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Structural Health Monitoring  
PAPER SET- 1 

Question 1] Solve any one of the following. 
A] Explain about maintenance of structures and need of maintenance.  
Ans.   Maintenance of structures refers to the systematic actions taken to keep buildings, bridges, 
roads, dams, and other civil engineering structures in a safe, functional, and serviceable condition 
throughout their intended life. It includes inspection, repair, strengthening, and protection works 
carried out to prevent deterioration or to restore lost performance. 
Common maintenance activities include: 

 Regular inspection and condition assessment 
 Repair of cracks, spalling, corrosion, and leakages 
 Painting, waterproofing, and protective coatings 
 Replacement of damaged components 
 Structural strengthening or retrofitting when required 

Maintenance can be classified as: 
1. Routine maintenance – Minor works carried out regularly, such as cleaning drains or sealing 

small cracks. 
2. Preventive maintenance – Planned actions to prevent future damage, like waterproofing and 

corrosion protection. 
3. Corrective maintenance – Repairs done after defects or damage are observed. 
4. Emergency maintenance – Immediate actions taken after sudden failures due to accidents, 

natural disasters, or unexpected loading. 
Need of Maintenance 
Maintenance of structures is essential for the following reasons: 

1. Safety of users – Prevents structural failures and accidents, ensuring the safety of occupants 
and the public. 

2. Durability and service life – Slows down deterioration due to weathering, corrosion, fatigue, 
and environmental effects. 

3. Functional performance – Ensures the structure continues to perform its intended function 
efficiently. 

4. Economic benefits – Timely maintenance reduces costly major repairs or reconstruction in the 
future. 

5. Aesthetic appearance – Maintains the visual appeal and usability of structures. 
6. Compliance with standards – Helps meet legal, environmental, and safety regulations. 
7. Protection against environmental effects – Minimizes damage caused by moisture, 

chemicals, temperature variations, and pollution. 
--------------------------------------------------------------------------------------------------------------------------- 
B]  List out the various categories of inspections and how to do the inspection in construction 
site. 
Ans.      A. Categories of Inspections 
1. Pre-Construction Inspection 

 Review of approved drawings, specifications, BOQs, and contract documents 
 Verification of site layout, benchmarks, access roads, utilities, and soil condition 
 Checking availability of resources (materials, machinery, manpower) 

2. Material Inspection 
 Inspection of construction materials at source and at site 
 Verification of test certificates, manufacturer’s specifications, and IS code compliance 
 Sampling and testing of materials like cement, steel, aggregates, bricks, concrete, etc. 

3. Workmanship / Stage-Wise Inspection 
 Inspection during execution of each construction stage 
 Typical stages: 

o Excavation and foundation works,  
o Reinforcement fixing 
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o Formwork and shuttering 
o Concreting and curing 
o Masonry and plastering, Finishing works 

 Ensures workmanship quality and adherence to drawings 
4. Safety Inspection 

 Inspection of PPE usage, scaffolding, electrical safety, fire safety 
 Verification of safety signage, barricading, and emergency exits 
 Compliance with safety rules as per Directorate General of Factory Advice Service and Labour 

Institutes (DGFASLI) and relevant safety codes 
5. Quality Control Inspection 

 Checking test results of concrete, steel, soil, and other materials 
 Verification of mix design, cube tests, slump tests, and NDT tests 
 Implementation of Quality Assurance Plan (QAP) 

6. Environmental Inspection 
 Control of dust, noise, waste disposal, and water pollution 
 Checking compliance with environmental norms and sustainability practices 
 Proper handling of debris and hazardous materials 

7. Progress Inspection 
 Monitoring physical progress against approved schedule 
 Comparison with bar charts / CPM / PERT schedules 
 Identification of delays and corrective actions 

8. Statutory / Regulatory Inspection 
 Inspections by government or statutory authorities 
 Compliance with approvals from local bodies, fire department, and pollution control board 
 Documentation for audits and accreditation (e.g., NAAC / NBA requirements) 

9. Final / Completion Inspection 
 Inspection after completion of all works 
 Checking as-built drawings, finishing quality, services, and safety 
 Identification of defects and preparation of snag list 
 Issuance of completion / occupancy certificates 

B. Procedure for Conducting Inspection at Construction Site 
1. Planning the Inspection 

 Define purpose and scope of inspection 
 Prepare inspection checklist based on drawings and specifications 
 Inform concerned site staff and contractors 

