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, 

Retrofitting Techniques are required for concrete constructions which 

are vulnerable to damage and failures by seismic forces. In the past 

thirty years, moderate to severe earthquakes occurs around the world 

every year. Such events lead to damage to the concrete structures as 

well as failures. 

Thus the aim is to Focus on a few specific procedures which may 

improve the practice for the evaluation of seismic vulnerability of 

existing reinforced concrete buildings of more importance and for their 

seismic retrofitting by means of various innovative techniques such as 

base isolation and mass reduction. 

So Seismic Retrofitting is a collection of mitigation technique for 

Earthquake engineering. It is of utmost importance for historic 

monuments, areas prone to severe earthquakes and tall or expensive 

structures. 

Keywords: Retrofitting, Base Isolation, Retrofitting Techniques, 

Jacketing, Earthquake Resistance 

1. Introduction to Seismic Retrofitting Techniques: 



Earthquake creates great devastation in terms of life, money and 

failures of structures. 

Upgrading of certain building systems (existing structures) to make 

them more resistant to seismic activity (earthquake resistance) is really 

of more importance. 

Structures can be (a) Earthquake damaged, (b) Earthquake vulnerable 

Retrofitting proves to be a better economic consideration and 

immediate shelter to problems rather than replacement of building. 

1.1 Seismic Retrofitting of Concrete Structures: 

Definition: 

It is the modification of existing structures to make them more resistant 

to seismic activity, ground motion, or soil failure due to earthquakes. 

The retrofit techniques are also applicable for other natural hazards 

such as tropical cyclones, tornadoes, and severe winds from 

thunderstorms. 

1.2 Need for Seismic Retrofitting: 

To ensure the safety and security of a building, employees, structure 

functionality, machinery and inventory 

Essential to reduce hazard and losses from non-structural elements. 

predominantly concerned with structural improvement to reduce 

seismic hazard. 

Important buildings must be strengthened whose services are assumed 

to be essential just after an earthquake like hospitals. 



1.3 Problems faced by Structural Engineers are: 

Lack of standards for retrofitting methods – Effectiveness of each 

methods varies a lot depending upon parameters like type of 

structures, material condition, amount of damage etc., 

1.4 Basic Concept of Retrofitting: 

The aim is at: 

Upgradation of lateral strength of the structure 

Increase in the ductility of the structure 

Increase in strength and ductility 

2. Classification of Retrofitting Techniques: 



  

Fig 1: Retrofitting Techniques for Reinforced Concrete Structures 

2.1 Adding New Shear Walls: 

Frequently used for retrofitting of non ductile reinforced concrete 

frame buildings. 

The added elements can be either cast?in?place or precast concrete 

elements. 



New elements preferably be placed at the exterior of the building. 

Not preferred in the interior of the structure to avoid interior 

mouldings. 

< 

Fig 2: Additional Shear Wall 

2.2 Adding Steel Bracings 

An effective solution when large openings are required. 

Potential advantages due to higher strength and stiffness, opening for 

natural light can be provided, amount of work is less since foundation 



cost may be minimized and adds much less weight to the existing 

structure. 

Adding STEEL Bracings: 

 

Fig 3: RC Building retrofitted by steel bracing 

2.3 Jacketing (Local Retrofitting Technique): 

This is the most popular method for strengthening of building columns. 

 Types of Jacketing: 

1.Steel jacket, 

Reinforced Concrete jacket, 

Fibre Reinforced Polymer Composite (FRPC) jacket 

Purpose for jacketing: 

To increase concrete confinement 

To increase shear strength 



To increase flexural strength 

< 

Fig 4: Column Jacketing  

 



Fig 5: Beam Jacketing 

2.4 Base Isolation (or Seismic Isolation): 

Isolation of superstructure from the foundation is known as base 

isolation. It is the most powerful tool for passive structural vibration 

control technique. 

