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Retrofitting & restoration of building & structures

Retrofitting means providing something with a component or feature 
not fitted during manufacture or adding something that it did not have 
when first constructed. The process of retrofitting involves the careful 
balancing of di�erent elements and their e�ects on the overall 
performance of a building. A change in one part of a building can 
a�ect another, and sometimes this is only apparent after irreversible 
defects have occurred. There are various techniques that are used in 
the process of retrofitting such as external plate bonding, grouting, 
external post-tensioning, section enlargement, and fibre reinforced 
polymer composites.

In this edition of eMag we have focused on Cathodic Protection of 
Reinforced Concrete Structures, Seismic retrofitting of reinforced 
concrete buildings, Carbon Fibre Wrapping for Retrofitting of 
Structures, Micro Concrete for retrofitting of structures, Injection 
grouting for retrofitting of building and structures, Fiber-reinforced 
polymers for retrofitting of structures. It is important to approach the 
retrofitting method selection and design process with a multi-hazard 
perspective.
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embedded metals. In particular, corro-

sion of reinforcing steel, corrosion of 

epoxy coated steel, and corrosion of 

prestressed concrete when unchecked 

can eventually lead to major rehabilita-

tion costs or structure replacement. 

Cathodic protection is used to mitigate 

corrosion damage to active metal sur-

faces. The anode is one of the most crit-

ical components for a cathodic protec-

tion system. It is used to distribute pro-

tective current to the reinforcing steel 

and provides locations for anodic reac-

tions to take place in place of the rein-

forcing steel. By using relatively inert 

materials, such as catalyzed titanium, 

anode consumption is minimized. 

orrosion is caused 

C
when two dissimilar 

metals are submerged 

in an electrolytic sub-

stance such as water, 

soil, or concrete. This 

type of metal conducting path between 

the two dissimilar metals allows a path-

way through which free electrons 

move from the more active metal (an-

ode) to the less active metal (cathode). 

If free electrons from the anode do not 

reach active sites on the cathode 

before the arrival of oxygen, ions at the 

active sites can then recombine to pro-

duce rust. . A major contributor to con-

crete deterioration is corrosion of 

Cathodic protection (CP) is a technique 

used to control (prevent or avoid) the 

corrosion of a metal by making it work 

as a cathode in an electrochemical cell. 

Application of CP on Reinforced Con-

crete (RC) structure is more recent than 

its use for marine steel structures or 

buried steel structures in soil. CP 

applied to RC structures is well 

described since decades both for exist-

ing RC structures (cathodic protection) 

or to new RC structures (cathodic pre-

vention). It can be applied to any metal-

lic structure in contact with a bulk elec-

trolyte although in practice its main use 

is to protect steel structures buried in 

soil or immersed in water. Cathodic pro-

Cathodic Protection of Reinforced 

Concrete Structures

CATHODIC PROTECTION
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tection systems are used to protect a 

wide range of metallic structures in vari-

ous environments. Its corrosion control 

method for protection of underground 

and undersea metallic structures, such 

as oil and gas pipelines, cables, utility 

lines and structural foundations. Cath-

odic protection is now widely applied in 

the protection of oil drilling platforms, 

dockyards, jetties, ships, submarines, 

condenser tubes in heat exchangers, 

bridges and decks etc. Cathodic protec-

tion connects the base metal at risk 

(steel) to a sacrificial metal that cor-

rodes in lieu of the base metal. The 

technique of providing cathodic protec-

tion to steel preserves the metal by pro-

viding a highly active metal that can act 

as an anode and provide free elec-

trons. By introducing these free elec-

trons, the active metal sacrifices its ions 

and keeps the less active steel from cor-

roding.

Cathodic protection works by placing 

an anode or anodes (external devices) 

in an electrolyte to create a circuit. Cur-

rent flows from the anode through the 

electrolyte to the surface of the struc-

ture. Corrosion moves to the anode to 

stop further corrosion of the structure. 