2. Site Visit and Visual Examination 
 Walk through the site systematically 
 Observe workmanship, safety practices, and site conditions 
 Check conformity with drawings and standards 

3. Measurement and Verification 
 Measure dimensions, levels, alignment, and thickness 
 Verify reinforcement detailing and cover 
 Cross-check with approved drawings 

4. Testing and Documentation 
 Conduct or witness field and laboratory tests 
 Verify test reports and material approvals 
 Record observations in inspection registers 

5. Reporting and Communication 
 Prepare inspection report mentioning observations, non-conformities, and remarks 
 Issue instructions for corrective actions 
 Communicate findings to contractor and site engineers 

6. Follow-Up and Compliance 
 Re-inspection after rectification 
 Close observations after compliance 
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 Maintain records for future reference and audits 
------------------------------------------------------------------------------------------------------------------ 

 
 
Question 2. Solve any one of the following. 
A] State the causes of deterioration in reinforced concrete structures. 
 
Ans.    Causes of Deterioration in Reinforced Concrete (RCC) Structures 
Deterioration of reinforced concrete structures occurs due to physical, chemical, environmental, and 
construction-related factors, leading to loss of strength, durability, and serviceability. The major 
causes are listed below: 
1. Corrosion of Reinforcement 

 Carbonation of concrete reducing alkalinity 
 Chloride ingress from sea water, de-icing salts, or contaminated materials 
 Presence of moisture and oxygen 
 Results in cracking, spalling, and reduction in steel cross-section 

2. Poor Quality of Concrete 
 High water–cement ratio 
 Inadequate cement content 
 Improper grading of aggregates 
 Leads to porous and weak concrete 

3. Inadequate Cover to Reinforcement 
 Insufficient concrete cover accelerates corrosion 
 Results in early cracking and spalling of concrete 

4. Chemical Attacks 
 Sulphate attack from soil and groundwater 
 Acid attack from industrial effluents 
 Alkali–aggregate reaction (AAR) causing expansion and cracking 

5. Environmental Effects 
 Alternate wetting and drying 
 Freeze–thaw cycles 
 Exposure to aggressive marine or industrial environments 

6. Poor Workmanship 
 Honeycombing due to improper compaction 
 Improper placement of reinforcement 
 Cold joints due to delays in concreting 

7. Structural Overloading 
 Loads exceeding design assumptions 
 Change in usage of structure 
 Unauthorized additional floors or heavy equipment 

8. Creep and Shrinkage 
 Long-term deformation under sustained loads 
 Drying shrinkage causing cracks 

9. Thermal Effects 
 Temperature variations causing expansion and contraction 
 Thermal cracking due to inadequate expansion joints 

10. Design Deficiencies 
 Inadequate detailing of reinforcement 
 Poor drainage design 
 Failure to consider exposure conditions 

11. Lack of Maintenance 
 Non-repair of cracks and leaks 
 Blocked drainage leading to water stagnation 
 Neglect of protective coatings 
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12. Fire and Extreme Events 
 Fire exposure reducing strength of concrete and steel 
 Earthquakes and vibrations causing cracking and distress 

--------------------------------------------------------------------------------------------------------------- 
 
 
B] What are the factors affecting the health of a structure? Explain in detail. 
Ans.   Factors Affecting the Health of a Structure 

The health of a structure refers to its ability to remain safe, stable, durable, and serviceable throughout its 
intended life. Structural health is influenced by a combination of design, material, environmental, 
construction, loading, and maintenance-related factors. These are explained in detail below: 
1. Design-Related Factors 

 Proper selection of structural system and materials 
 Adequate consideration of loads (dead, live, wind, seismic, temperature, etc.) 
 Proper detailing of reinforcement and joints 
 Consideration of exposure conditions and durability requirements 

Poor design can lead to excessive stresses, cracking, and premature failure. 
2. Quality of Materials 

 Strength and durability of cement, steel, aggregates, and concrete 
 Use of non-standard or substandard materials 
 Presence of impurities such as chlorides or sulphates 

Inferior materials reduce strength and accelerate deterioration. 
3. Construction Practices and Workmanship 

 Proper batching, mixing, placing, compaction, and curing of concrete 
 Correct placement and tying of reinforcement 
 Avoidance of honeycombing, segregation, and cold joints 

