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Abstract— The building material mainly reinforced concrete 

is being used comprehensively for innumerable forms of 

construction developments. Although reinforced concrete 

structures are designed as per codes / standards but enough 

care is not always taken during construction process. The 

various causes of structural failure and the principles of 

rehabilitation of structures are discussed. To one side, it 

requires regular maintenance and on other side many 

structures call for widespread repair, rehabilitation & 

retrofitting. With the passage of time, as these structures 

develop older, we discover in them certain dilapidation or 

weakening with subsequent distress revealed in the form of 

delamination, cracking, corrosion and splitting etc. Such 

worsened structures can be repaired, rehabilitated and 

retrofitted by means of several sorts of admixtures & new 

repair materials. The main criteria is how to repair a 

reinforced concrete elements of structures and for this the 

skills, knowledge, and experience required to repair 

damaged or deteriorated structures are decidedly different 

from those required to build new structures. The purpose of 

this project is to suggest methods of repair, rehabilitation 

and retrofitting of RC framed structures and to justify the 

latest techniques, advanced materials and various 

requirements of repairing work to obstruct the deterioration 

which is necessary and economical than to reconstruct the 

building. 
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I. INTRODUCTION 

Concrete is the most versatile man made building material 

of the recent past because of its ability to take any shape but 

it has certain limitations like lower flexural, tensile strength, 

poor bond between old and hardened concrete to new and 

fresh concrete, poor resistance to chemicals, porosity and 

permeability, shrinkage etc. Due to these limitations the 

concrete structures starts showing distresses in the form of 

cracks, spalls, delaminations and ultimate complete collapse 

as a result of carbonation of concrete, corrosion of 

reinforcement due to moisture penetration, chloride attack, 

and alkali- aggregate reactions etc. Concrete constructions 

require proper care in the form of regular maintenance. If 

buildings remain for several years without proper attention 

then, various factors like water stagnation, paint peeling, 

plaster break- off, fungus growth, cracking of external 

surfaces will affect the building. Penetration of moisture into 

reinforced concrete components promotes corrosion process 

and further damages the concrete cover. Therefore the 

solutions for RCC structure or structural elements are 

essential and for this different techniques are utilized. 

Change in use or higher loads and performance demands 

require modifications and strengthening of structural 

elements. Strength assessment of an existing structure or any 

element of structures is essential to cover all the criteria in 

which maintenance is required. Thus, some numbers of non-

destructive, partially destructive and destructive techniques 

in the existing structures are used for assessment of concrete 

structure and to predict the cause of deterioration of the 

concrete. Green or sustainable building is the practice of 

creating healthier and more resource efficient models of 

construction, renovation, operation, maintenance, and 

demolition. Research and experience increasingly 

demonstrates that when buildings are designed and operated 

with their lifecycle impacts in mind, they can provide great 

environmental, economic, and social benefits. 

Repair/rehabilitation/retrofitting is the fastest growing 

segment of the concrete industry. Across the globe, billions 

of dollars are spent annually in repair and restoration of 

distressed concrete structures. Structure repair and 

rehabilitating is a process whereby an existing structure is 

enhanced to increase the probability that the structure will 

survive for a long period of time. 

II. PRESENT STATE OF MAINTENANCE, REPAIR AND 

REHABILITATION 

Since 1950s, the construction activity in India has been 

increasing geometrically without matching increase in the 

availability of quality inputs, in terms of materials and 

skilled workmen. The gap between the quality planned and 

the quality achieved continues to become wider. At present 

there is neither any established existing procedure, 

mandatory or otherwise, for periodical inspection of 

buildings/ structures and recording the structural defects and 

symptoms, like cracks, spalling, corrosion, and deflection of 

structure, in a logical manner nor any record of structural 

repairs/rehabilitations carried out, is maintained properly 

even for public buildings. We have barged into a repair 

activity without adequate preparation. Persons involved in 

repair/rehabilitation need to be better civil engineers. In fact 

repair/rehabilitation/retrofitting activity is a much more 

advanced application of science and technology involved in 

civil engineering, which is the most difficult challenge to 

engineers. We need to opt for new techniques and materials 

to resolve these difficulties. We have enough options to 

select from various construction chemicals, minerals, 

methods for repairs/rehabilitations, the economics etc. to set 

right the damage. These all are to be considered in totality 

before deciding upon the repair/rehabilitation/retrofitting 

strategy. 