Galvanic anodes are available in a vari-

ety of configurations, including:

Ÿ Bare metal anodes including mag-

nesium, zinc, aluminum and other 

alloys

Ÿ Packaged in backfill for under-
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ground use

Ÿ Made with external steel straps for 

mounting to structures

Ÿ Ribbon types

Ÿ Rod and special shapes

Selection of cathodic Protection Sys-

tem

The following analysis is required for 

deciding a cathodic protection system

Ÿ Details of Structural Dimensions 

and drawings

Ÿ Surface Coating Scheme

Ÿ Details of Soil Strata / Terrain

Ÿ Presence of Foreign Metallic Struc-

tures

Ÿ Details of cased crossings

Ÿ History of corrosive areas

Ÿ Stray current conditions

Ÿ Operating Temperature

Ÿ Availability of AC Power

Ÿ Corrosion history of structures in 

the area

Ÿ Electrolyte resistivity and pH sur-

vey report to understand corro-

sion rate

Types of cathodic protection

Galvanic cathodic protection 

Galvanic cathodic protection is a corro-

sion prevention method that uses elec-

trochemical means to protect a base 

material from corrosion. It does this 

through the use of a sacrificial anode 

that corrodes before the material 

being protected by the sacrificial 

anode. Galvanic cathodic protection is 

one of the most commonly employed 

forms of cathodic protection because 

of its ease of use. Zinc, Magnesium or 

Aluminum metal alloys are commonly 

used as the anode, as these metal 

alloys have a native potential (more 

negative) than the cathode structure 

metal. The asset metal is typically steel, 

but depending on the environment 

and corrosive nature of the electrolyte, 

the asset metal may consist of stainless 

steel, ductile iron, aluminum and or oth-

ers. Sacrificial anode systems do not 

require an external power source, are 

self-controlling and require very little 

maintenance.

Impressed Current Cathodic Protec-

tion

Impressed current cathodic protection 

(ICCP) is a corrosion protection system 

consisting of sacrificial anodes con-

nected to an external power source. 

The external power source, often a DC 

power supply, provides the current nec-

essary to drive the electrochemical 

reaction required for cathodic protec-

tion to occur. In the absence of a DC 

power source, a transformer-rectifier 

connected to AC power can be used. 

Alternative sources may also be used 

to power the electrochemical cell, 

including wind, solar or gas-powered 

thermoelectric generators.

Galvanic cathodic protection Impressed Current Cathodic Protection



Impressed current cathodic protection 

systems are typically used in relatively 

large structures, where passive cath-

odic protection methods are ineffective 

or impractical. For example, passive 

cathodic protection is suitable for pro-

tecting individual structural members 

and appliances. However, this method 

generates minimal current, making it 

ineffective for protecting larger struc-

tures such as oil and gas pipelines and 

storage tanks.

Rather than depend on the natural 

potential difference between the 

anode and cathode material, ICCP sys-

tems use external sources to provide 

the necessary current. This increased 

current makes it possible for the cath-

odic protection to span a wider effec-

tive area.

Hybrid cathodic protection

Hybrid systems have been used for 

over a decade and incorporate the 

coordination, monitoring and high 

restorative current flow of ICCP sys-

06 November 2021  •  Constrofacilitator

CATHODIC PROTECTION

tems with the reactive, lower cost and 

easier to maintain galvanic anodes.

The system is made up of wired gal-

vanic anodes in arrays typically 400mm 

apart which are then initially powered 

for a short period to restore the con-

crete and power ionic migration. The 

power supply is then taken away and 

the anodes simply attached to the steel 

as a galvanic system. More powered 

phases can be administered if needed. 

Like Galvanic systems corrosion rate 

monitoring from polarisation tests and 

half-cell potential mapping can be used 

to measure corrosion. Polarization is 

not the goal for the life of the system.

Conclusion

Cathodic protection is a method to con-

trol the corrosion of steel in contami-

nated concrete that works by making 

the embedded reinforcing steel cath-

odic. When the steel becomes cath-

odic, hydroxyl ions are accumulated 

around it making it passive for a longer 

time. The reinforcing steel is electrically 

connected to another metal that 

becomes the anode with or without 

the application of an external power 

supply. Cathodic protection is used to 

protect almost any type of reinforced 

concrete structure, including horizontal 

slabs, walls, towers, beams, columns 

and foundations.
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Hybrid cathodic protection

Kalighat Setu: Focus on long-term repairs

olkata Metropolitan Develop-

Kment Authority (KMDA) is pre-
paring a project report for long-

term measures to renovate Kalighat 
Setu as the short-term repair work nears 
completion. It will include dismantling 
the structurally vulnerable portions of 
the bridge and retrofit rest of the bridge 
structure. 

“Retrofitting and strengthening work of 
the bridge is being done through micro-
concreting. All the support structures of 
the bridge, including the beams and 
pier walls, are being repaired through 
reinforcement and micro-concreting to 
remove the corroded portions. Work on 
the bridge’s superstructure is almost 
complete and now the corroded por-

tions on the piers of the bridge will be 
repaired,” said a KMDA official. The 
piers of the 60-year-old bridge had 
been badly corroded due to the acidic 
water of the canal. 