 

Fig 6: Base Isolated Structures (a)Model Under Test, (b) Diagrammatical 

Representation 

2.4.1 Advantages of Base Isolation 

Isolates Building from ground motion – Lesser seismic loads, hence 

lesser damage to the structure, -Minimal repair of superstructure. 

Building can remain serviceable throughout construction. 

Does not involve major intrusion upon existing superstructure 



2.4.2 Disadvantages of Base Isolation 

Expensive 

Cannot be applied partially to structures unlike other retrofitting 

Challenging to implement in an efficient manner 

2.5 Mass Reduction Technique of Retrofitting: 

This may be achieved, for instance, by removal of one or more storey’s 

as shown in Figure. In this case it is evident that the removal of the 

mass will lead to a decrease in the period, which will lead to an increase 

in the required strength. 

 

Fig 7: Seismic Retrofitting by Mass reduction (removal of Storey) 

2.6 Wall Thickening Technique of Retrofitting: 

The existing walls of a building are added certain thickness by adding 

bricks, concrete and steel aligned at certain places as reinforcement, 



such that the weight of wall increases and it can bear more vertical and 

horizontal loads, and also its designed under special conditions that the 

transverse loads does not cause sudden failure of the wall. 

3. Indian Standard Codes for Earthquake Design of Structures: 

IS: 1893-2002 (part-1) Criteria for Earthquake Resistant Design of 

Structures (Part 1 : General Provision and Buildings) – Code of Practice 

IS: 4326-1993 Earthquake Resistant Design and Construction of 

Buildings – Code of Practice 

IS: 13920-1993 Ductile Detailing of Reinforced Concrete Structures 

subjected to Seismic Forces – Code of Practice 

IS: 13935-1993 Repair and Seismic Strengthening of Buildings – 

Guidelines 

IS: 13828-1993 Improving Earthquake Resistance of Low Strength 

Masonry Buildings – Guidelines 

IS: 13827-1993 Improving Earthquake Resistance of Earthen Buildings – 

Guidelines 

4. Conclusion – Seismic Retrofitting Techniques for concrete structures: 

Seismic Retrofitting is a suitable technology for protection of a variety 

of structures. 

It has matured in the recent years to a highly reliable technology. 

But, the expertise needed is not available in the basic level. 



The main challenge is to achieve a desired performance level at a 

minimum cost, which can be achieved through a detailed nonlinear 

analysis. 

Optimization techniques are needed to know the most efficient retrofit 

for a particular structure. 

Proper Design Codes are needed to be published as code of practice for 

professionals related to this field. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



• New chapter:- 

• (Soil Reinforcement  Techniques):- 

 
In simple terms, soil reinforcement is a technique used to improve the 

stiffness and strength of soil using geo-engineering methods. A long 

time ago, natural fibre was used to reinforce the soil. This old technique 

did not have a high yield and required a lot of time for the soil to 

recover. 

In geotechnical engineering, soil is restored and reinforced with the 

distribution of minerals and soil nutrients. Soil reinforcement is 

necessary in lands where chances of erosion are high. It is particularly 

useful in areas with soft soil as it cannot provide adequate support to any 

construction or building. This type of soil is also highly susceptible to 

various environmental and natural factors such as high compressibility, 

poor shear strength, temperature changes, etc. 

In soil reinforcement, different engineering techniques are used to 

enhance the soil strength. One product that is available is geogrids. 

Geotextiles are another popular option as they are cost-effective, more 

profitable and highly adaptable. This serves to maximise the 

reproducibility of soil and thickens the soil volume for increased 

strength. 

A geotextile is a woven permeable fabric. In geotechnical and 

bioengineering, it is used for separation, filtration, protection, 

reinforcement and drainage of soil. It allows a two-way exchange: across 

the fibre and within the fibre. With over 80 applications, geotextiles are 

manufactured with polymer, propylene, or high density polyethylene 

depending on the soil requirements. Generally, there are three types of 

manufacturing methods for geotextiles: pressing, felting and weaving. 

How is Soil Reinforcement Done? 