III. CAUSES FOR DETERIORATION OF STRUCTURES 

The deterioration of typical concrete structure starts from 

the time it is exposed to the elements of nature, primarily 

under high humidity, high temperature conditions & 
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variation in temperatures; thus certain parts of structures 

including roofs and structural elements directly exposed to 

weather condition, are more susceptible to deterioration. The 

deterioration of materials such as concrete & reinforcement 

reduce the strength of the structural members. While 

elements such as temperature variations, pollution, wind, 

rains, floods etc. contribute towards deterioration; 

sometimes changes in environment after construction and 

changes in functional requirement also contribute towards 

premature deterioration. 

A. Site Selection and Site Development Errors:   

Failures often result from unwise land use or site selection 

decisions. Certain sites are more vulnerable to failure. The 

most obvious examples are sites located in regions of 

significant seismic activity, in coastal regions, or in flood 

plains. Other sites pose problems related to specific soil 

conditions such as expansive soils or permafrost in cold 

regions. 

B. Construction Errors:  

Such errors may involve excavation and equipment 

accidents, improper sequencing, inadequate temporary 

support, excessive construction loads; premature removal of 

shoring or formwork, and nonconformance to design intent. 

C. Material Deficiencies:   

While it is true that most problems with materials are the 

result of human errors involving a lack of understanding 

about materials, there are failures that can be attributed to 

unexpected inconsistencies in materials. 

IV. CLASSIFICATION OF DAMAGES 

Grade for Assessment of the building: Based on the 

inspection and observation the distress level of the selected 

buildings may be categorized as mentioned below: 

G1 – No distress observed.  

G2 – Minor distress observed in few structural members, 

which can be repaired under the advice of a structural 

engineer.  

G3 – Medium distress observed in few structural members, 

which can be repaired / rehabilitated including strengthening 

with the advice of a structural engineer. 

G4 – Severe distress observed in some of the structural 

members, which can be rehabilitated including 

strengthening with the advice of a structural engineer. 

G5 – Severe distress is observed which could prove 

dangerous, hence evacuation at an early date required. 

V. METHODOLOGY OF REPAIR AND REHABILITATION FOR 

RCC STRUCTURES AND CRACKS 

A. Guniting/Shotcreting Methodology:  

Shotcrete is defined as pneumatically applied concrete or 

mortar placed directly on surface The cement and sand are 

batched and mixed in the usual way and conveyed through a 

hose pipe with the help of compressed air. A separate pipe 

line brings water under pressure and the water and cement 

aggregate mix are passed through and intimately mixed in a 

special manifold and then projected at high velocity to the 

surface being repaired. In good quality work, a density 

around 2100kg/m3 is achieved. For effective guniting, the 

nozzle should be kept at 60cm to 150cm from the work 

normal to the surface. Before guniting is applied, the old 

concrete surface is prepared properly, all the cracks treated 

and the new reinforcement fixed in position. Cracks wider 

than about 0.5 mm should be cut out and filled with hand-

applied mortar or with gunite. 

B. Surface Repair of Overhead Location:  

There are many techniques available to restore damaged or 

deteriorated concrete structures. Each surface repair 

techniques offer advantages and limitations depending upon 

the conditions of the repair project. Form a pump technique 

is relatively new method which has been developed as a 

viable alternative to Shotcrete (gunite), hand placement and 

grouted preplaced aggregate techniques.      

C. Epoxy Injection Methodology:  

Cracks as narrow as 0.002in (0.05 mm) can be bonded by 

the injection of epoxy. The technique generally consists of 

establishing entry and venting ports at close intervals along 

the cracks, sealing the crack on exposed surfaces, and 

injecting the epoxy under pressure. Epoxy injection has been 

successfully used in the repair of cracks in buildings, 

bridges, dams, and other types of concrete structures. 