“As of now, the bridge’s upper structure 
is being repaired as short-term mea-
sures. A report for long-term corrective 
measures of the bridge is being pre-
pared and expected to be submitted to 
the government next month. The long-
term measures will include pulling down 
some portions of the bridge that are be-
yond repairs and renovate rest of the 
structure,” said a KMDA official. 

Officials said that eventually the plan is 
to reconstruct the entire bridge as the 

existing structure may not be able to 
continue taking extra load. “The objec-
tive of the ongoing short-term repair 
work is to strengthen the bridge for at 
least the next few years till long-term 
measures are being taken up,” said a 
bridge expert. 



Seismic retrofitting of reinforced 
concrete buildings

he seismic retrofitting of 

Treinforced concrete build-
ings not designed to with-
stand seismic action is con-
sidered. Seismic retrofit-
ting is the modification of 

existing structures to make them more 
resistant to seismic activity, ground 
motion, or soil failure due to earth-
quakes.

Seismic retrofitting is the modification 
of existing structures to make them 
more resistant to seismic activity, 
ground motion, or soil failure due to 
earthquakes. Every structure must 
have two load resisting systems, a ver-
tical load resisting system for transfer-
ring the vertical load to the ground and 
a horizontal load resisting system for 
transferring the horizontal load to the 
vertical load system. The seismic 
forces must be properly collected by 
the horizontal framing system and prop-
erly transferred into vertical lateral 
resisting systems. Any discontinu-
ity/irregularity in this load path or load 
transfer may cause one of the major 
contributions to structural damage dur-
ing strong earthquakes.

The problems faced by the structural 
engineer in case of earthquake vulner-
able buildings are to obtain sufficient 
records of buildings such as architec-
tural and structural drawings, structural 
design calculations, material proper-
t ies,  detai ls  of  foundat ion and 
geotechnical reports.

Why do we need seismic retrofitting?

Ÿ For ensuring safety and security of 
a building

Ÿ To reduce hazards and losses from 

Deviation solutions are available. Our 
engineers can also configure the moni-
toring of stressing forces to support our 
Infrastructure Intelligence service. Typi-
cal applications for external tendons 
with strands and wires include bridge 
construction projects, where they are 
used as longitudinal tendons between 
bulkheads, and in the prestressing of 
concrete and hybrid wind towers, 
where they are used as vertical ten-
dons. Pre-stressing can increase the 
capacity of structural elements such as 
beam, column and beam-column 
joints. External pre-stressing has been 
used for structural upgrade for grav-
ity/live loading.

Seismic Base Isolation

Base isolation technology can make 
medium-rise masonry (stone or brick) 
or reinforced concrete structures capa-
ble of withstanding earthquakes, pro-
tecting them and their occupants from 
major damage or injury. It is not suit-
able for all types of structures such as 
taller buildings, as base isolators have 
a limited ability to cope with tension, 
meaning a taller building could over-
turn or topple during an earthquake. 
The building site will also be an impor-
tant consideration when looking at 
base isolator use, for example, there 
may not be sufficient space to incorpo-

non-structural elements
Ÿ Structural improvement to reduce 

seismic hazard
Ÿ To be aligned with upgraded codes
Ÿ To address the lateral strength or 

stiffness and lateral displacement 
or ductility of the structures

Ÿ To sustain these lateral deforma-
tions

Ÿ To modify Discontinuous Load path

Seismic retrofit techniques for 
existing RC Buildings

The selection of seismic retrofitting 
depends on the horizontal and vertical 
load resisting system of the structure 
and the type of materials used for par-
ent construction. The understanding of 
the mode of failure, structural behav-
iour and weak and strong design 
aspects as derived from the earth-
quake damage surveys exercise con-
siderable influence on the selection of 
retrofitting methods of buildings. Seis-
mic retrofitting is achieved by the inclu-
sion of structural improvements that 
may prevent the building and people 
from damage by seismic waves.  Dif-
ferent techniques are discussed 
below;

External post-tensioning

Post-tensioning tendons with strands 
and wires can be stressed if required. 