Poor workmanship significantly affects load-carrying capacity and durability. 
4. Environmental and Exposure Conditions 

 Atmospheric pollution, moisture, and humidity 
 Marine or industrial exposure causing chloride and sulphate attack 
 Temperature variations and freeze–thaw cycles 

Aggressive environments accelerate corrosion and material degradation. 
5. Foundation and Soil Conditions 

 Bearing capacity and type of soil 
 Differential settlement due to non-uniform soil strata 
 Presence of expansive or collapsible soils 

Foundation distress directly affects the stability of the entire structure. 
6. Loading and Usage Conditions 

 Actual loads exceeding design loads 
 Change in occupancy or use of the structure 
 Dynamic loads from machinery, traffic, or vibrations 

Overloading causes excessive deflection, cracking, and fatigue. 
7. Corrosion and Durability Issues 

 Carbonation of concrete 
 Chloride-induced corrosion of reinforcement 
 Inadequate cover to reinforcement, Corrosion reduces effective steel area and bond strength. 

8. Maintenance and Repair Practices 
 Timely inspection and repair of cracks, leaks, and damaged components 
 Proper drainage and waterproofing systems 
 Application of protective coatings ,  

Lack of maintenance accelerates deterioration and reduces service life. 
9. Aging and Time-Dependent Effects 

 Creep and shrinkage of concrete 
 Fatigue under repeated loading 
 Material aging over time, These effects gradually reduce stiffness and performance. 

10. Natural Hazards and Extreme Events 
 Earthquakes, floods, cyclones, and landslides 
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 Fire exposure reducing strength of materials 
 Impact and blast loads ,Extreme events may cause sudden or progressive damage. 

11. Quality Control and Inspection 
 Regular structural health monitoring 
 Non-destructive testing and condition assessment 
 Compliance with codes and standards such as Bureau of Indian Standards 

Effective inspection helps detect early signs of distress. 
---------------------------------------------------------------------------------------------------------------- 
 
 
 
 
Question 3. Solve any one of the following. 
A] Discuss the step-by-step procedure of SHM. 
Ans.   Step-by-Step Procedure of Structural Health Monitoring (SHM) 
Structural Health Monitoring (SHM) is a systematic process used to assess the condition, safety, and 
performance of structures during their service life using sensors, data analysis, and engineering 
judgment. The procedure is explained step by step below: 
 

                          
 
Step 1: Identification of Structure and Objectives 

 Select the structure (building, bridge, dam, tower, etc.) 
 Define objectives such as: 

o Damage detection 
o Safety evaluation 
o Remaining life estimation 
o Performance monitoring under loads 

 Decide short-term or long-term SHM requirements 
Step 2: Review of Design and Structural Information 

 Study structural drawings, design calculations, and material details 
 Understand load paths, critical members, and vulnerable zones 
 Review past inspection and maintenance records 

Step 3: Selection of SHM Strategy 
 Decide type of monitoring: 

o Visual-based SHM 
o Vibration-based SHM 
o Strain-based SHM 
o Displacement or crack monitoring 

 Choose continuous or periodic monitoring approach 
Step 4: Sensor Selection and Instrumentation 

 Select appropriate sensors: 
o Strain gauges 
o Accelerometers 
o Displacement sensors (LVDTs) 
o Crack width gauges 
o Temperature and humidity sensors 
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 Identify sensor locations at critical structural elements 
 Install sensors properly to avoid measurement errors 

Step 5: Data Acquisition System Setup 
 Connect sensors to data loggers and communication systems 
 Fix sampling rate, data storage, and transmission mode 
 Ensure uninterrupted power supply and protection of equipment 

Step 6: Baseline Data Collection 
 Record initial (healthy condition) data of the structure 
 Establish reference values for comparison 
 Baseline data helps identify future deviations and damage 

Step 7: Continuous / Periodic Monitoring 
 Monitor structural response under: 

o Dead and live loads 
o Wind and seismic loads 
o Temperature variations 

 Collect real-time or scheduled data over time 
Step 8: Data Processing and Signal Analysis 

 Filter noise and environmental effects 
 Analyse changes in: 

o Natural frequency 
o Mode shapes 
o Strain and displacement patterns 

 Use statistical and analytical tools for interpretation 
Step 9: Damage Detection and Condition Assessment 

