomic resources directly effect the determination of the retrofit method and
other related stages of the application process. On the other hand although
technical and economical requirements are satisfied other factor such as loca-
tion of the building, occupancy purpose of the building, attitude of the residents
of the building may affect determination of the retrofit method even prevent
application of retrofit application.
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