SEISMIC RETROFITTING 
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rate a moat around the building. Fur-
thermore, base isolation is designed 
for hard soil, not soft. Base isolation is a 
collection of structural elements of a 
building that should substantially 
decouple the building's structure from 
the shaking ground thus protecting the 
building's integrity and enhancing its 
seismic performance. This earthquake 
engineering technology, which is a kind 
of seismic vibration control, can be 
applied both to a newly designed build-
ing and to seismic upgrading of exist-
ing structures. Normally, excavations 
are made around the building and the 
building is separated from the founda-
tions. Steel or reinforced concrete 
beams replace the connections to the 
foundations, while under these, the iso-
lating pads, or base isolators, replace 
the material removed.

Concrete Shear Walls

Shear walls possess adequate lateral 
stiffness to reduce interstorey distor-
tions due to earthquake-induced 
motions. It is a structural member used 
to resist lateral forces. For slender walls 
where the flexural deformation is more, 
shear wall resists the loads due to can-
tilever action. In other words, shear 
walls are vertical elements of the hori-
zontal force resisting system. In this 
type, concrete structures are generally 
designed in such a way that the lateral 
seismic load and gravity load is carried 
by consistent shear walls. These struc-
tures have no beams or columns, and 
the earthquake-resistant system relies 
solely on concrete shear walls. Shear 
wall system is one of the most common 
and effective lateral load resisting sys-
tems that is widely used in medium- to 
high-rise buildings.

Steel Braced Frames

They are widely used as lateral-load 
resisting systems in buildings. The stan-
dard bridge or roof truss is loaded verti-
cally by gravity and spans horizontally, 
while the braced frame is loaded pri-
marily horizontally by seismic inertia 
loads and acts as a vertical cantilever. 
The source of truss' stability is based 
on its basic unit of triangle which is a 
structural unit that resists structural 
loads via development of axial forces in 
its members. Pure truss action results 
when the forces in the members are 
aligned with the centerlines of pinned 
joints. Concentrically braced frames 
(CBFs) join beams, columns, and 
braces at common work points.
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Supplementary Damping

Supplementary dampers absorb the 
energy of motion and convert it to heat, 
thus damping resonant effects in struc-
tures that are rigidly attached to the 
ground. In addition to adding energy 
dissipation capacity to the structure, 
supplementary damping can reduce 
the displacement and acceleration 
demand within the structures. The 
device simply responds to the struc-
ture's movement according to basic 
physical principles and helps reduce it. 
Thus the moving mass supplements 

the damping already inherent in the 
structure. A properly designed damp-
ing system can easily double or triple 
the inherent damping capacity of a tra-
ditionally designed structure. The 
result is far superior response.

Moment-Resisting Steel Frames

Moment-resisting frame is a rectilinear 
assemblage of beams and columns, 
with the beams rigidly connected to the 
columns. Resistance to lateral forces is 
provided primarily by rigid frame action 
- that is, by the development of bending 
moment and shear force in the frame 
members and joints. By virtue of the 
rigid beam–column connections, a 
moment frame cannot displace later-
ally without bending the beams or col-
umns depending on the geometry of 
the connection.

Jacketing

Jacketing is a method of structural 
retrofitting and strengthening It is used 
to increase bearing load capacity fol-
lowing a modification of the structural 
design or to restore structural design 
integrity due to a failure in the structural 
member. This technique is used on ver-
tical surfaces such as walls, columns 
and other combinations such as beam 
sides and bottoms. It consists of 



added concrete with longitudinal and 
transverse reinforcement around the 
existing column. Jacketing is the pro-
cess whereby a section of an existing 
structural member is restored to origi-
nal dimensions or increased in size by 
encasement using suitable materials. 
A steel reinforcement cage or compos-
ite material wrap can be constructed 
around the damaged section onto 
which shotcrete or cast-in-place con-
crete is placed.

Jacketing is particularly used for the 
repair of deteriorated columns, piers, 
and piles and may easily be employed 
in underwater applications. The 
method is applicable for protecting con-
crete, steel, and timber sections 
against further deterioration and for 
strengthening.

Concrete Diaphragm walls

The diaphragms allow the walls or 
frames to work as a group in resisting 
lateral forces. The vertical structural ele-
ments that resist lateral forces would 
be a disorganized crowd trying to func-
tion alone if they weren't l inked 
together. Due to out-of-plane resis-
tance capacities are very small for 
walls, moment-resisting frames, and 
braced frames, it is only through the dia-
phragms that the vertical elements can 
transmit their stabilizing effect to other 
elements.