However, unless the cause of the cracking has been 

corrected, it will probably recur near the original crack. The 

Injection of polymer under pressure will ensure that the 

sealant penetrates to the full depth of the crack. The 

technique in general consists of drilling hole at close 

intervals along the length of cracks and injecting the epoxy 

under pressure in each hole in turn until it starts to flow out 

of the next one. The hole in use is then sealed off and 

injection is started at the next hole and so on until full length 

of the crack has been treated. Before injecting the sealant, it 

is necessary to seal the crack at surface between the holes 

with rapid curing resin. 

D. Stitching:  

Stitching involves drilling holes on both sides of the crack 

and grouting in Ushaped metal units with short legs (staples 

or stitching dogs) that span the crack is as shown in figure. 

Stitching may be used when tensile strength must be 

reestablished across major cracks. The stitching procedure 

consists of drilling holes on both sides of the crack, cleaning 

the holes, and anchoring the legs of the staples in the holes, 

with either a non-shrink grout or an epoxy resin-based 

bonding system.  

In this technique, the crack is bridged with U-

shaped metal units called stitching dogs before being 

repaired with a rigid resin material. A non- shrink grout or 

an epoxy resin based adhesive should be used to anchor the 

legs of the dogs. Stitching is suitable when tensile strength 

must be reestablished across major cracks. Stitching dogs 

should be of variable length and orientation. 

E. Grouting:  

Portland cement grouting: Wide cracks, particularly in 

gravity dams and thick concrete walls, may be repaired by 

filling with Portland cement grout. This method is effective 
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in stopping water leaks, but it will not structurally bond 

cracked sections.  

The procedure consists of; 

1) Cleaning the concrete along the crack. 

2) Installing built-up seats (grout nipples) at intervals 

astride the crack  

3) Sealing the crack between the seats with a cement paint, 

sealant, or grout.  

4) Flushing the crack to clean it and test the seal and,  

5) Then grouting the whole area.  

Grout mixtures may contain cement and water or 

cement plus sand and water, depending on the width of the 

crack. However, the water-cement ratio should be kept as 

low as practical to maximize the strength and minimize 

shrinkage. Water reducers or other admixtures may be used 

to improve the properties of the grout. For small volumes, a 

manual injection gun may be used and for larger volumes, a 

pump should be used. After the crack is filled, the pressure 

should be maintained for several minutes to insure good 

penetration. 

VI. PRECAUTIONS IN THE USE OF CHEMICALS IN EXECUTION 

OF WORK 

Presently in India we are not having any detailed codal 

provision for utilization of various construction 

chemicals/polymers & utilization is restricted to a select few 

privileged ones who are acquainted with the same. In the 

absence of proper detailed codal provision, a careful 

attention should be given to the instruction given by the 

manufacturer of the polymers. A polymer should be 

employed only after appropriate evaluation of its effects, 

preferably by use with the particulars materials & the 

condition of use intended. Such an evaluation is particularly 

important in our country, as the chemicals/polymers have 

mainly been developed in country having colder climate. 

They therefore require long term testing under tropical 

climate. Besides, such evaluation is also needed under the 

following situations:-  

 Special types of cement are specified.  

 More than one polymer to be used, together.  

 Mixing & placing is done at temperatures well above or 

below the generally recommended concreting 

temperatures. 

The repair work needs to be executed in accordance 

with project documents. The repair process, especially 

concrete removal and reinforcing repair, may alter the load 

distribution of the structure and the members being repaired. 

Proper shoring and bracing needs to be provided throughout 

of the construction. Quality control throughout the repair 

process is essential to any successful project. Appropriate 

inspection by the Engineers and periodical testing at site & 

in laboratory is to be performed and ensured on regular 

basis, for long lasting solution. 

VII. CONDITION SURVEY OF STRUCTURE 

Condition Survey is an examination of concrete for the 

purpose of identifying and defining area of distress. While it 

is referred in connection with survey of concrete and 

embedded reinforcement that is showing some degree of 

distress, its application is recommended for all buildings and 

structures. The system is designed to be used for recording 

the history of the project from its inception to completion 

and subsequent life. 