 Compare monitored data with baseline values 
 Identify: 

o Location of damage 
o Severity of damage 
o Progression of deterioration 

 Assess safety and serviceability of structure 
Step 10: Decision Making and Reporting 

 Prepare SHM reports with observations and conclusions 
 Recommend: 

o Repair or strengthening measures 
o Load restrictions 
o Continued monitoring 

 Support decisions as per guidelines of Bureau of Indian Standards and relevant codes 
Step 11: Maintenance, Retrofit, and Updating 

 Implement suggested repairs or retrofitting 
 Update baseline data after rehabilitation 
 Improve SHM system based on performance feedback 

--------------------------------------------------------------------------------------------------------------------------- 
B] Explain the Investigation and its management system. 
Ans.    Investigation and Its Management System  
Investigation is a systematic process carried out to assess the condition, safety, and causes of distress 
in a structure. An Investigation Management System (IMS) ensures that the investigation is planned, 
controlled, documented, and effectively implemented. 
A. Investigation of Structure 
1. Objectives 

 Assess structural safety and serviceability 
 Identify causes of damage or deterioration 
 Decide need for repair, rehabilitation, or strengthening 

2. Steps in Investigation 
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1. Collection of Background Data 
Study drawings, design details, construction and maintenance records. 

2. Visual Inspection 
Identify cracks, spalling, corrosion, leakage, and deflection. 

3. Field Testing 
Conduct non-destructive tests (Rebound hammer, UPV, Half-cell potential). 

4. Laboratory Testing 
Core testing, chemical analysis for carbonation, chlorides, sulphates. 

5. Structural Evaluation 
Analyse load-carrying capacity and compare with design requirements. 

6. Diagnosis 
Identify root causes such as corrosion, poor workmanship, overloading, or environmental 
attack. 

B. Investigation Management System (IMS) 
1. Planning and Organization 

 Define scope, objectives, and investigation methodology 
 Assign roles to engineers, testing agencies, and consultants 

2. Data and Quality Management 
 Systematic recording of inspection and test data 
 Follow standard procedures and guidelines of Bureau of Indian Standards 

3. Reporting and Decision Making 
 Prepare investigation report with findings and recommendations 
 Classify risk level and prioritize repair or strengthening works 

4. Implementation and Follow-Up 
 Execute recommended remedial measures 
 Monitor effectiveness and update records 

---------------------------------------------------------------------------------------------------------------- 
Question 4. Solve any one of the following. 
A] List out the static test and also explain any two test briefly. 
Ans.  Static Tests in Structural / Material Investigation 
Static tests are carried out to assess the strength, durability, and condition of structural members and 
materials under slowly applied loads. The commonly used static tests are listed below. 
List of Static Tests 

1. Rebound Hammer Test, 2. Ultrasonic Pulse Velocity (UPV) Test 
3. Core Cutting and Compressive Strength Test.  4.Half-Cell Potential Test 

5. Carbonation Depth Test, 6. Pull-Out Test, 7. Cover Meter Test 
8.Load Test on Structural Members (Beams / Slabs) 

Explanation of Any Two Static Tests 
1. Rebound Hammer Test 

 A non-destructive test used to assess surface hardness and approximate compressive strength of 
concrete. 

 A spring-loaded hammer strikes the concrete surface, and the rebound number is noted. 
 Higher rebound number indicates better quality and strength of concrete. 
 Used for uniformity check and comparative assessment of concrete. 

2. Ultrasonic Pulse Velocity (UPV) Test 
 A non-destructive test to evaluate quality, homogeneity, and presence of cracks or voids in 

concrete. 
 An ultrasonic pulse is transmitted through concrete, and time of travel is measured. 
 Higher pulse velocity indicates dense and good-quality concrete. 
 Widely used for structural health assessment. 

----------------------------------------------------------------------------------------------------------- 
B] What is static response measurement in static field testing.  
Ans.   Static Response Measurement in Static Field Testing 
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Static response measurement in static field testing refers to the measurement of a structure’s behavior 
under slowly applied or sustained loads to evaluate its strength, stiffness, stability, and serviceability 
without considering dynamic effects. 
Definition 
Static response measurement is the process of recording deformations and strains of a structural 
member when a known static load is applied gradually and maintained for a specified duration. 
Measured Parameters 
During static response measurement, the following responses are commonly recorded: 

 Deflection (using dial gauges / LVDTs) 
 Strain (using electrical resistance strain gauges) 
 Crack width and crack pattern 
 Settlement or rotation (if applicable) 