FRP composites

In recent years it has been found that 
among various retrofitting methods, 
seismic retrofit with FRP materials has 
gained notable acceptance. Retrofit-
ting with FRP materials is now exten-
sively being used as a seismic retrofit-
ting method and it is a technically 
sound and cost effective repairing tech-
nology. FRP Composites FRP Systems 
are used to enhances structural capac-
ity of members in shear, flexure, com-
pression, to aid in blast mitigation, 
upgrades for seismic loads and to con-
trols propagation of existing cracks. 
Application of FRP Systems is mainly 
for Fiber wrapping, Near surface Rein-
forcement and Pultruded FRP plate 
bonding.

Fill and overpass 

Elevated roadways are typically built 
on sections of elevated earth fill con-
nected with bridge-like segments, 
often supported with vertical columns. 
If the soil fails where a bridge termi-
nates, the bridge may become discon-
nected from the rest of the roadway 
and break away. The retrofit for this is to 
add additional reinforcement to any 
supporting wall, or to add deep cais-
sons adjacent to the edge at each end 
and connect them with a supporting 
beam under the bridge. Another failure 
occurs when the fill at each end moves 
(through resonant effects) in bulk, in 
opposite directions. If there is an insuf-
ficient founding shelf for the overpass, 
then it may fall. Additional shelf and 
ductile stays may be added to attach 
the overpass to the footings at one or 
both ends.

Conclusion

Seismic retrofit aims on the modifica-
tion of existing structures to enhance 
their capability to resist earthquakes. It 
is achieved by the inclusion of struc-
tural improvements that may prevent 
the building from damage by seismic 
waves. In seismic zones, retrofitting 
may be essential for the bridges, over-
passes, tunnels, and buildings, while 
the new construction would require 
compliance to seismic standards.
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nology. It uses carbon fiber fabrics on the 
surface of the concrete to form a composite 
that works in coordination with concrete to 
strengthen the component structure and im-
prove its mechanical performance. The 
method can be used on nearly any type of 
structural member to harden and increase 
structural capacity and protect against up-
lift, progressive collapse, and spalling. The 
method provides solidarity to structures 
and ensures against further consumption 
and disintegration.

nlike traditional retrofit or 

U
reconstruction  tech-
niques that require demo-
lition and reconstruction 
of part or whole failing 
structures, Carbon wrap 
goes right over the exist-

ing substrate. This minimizes disruption dur-
ing repair and saves significantly on installa-
tion time and costs. The carbon wrap tech-
nology utilizes carbon fiber that has very 
high tensile strength and is also very light-

 structure may require res-

A
toration and retrofitting due 
to upgrading of design stan-
dards, increased safety re-
quirements, change in its 
function, loads can increase 
or higher building stan-

dards become required and the structure 
must be made compliant. In such scenarios 
appropriate method and material is a pre-
requisite to regaining its structural strength. 
One such method is Carbon fiber wrap tech-

Carbon Fiber Wrapping for Retrofitting of 
Structures 

CARBON FIBRE WRAPPING
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weight. When bonded to the exterior of a 
concrete column, beam, or slab, it can add 
significant strength without adding weight 
that would increase the load on foundations 
and other structural members. 

Advantages of Carbon Fiber Wrapping

The reinforcement technology of carbon-
wrapped columns has the least interference 
to structural members. Effective use of car-
bon fiber reinforced concrete or polymers 
can significantly increase the life of the 
structure and minimize maintenance re-
quirements. The columns wrapped in car-
bon fiber are corrosion resistant, so they are 
used for corrosion control and repair of rein-
forced concrete structures. Carbon fiber rein-
forced concrete and carbon wrapped col-
umns are also widely used to strengthen 
concrete structures. Carbon fiber is one of 
these materials, which is usually used in 
combination with other materials to form a 
composite. The properties of carbon fiber, 
such as high stiffness, high tensile strength, 
low weight, high chemical resistance, high 
temperature tolerance and low thermal ex-
pansion makes them one of the most popu-
lar materials in civil engineering. Its advan-
tages includes; 

Ÿ Corrosion resistance
Ÿ Short construction period
Ÿ No maintenance required
Ÿ The increased flexural capacity of col-

umn, beam, and slabs
Ÿ Spall protection
Ÿ Hardening of the structural member 

without significantly increasing its size
Ÿ Adds strength to concrete

Ÿ Increases load carrying capacity
Ÿ Minimal change to structure's shape 

and appearance
Ÿ Faster installation
Ÿ Protection from environmental degra-

dation

Applications of Carbon Fiber Wrapping

Carbon Fiber Wrapping System works best 
for projects subject to progressive collapse 
and corrosion, including:

Ÿ Slabs
Ÿ Piers
Ÿ Timber Piles
Ÿ Docks
Ÿ Dams
Ÿ Bridges
Ÿ Beams
Ÿ Commercial piping
Ÿ Shaft foundations
Ÿ Pile foundations
Ÿ Seawalls
Ÿ Cement columns
Ÿ Pen Stocks
Ÿ Water Intake and Discharge Systems

Conclusion

Carbon fiber wrapping provides significant 
strength to structures and protects against 
further corrosion and erosion. The impervi-
ous material will protect a structure from 
moisture intrusion and further corrosion. 
There are many reasons for strengthening a 
structure, such as decreased performance 
due to fatigue, a change of use, increased 
loading or required modifications. The car-
bon fiber wrapping can be applied in single 
or multiple layers depending on the level of 
strengthening or increased structural capac-
ity to be achieved. The selection of the right 
composite becomes pivotal in carbon wrap-
ping, take the advice of the experts in this re-
gard. In this article, we have discussed the 
advantages of carbon fiber wrapping, in an 
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icro concrete is a 

Mspecialized high 
s t r e n g t h  n o n 
shrink, free flow 
concrete used for 
s t r eng then ing , 

retrofitting & repair of structural and non-
structural members of building columns, 
beam jacketing, slab & bridge repairing. It 
is supplied as a ready to use dry powder 
which requires only addition of clean 
water at site to produce a free flowing 
non shrink repair micro concrete. This is a 
cementitious material, with additives, 
which impart controlled expansion char-
acteristics in the plastic state with reduced 
water demand.

It is designed for use in medium & large 
volume repairs. This is a cementitious 
material, with additives, which impart con-
trolled expansion characteristics in the 
plastic state while minimizing water 
demand. This is specially designed for 
repairs to damaged reinforced concrete 
elements, particularly where areas are 
restricted and where vibration of the 
placed material is difficult.

Advantages:

Microconcrete combination of cement, 
high quality graded fine aggregate, 
shrinkage compensating agents and dis-
persion agents in powder form marketed 
as dry powder in packets by construction 
chemical companies. This is to be mixed 
with a predetermined amount of water 
depending on the consistency sought – 
trowelable or pourable. Applied as repair 
mortar or to fill the crevices which cannot 
be done by conventional concrete. Its 
advantages includes.

Ÿ Designed as a Ready mix factory 
packed & premixed product so con-
sistent performance is guaranteed

reinstatement
Ÿ Makes repaired sections highly dura-

ble
Ÿ Rapid strength gain to facilitate early 

reinstatement
Ÿ Can be pumped or poured into 

restricted locations

It is applied for Jacketing of RCC columns 
to increase load taking capacity (strength-
ening of a vertical member).

Conclusion

Micro concrete has been used in several 
applications in buildings and structures as 
it offers a durable, contemporary, and 
seamless finish.

Ÿ Shrinkage compensated
Ÿ Offers high initial strength & sus-

tained long term strength & perfor-
mance

Ÿ Fast drying
Ÿ Self flowable
Ÿ Can be pumped or poured into 

restricted locations
Ÿ Flow able mortar hence does not 

require compaction
Ÿ Develop high initial and ultimate final 

strengths
Ÿ Offers excellent resistance to mois-

ture ingress
Ÿ Makes repaired sections highly dura-

ble 
Ÿ Contains no chloride admixture. 

Rapid strength gain to facilitate early 
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Micro Concrete for retrofitting 
of structures 
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INJECTION GROUTING

njection grouting is a retrofitting 

Itechnique due to i t s  cost -
effectiveness& ease of construc-
tion. It is a process of application 
of new material in cracks / voids / 

honeycombs in concrete surfaces. The 
system involves filling Cement slurry or 
waterproofing chemicals for reducing 
crack, voids, and honeycomb from the 
concrete. This process is adopted to 
repair damaged old concrete structural 
members and strengthen them. Grout-
ing can be done in various methods but 
the injection method is adopted for 
accuracy and time-saving.

Grout is basically a flowable plastic 

material that has low shrinkage and is 
widely used for filling voids or gaps com-
pletely and will remain stable without 
cracking. The selection of the types of 
grout for the masonry repairing work 
depends upon the compatibility of the 
grout with the original material.