A. Objective: 

 It is examination of concrete for the purpose of 

identifying and defining area of distress.  

 Identify cause of distress and sources.  

 Access extent of distress due to corrosion, fire, 

earthquake, any other reasons. 

 Access residual strength of structure and inhabitability 

“Find the cause, the remedy will suggest itself”. 

Sometimes, the source of the cause of distress is different 

than what is apparently seen. It is, therefore, essential that 

the engineers conducting condition survey, determine the 

source(s) of cause so as to effectively deal with it and 

minimize their effects by proper treatment. 

Stages: Stages for carrying out Condition Survey, 

largely depend on field conditions, user habits, maintenance, 

etc, and have a direct relation with the pattern of distress, 

whether localised or spread over. 

Condition Survey of a building/structure is 

generally undertaken in four different stages to identify the 

actual problem so as to ensure that a fruitful outcome is 

achieved with minimum efforts & at the least cost. The four 

stages of Condition Survey are as, 

1) Preliminary Inspection, 

2) Planning, 

3) Visual Inspection, 

4) Field and Laboratory testing 

VIII. MATERIALS USED IN REPAIRS: - 

A. Portland Cement Mortars:  

Structural repairs with Portland cement mortar shall be 

made only if specifically approved by the Engineer-in-

charge. Approval for hand- applied cement mortar repairs 

will be given only for very small repair areas, not associated 

with critical performance of the structure. When approved, 

Portland cement mortar may be used for repairing defects on 

exposed, new concrete surfaces only. Such repairs are 

applied only if the defects are small and are too wide for dry 

pack and too shallow for concrete replacement and only if 

the repairs can be completed within 24 hours of removing 

the forms. Portland cement mortar shall not be used for 

repairs to old or existing concrete or for repairs that extend 

to or below the first layer of reinforcing steel. 

B. Fiber-Reinforced Plastics:  

These materials that are used for cracks are applied over it 

like a patch, using high strength epoxy adhesive increasing 

their service life and fortify steel or concrete structures 

against earthquakes or other natural hazards. 

C. Epoxy resins:  

The epoxy resins are widely used in the repairing of cracks, 

patching and grouting of concrete, industrial flooring, 

structural adhesives, anti-corrosive linings, etc. Various 

types of resins, hardeners and modified epoxy systems are 

commonly used in structures. 
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D. Polymer-based materials:  

Polymer-based materials are being widely used in the 

building industry in various forms such as coatings, 

membranes, adhesives, sealants, etc because of their high 

durability. 

IX. CONCLUSION 

The repair/rehabilitation/Retrofitting of Concrete repair 

projects are very challenging, as is true with most repair and 

renovation projects. Repair/Rehabilitation of concrete 

structure is comparatively a new subject in India. It is a real 

challenging task to carry out the repair/rehabilitation work, 

when structure has already undergone major structural 

damages/deterioration. As such, there is a requirement of 

periodical/timely assessment and maintenance with latest 

available techniques and materials as described in this 

project. 

At the time passes, many more concrete structures 

will come up for major rehabilitation. Time has come to 

have a structural auditing of all the old concrete 

buildings/structures, which were constructed during sixties 

and earlier. Depending on the severity of the environmental 

effect, the restorative measures can be selected 

There is no substitute for good quality concrete 

construction practices for durability of reinforced concrete 

structures. The quality control of materials and 

workmanship viz. water cement ratio, concrete cover, 

compaction and curing etc. which are prerequisites for good 

quality construction are very important parameters and must 

be strictly observed at site. Poor quality concrete 

construction done cannot be rectified at a later date except 

repeated costly repairs to keep the structure functional. 

To achieve the quality at site, the role of manpower 

is very significant. The engineers and workers responsible 

for construction should be well experienced, quality 

conscious and must be fully aware of the repercussions of 

poor quality work. Also sufficient technical staff should be 

deputed for achievement of quality construction with full 

support and encouragement from top management. 
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