Soil reinforcement is performed by placing tensile elements in the soil to 

enhance its natural stability and strength. This is achieved by bringing 

reinforcement elements in contact with surfaces in the aggregate and 

http://www.climatecentral.org/gallery/graphics/geoengineering_schemes
https://en.wikipedia.org/wiki/Geotextile#Applications


sub-base of soil mass. When pressure on the soil mass causes a strain on 

the reinforcements, it creates a tensile load which can resist soil 

movement and provide additional support for increased strength. This 

way, a soil-reinforcement system is created which provides greater shear 

strength than the soil mass alone. 

Challenges in Soil Reinforcement 

Soil reinforcement plans are always customized according to the soil 

texture and its load bearing capacity. Due to a wide variety of soil and 

load variants, bioengineers experience a number of challenges during 

soil reinforcement. These include: 

For Embankments on Weaker Foundations 

For embankments on weaker foundations such as airports near sandy 

ground, the biggest challenge is to reinforce the soil and stabilise it. 

For Steeping Slopes 

Layers of geotextile are placed strategically on the land to steepen soil 

slopes. The purpose is to increase the tensile strength of the soil for 

minimal sliding or rotation. 

For Retaining Walls 

Different kinds of wall applications are blended with geotextiles such as 

on-site fills to reinforce soil supporting walls. Geotextile provides an 

alternative to traditional cast-in-place concrete structures for retaining 

walls. 

Subgrade Stabilizing 

The tensile strength of soft and organic soil is low. The initial cost of 

traditional land filling can be up to 50% higher than the cost of soil 

reinforcement with geotextiles. Geotextiles can be used to distribute the 

load uniformly within the soil and minimize the displacement of small 

soil particles. Hence, geotextiles are a low cost alternative to traditional 

sub-grade displacement, excavation followed by replacement and 

chemical soil stabilizing techniques. 

For Reinforcing the Base Course 



The load bearing capacity of soft soil can be improved by increasing the 

tensile strength of granular base course material. Geotextile increases the 

tensile strength of soil by increasing its load bearing capacity at the 

granular base structure. A grid structure is commonly used for 

reinforcing the granular base course. 

For Closing a Soft Site 

Geotextiles  are a cost-effective method of reinforcing soft soils in areas 

such as lagoons, sludge ponds, etc. Geotextiles can strengthen soft soil 

by providing high tensile support and anti-deformation capability to 

support building structures and improve the quality of soil body. 

Different Ways of Reinforcing Soil 

 

 

Ground Cover 
Covering the soil with mulch or plants helps reinforce the dirt. The root 

system of the plant ground cover helps reinforce the soil by holding it in 

place. The leaves of dense plant ground cover reduce displaced soil from 

raindrops. Choose plants that cover the dirt as much as possible for the 

best erosion control, such as Asian jasmine, Serbian bellflower or 

Taiwan raspberry. Avoid plants considered invasive in the local area, 

such as English ivy or periwinkle. Mulching involves spreading a layer 

of material like straw, wood chips or gravel to cover the soil completely. 

The mulch material also retains moisture, preventing dusty soil 

conditions that increase the chances of soil blowing away. 



Plants 
An alternative to planted ground cover that covers the entire area is to 

grow individual plants. Complement existing growth with additional 

plants, such as shrubs, trees and flowering plants. Larger plants typically 

have deeper and wider root systems to reinforce the soil. The foliage 

spans over the dirt, diffusing rain as it falls to prevent washing soil 

away. Choosing native plants enables them to grow more vigorously 

with less need for supplemental watering. 

Terracing 
A slope increases the chance of soil erosion as the water runs down the 

hill. For long, steep slopes, terracing is an option to keep the soil in 

place. Terraces slow the water so it doesn't rush down the hill, carrying 

soil with it. A series of short retaining walls going down the slope is a 

simple way for a homeowner to create terraces. Ground cover planted on 

the terraced ground provides additional stability for the soil. 