Properties of grouting material

Ÿ Non-shrinkable
Ÿ Must expand when it is filled in the 

cracks or voids
Ÿ Should sustain compressive loads
Ÿ Must possess tensile strength and 

vibratory load resistance
Ÿ Easy to apply

Different Types of Grouting Materials

Ÿ Cement grout or cement-based 
mortars

Ÿ Cement sand with additive grouts
Ÿ Polymer Modified cement grout
Ÿ Epoxy resin

Advantages of injection grouting sys-
tem

Ÿ Easy to apply
Ÿ Fast-setting
Ÿ High penetration capacity
Ÿ Suitable to both RCC / NON-RCC) 

structures
Ÿ Prevents soil permeability and 

Injection grouting for retrofitting of 
building and structures



water leakage
Ÿ Well-suited for the repair of foun-

dation in old construction
Ÿ Durable
Ÿ Increases soil density

Types of injection grouting system

Ÿ Polymer injection grouting- done 
with polymers like polyester epoxy, 
vinyl ester, polyurethane, and 
acrylic resins. The polymer is a 
widely used epoxy grout. The poly-
mer injection grouting is available 
as grout materials such as liquid 
resin content, curing agent and 
aggregate.

Ÿ Fiber-Reinforced Injection Grout-
ing- this includes polypropylene, 
steel, or glass fibers are generally 
used for Portland cement to repair 
and strengthen the structural mem-
bers. Fiber-reinforced injection 
grouting is resistant to impact and 
offers good flexural strength and 
ductility. 

Ÿ Gas-forming injection grouting- 
uses gas bubbles to expand the 
grout to compensate for shrinkage 
of grout after its application. These 

types of gas Bubbles will develop 
ingredients with the cement slurry. 
It requires correct confinement to 
develop good strength and volume 
stability. 

Ÿ Cement-Sand Injection Grouting- a 

higher amount of water and 
cement content. The use of cement 
sand grouting will result in shrink-
age and cracking of grouting at the 
hardening stage.

Ÿ Sulfo-aluminate Injection Grouting 
- in these types of grouting, the 
shrinkage compensating cement or 
anhydrous Sulfo-aluminate expen-
sive additives are used. 

Applications of Injection Grouting

It is used for repairing the cracks and 
strengthening the damaged or deterio-
rated structures. Its application includes;

Ÿ Reduce or fill the cracks or voids in 
the structural members

Ÿ Repairing the cracks in walls col-
umns and other structural mem-
bers

Ÿ Providing finishing to the wall
Ÿ Settlement of foundation
Ÿ Repairing the damage in the struc-

tural or masonry members
Ÿ For the honeycombing
Ÿ Making walls waterproof
Ÿ Avoiding seepage of water in stone 

masonries
Ÿ Strengthening tunnel linings

INJECTION GROUTING
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the strength of structural members 

even after they have been severely 

damaged due to loading conditions. In 

the case of damaged reinforced con-

crete members, this would first require 

the repair of the member by removing 

loose debris and filling in cavities and 

cracks with mortar or epoxy resin. 

Once the member is  repaired, 

strengthening can be achieved through 

wet, hand lay-up of fiber sheets 

impregnated with epoxy resin, applied 

to the cleaned and prepared surfaces 

of the member. Slabs may be strength-

ened by applying FRP strips at their bot-

tom (tension) face. This will result in 

better flexural performance since the 

tensile resistance of the slabs is supple-

mented by the tensile strength of FRP. 

In the case of beams and slabs, the 

effectiveness of FRP strengthening 

depends on the performance of the 

resin chosen for bonding. This is partic-

ularly an issue for shear strengthening 

using side bonding or U-wraps. Col-

umns are typically wrapped with FRP 

around their perimeter, as with closed 

or complete wrapping. This not only 

results in higher shear resistance but is 

more crucial for column design, it 

etrofitting is the modi-

Rfication of existing 

structures to make 

them more resistant 

to seismic activity, 

ground motion etc. 

Many of the existing reinforced con-

crete structures throughout the world 

are in urgent need of rehabilitation, 

repair or reconstruction because of 

deterioration due to various factors like 

corrosion, lack of detail, failure of bond-

ing between beam-column joints etc. 

These can be addressed with. Fiber-

reinforced polymer. It is a composite 

material made of a polymer matrix rein-

forced with fibers. They are being used 

to enhance the structural capacity of 

members in shear, flexure, compres-

sion, to aid in blast mitigation, 

upgrades for seismic loads and to con-

trol the propagation of existing cracks. 

They have a high ratio of strength to 

density, exceptional corrosion resis-

tance and convenient electrical, mag-

netic and thermal properties.