Procedure 
1. Apply load gradually in increments as per test protocol. 
2. Measure deflection, strain, and crack width at each load stage. 
3. Maintain peak load for a specified holding period. 
4. Record recovery (rebound) after unloading. 
5. Compare measured values with permissible limits specified by Bureau of Indian Standards 

codes. 
Purpose 

 To verify load-carrying capacity of existing structures 
 To assess serviceability performance (deflection and cracking) 
 To evaluate structural stiffness and behavior 
 To decide suitability for continued use or need for strengthening 

Applications 
 Load testing of beams, slabs, bridges, and floors 
 Evaluation of old or distressed RCC structures 
 Proof load tests before change in usage 

---------------------------------------------------------------------------------------------------------------- 
Question 5. Solve any one of the following. 
A] Explain about the peizo – electric materials and other smart materials in structural health 
monitoring 
Ans.  Smart materials are materials capable of sensing, responding, and adapting to external stimuli 
such as stress, strain, temperature, or electric and magnetic fields. In Structural Health Monitoring 
(SHM), these materials are used for damage detection, condition assessment, and real-time monitoring 
of structures. 
1. Piezo-Electric Materials 
Piezo-electric materials produce an electric charge when subjected to mechanical stress and undergo 
mechanical deformation when an electric voltage is applied. 
Working Principle: 

 Direct piezo-electric effect: Mechanical stress → electrical signal (sensing) 
 Inverse piezo-electric effect: Electrical signal → mechanical deformation (actuation) 

Common Materials: 
Lead Zirconate Titanate (PZT), Quartz, Barium Titanate 
Applications in SHM: 

 Measurement of strain and vibration 
 Crack detection and damage localization 
 Impedance-based health monitoring, Active vibration control 

Advantages: 
 High sensitivity , Fast response 
 Suitable for real-time monitoring 

2. Other Smart Materials Used in SHM 
a) Fiber Optic Sensors (FOS) 

 Measure strain and temperature using light signals 
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 Immune to electromagnetic interference 
 Suitable for long-term monitoring of bridges and buildings 

b) Shape Memory Alloys (SMA) 
 Recover original shape upon heating 
 Used for crack control, self-centering, and seismic applications 

c) Magnetostrictive Materials 
 Change shape under magnetic field 
 Used for stress and vibration monitoring 

d) Smart Concrete 
 Concrete with conductive fibers or nanotubes 
 Electrical resistance changes with strain or cracking 

3. Importance in SHM 
 Early damage detection, Continuous condition monitoring 
 Reduced maintenance cost 
 Improved safety and service life of structures 

Monitoring practices using smart materials are carried out in accordance with guidelines of Bureau of 
Indian Standards. 
--------------------------------------------------------------------------------------------------------------------------- 
 
 
 
B] List out the types of dynamic field tests and suggest any two tests to identify the structural 
health 
Ans. Dynamic Field Tests in Structural Health Monitoring (SHM) 
Dynamic field tests measure the response of a structure under time-varying or dynamic loads (like 
wind, traffic, seismic vibrations) to assess its stiffness, natural frequencies, damping, and damage 
condition. 
1. Types of Dynamic Field Tests 

1. Free Vibration Test – Response of structure after an initial displacement 
2. Forced Vibration Test – Response under applied harmonic or sinusoidal loads 
3. Impact or Impulse Test – Using a hammer or drop weight to induce vibrations 
4. Ambient Vibration Test – Monitoring vibrations due to environmental or operational loads 
5. Seismic Response Test – Response under earthquake or simulated ground motion 
6. Modal Analysis – Determines natural frequencies, mode shapes, and damping ratios 
7. Resonant Frequency Test – Identifies resonance characteristics of structural members 

2. Suggested Two Tests for Structural Health Identification 
A. Ambient Vibration Test 

 Measures structural response due to natural environmental loads (wind, traffic) 
 Non-intrusive and safe for in-service structures 
 Used to detect changes in natural frequency or mode shapes indicating damage or stiffness loss 

B. Impact / Impulse Test 
 A controlled impact (hammer or drop weight) is applied to a member 
 Vibration response is recorded to identify cracks, damage location, or reduced stiffness 
 Simple and effective for bridges, beams, and slabs 

-------------------------------------------------------------------------------------------------------------- 
 