Geotextiles 
A geotextile is fabric made from synthetic fibers woven together to form 

a porous material. The fabric is spread over the soil, fitting firmly 

against it to reinforce it and prevent erosion. This reinforcement method 

is often used during construction to keep soil in place until more 

permanent structures and ground cover are established. In some cases, 

the fabric is spread over the soil temporarily after planting seeds to 

protect them from washing away or becoming damaged as they begin 

growing. 

10 TYPES OF GEOSYNTHETICS USED FOR 

GROUND IMPROVEMENT 

GEOSYNTHETICS FOR GROUND IMPROVEMENT 

Long ago, when difficult sites for construction purposes were to be dealt, 

the conventional practice was limited to either the replacement of 

unsuitable soils or adopting suitable foundation which sometimes 

increases the cost of foundations. Innovative soil modification 

approaches are evolved to solve soil related problems. One among them 



is the usage of geo-synthetics. When used to enhance the soil strength 

they have following advantages. 

▪ They are space savings, 

▪ Better material quality control, 

▪ Better construction quality control, 

▪ Cost savings, 

▪ Technical superiority, 

▪ Construction time saving, 

▪ Material deployment, 

▪ Material availability, 

▪ Environmental sensitivity. 

DIFFERENT TYPES OF GEOSYNTHETICS 

10 different types of geosynthetics are given below. 



1. GEOTEXTILES 

Geotextiles  

Geo-textiles are indeed textiles in a traditional sense, but consist of 

synthetic fibres rather than natural ones like cotton, wool and silk. Thus 

bio-degradation is not a problem. The major point is that they are porous 

to water flow across their manufactured plane and also within their 

plane, but to a widely varying degree. Geo-textile Polymer is 

manufactured from polyester or polypropylene. Polypropylene is a 

material lighter than water (it has a specific gravity of 0.9). It is 

considered to be strong and very durable. Polyesters used are heavier 

than water and it gives excellent strength and creep properties. There are 



two types of geotextiles. They are woven and non-woven geotextiles. 

The woven yarns and non-woven geotextiles are manufactured using 

polypropylene filaments and staple fibers. Non-woven types are 

manufactured from Staple fibers. They usually are 1 to 4 inches in length 

or a continuous filament randomly distributed in layers onto a moving 

belt to form a felt like “Web”. It is mainly used as a surface drainage. 

Woven geotextiles are made from weaving monofilament, multifilament 

or slit film yarns. Slit film yarn is further classified into Flat tapes and 

Fibrillated yarns. There are two steps in the process of making woven 

textiles. They are manufacturing of the filaments and weaving. Slit films 

are used in sediment control and road stabilization works but are poor 

choice for sub surface drainage and erosion control works as they have 

low permeability. Alternatively fabrics made with fibrillated tape yarns 

have better more uniform openings and permeability than the flat tape. 

2. GEOGRIDS 

Geogrid  

Geo-grids are plastics formed into a very open netlike configuration. 

Single or Multi-layer materials are usually made from extruding and 

stretching high density polyethylene or by weaving or knitting the 

polypropylene. The resulting grid structure possesses large openings 

called apertures. These apertures enhance the interaction with the soil 



and aggregate. It is a good soil and aggregate reinforcement due to its 

good tensile strength and stiffness. 

3. GEONETS 

Geonet  

Geonets are stacked criss-crossing polymer strands that provide in-plane 

drainage. The geonets are all made of polyethylene. The molted polymer 

is extruded through slits in counter rotating-dies which forms a matrix or 

a net of closely spaced “stacked” strands. When the layers of strand are 

two then it is called as “biplanar” and three layers of strand are called 

“triplanar”. 



4. GEOCOMPOSITES 

Geocomposites  

Geocomposites are geotextile filters surrounding a geonet. Some of the 

functions of the geocomposites are as blanket drains, panel drains, edge 

drains and wick drains. Blanket drains are generally used as Leachate, 

Infiltration collection, removal layers within landfill. Panel drains are 

placed adjacent to the structure to reduce the hydrostatic pressure. Edge 

drains are used adjacent to pavement structures which helps collect and 

remove lateral seepage from the road base. 