FRP can be applied to strengthen the 

beams, columns, and slabs of buildings 

and bridges. It is possible to increase 

results in increased compressive 

strength under axial loading. The FRP 

wrap works by restraining the lateral 

expansion of the column, which can 

similarly enhance confinement as spi-

ral reinforcement does for the column 

core.

Advantages Fibre Reinforced Poly-

mer (FRP)

Ÿ Faster installation time

Ÿ Lightweight material

Ÿ Resistance to corrosion & very little 

maintenance

Ÿ Cost savings

Ÿ Can be recycled. 

Ÿ Design flexibility

Ÿ Durable; 

Ÿ Resists the harsh effects of weath-

ering, degradation, and aging in 

severe environments.

Ÿ Less maintenance.

Types of Fibre Reinforced Polymer 

(FRP)

Manufacturers use different types of 

fibers that offer varying properties, 

pros, and cons. In structural FRP appli-

cations, fibers are used in the continu-

Fiber-reinforced polymers for retrofitting 

of structures 
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ous and unidirectional form as fibers 

provide ultimate performance when 

they are in a single direction. Three of 

the commonly used fibers are carbon, 

glass, and aramid. The selection of 

fibers depends on several factors such 

as budget constraints, availability, and 

required performance. Different types 

of Fibre Reinforced Polymer are dis-

cussed below.

Glass Fiber Reinforced Polymer 

(GFRP)

Glass fiber reinforced polymer also 

known as glass fiber reinforced plastic 

is a composite material weaving fiber E-

glass and polyester material together. 

The polymer matrix is usually an epoxy, 

vinyl ester, or polyester thermosetting 

resin. The resin brings environmental 

and chemical resistance to the product, 

is the binder for the fibers in the struc-

tural laminate and defines the form of 

a GRP part. The glass fibers add 

strength to the composite. They may 

be randomly arranged, or conveniently 

oriented. Its benefits include low 

weight at high mechanical strength, 

resistance against chemicals and corro-

sion, UV radiation and temperature sta-

bility, and environmental friendliness.

Carbon Fiber Reinforced Polymer 

(CFRP) 

A carbon-fiber-reinforced polymer 

(CFRP) refers to a type of durable and 

strong material that is composed of 

linked-chain carbon atoms in a matrix 

structure of polymer resin. These poly-

mers are highly corrosion resistant. Car-

bon fiber reinforced polymers are com-

posite materials that rely on the carbon 

fiber to provide strength and stiffness 

while the polymer provides a cohesive 

matrix to protect and hold the fibers 

together and provides some tough-

ness. It is applied to enhance shear 

strength of reinforced concrete by 

wrapping fabrics or fibers around the 

section to be strengthened. Wrapping 

around sections (such as bridge or 

building columns) can also enhance 

the ductility of the section, greatly 

increasing the resistance to collapse 

under earthquake loading. Such 'seis-

mic retrofit' is the major application in 

earthquake-prone areas, since it is 

much more economic than alternative 

methods.

Aramid Fiber Reinforced Polymer 

(AFRP) 

Aramid Fiber Reinforced Polymer 

(AFRP) are used as internal reinforce-

ment of concrete structures for years. 

Their main advantages over common 

reinforcing steel rebars rely on their 

lightness, durability performances, 

mechanical properties, and electro-

magnetic neutrality. For this applica-

tion, interfacial properties between the 

rebars and surrounding concrete play 

a major role on the mechanical perfor-

mances of the reinforced concrete 

structure. They have high strength, a 

high elastic modulus, and 40% lower 

density than glass fibers. The cost of 

aramid fibers is higher than glass and 

basalt fibers making them less com-

mon in structural applications. In addi-

tion, aramid fibers will absorb moisture 

so careful storage and planning of a 

project using aramid fibers is critical 

until the fibers have been impregnated 

with a polymer matrix.

Conclusion

Composite materials have grown in 

popularity because they offer both the 

performance of conventional building 

materials with additional key benefits. 

For instance, fiber-reinforced polymer 

(FRP) composites, in particular, offer an 

optimal strength-to-weight ratio along-

side superior durability, corrosion resis-

tance, and affordability. The major 

driver for market growth is the rise in 

demand for electrical and electronic, 

wind energy, and pipe and tank appli-

cations due to an increase in the num-

ber of government projects like smart 

cities development, eco-friendly energy 

generation, sewage treatment system, 

retrofitting of water and sewage pipe-

lines. The composites industry, also 

known as the fiber-reinforced plastics 

(FRP) industry, expects the govern-

ment's 'Make in India' initiatives also to 

give a big impetus to future growth. 
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