5. GEOMEMBRANES 

Geomembrane  

Geomembranes are impervious thin sheets of rubber or plastic material 

primarily used for linings and covers of liquid- or solid-storage 

impoundments. Thus the primary function is always as a liquid or vapor 

barrier. They are relatively impermeable when compared to soils or 

geotextiles. They are divided into two general categories, they are, 

Calendered and Extruded. For Calendered type, materials used are 

polyvinylchloride, chlorosulphonated polyethylene, chlorinated 

polyethylene and polypropylene. For Extruded type, material used is 

high dense polyethylene. 



6. GEOSYNTHETIC CLAY LINERS 

Geosynthetic clay liner  

Geosynthetic clay liners (GCLs) include a thin layer of finely-ground 

bentonite clay. The clay swells and becomes a very effective hydraulic 

barrier when wetted. GCLs are manufactured by sandwiching the 

bentonite within or layering it on geotextiles and/or geomembranes. The 

bondings of the layers are done with stitching, needling and/or chemical 

adhesives. 



7. GEOFOAM 

Geofoam  

Geo-foam is a newer category of the geosynthetic product. It is a generic 

name for any foam material utilized for geotechnical applications. 

Geofoam is manufactured in large blocks which are stacked to form a 

lightweight and thermally insulating mass buried within the soil or 

pavement structure. The most common type of polymer used in the 

manufacturing of geofoam material is polystyrene. The applications of 

geofoams are 

▪ It is used within soil embankments built over soft, weak soils 

▪ Used under roads, airfield pavements and railway track systems 

which are subjected to excessive freeze-thaw conditions 

▪ Used beneath on-grade storage tanks containing cold liquids. 



8. GEOPIPE 

Geopipe  

Another significant product which has been adopted as a geosynthetic is 

the plastic pipe. The specific polymer resins that are used in the 

manufacturing of plastic pipes are high-density polyethylene (HDPE), 

polyvinyl chloride (PVC), polypropylene (PP), polybutylene (PB), 

acrylonitrile butadiene styrene (ABS), and cellulose acetate buytrate 

(CAB). There is a wide variety of civil engineering applications for 

these products. These include leachate removal systems, interceptor 

drains, and highway and railway edge drains. 

9. TURF REINFORCEMENT MATS 

Turf reinforcement mats (TRMs) are 3-dimensional structures composed 

of fused polymer nettings, randomly laid monofilaments, or yarns woven 

or tufted into an open and dimensionally stable mat. Erosion protection 

can be increased by applying these Mats, which can provide more 

protection compared to that of plants grown normally. Proven 

performance has resulted in the broad use and ensured the acceptance of 

TRMs as a permanent, cost effective and environmentally friendly 



alternative to hard armor erosion protection solutions such as concrete 

and riprap. 

10. GEOCELL 

Geocell  

3-D honey comb like structures filled with soil, rock and concrete. They 

are made of strips of polymer sheets/ geotextiles, connected at staggered 

points in order to form a large honey comb mat when its strips are pulled 

apart. Geo-cells were manufactured from a novel polymeric alloy called 

Neoloy. The geocell with a higher elastic modulus has stiffness of the 

reinforced base and a higher bearing capacity. Geo-cells made from 

NPA are found to be significantly better in stiffness, ultimate bearing 

capacity and reinforcement relative to geocells made from HDPE. NPA 

geocells show better creep resistance and better retention of creep 

resistance and stiffness particularly at elevated temperatures, as verified 

by plate load testing and numerical modeling. A full scale research 

demonstrated that NPA geocells have a lower thermal expansion 

coefficient and creep reduction factor. It showed a higher tensile 

stiffness and strength than HDPE geocells and NPA geocells increased 



the bearing capacity and reduced settlement of compacted sand base 

courses significantly more than geocells fabricated from HDPE. 

 

 




