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Shepherd’s hut 
with stone stacking, 

without mortar
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Green Shelters

History

http://www.google.co.in/imgres?start=800&sa=X&biw=1024&bih=677&tbm=isch&tbnid=cr5w23qpgfv4NM:&imgrefurl=http://confessionofareluctanthomemaker.blogspot.com/2010_10_01_archive.html&docid=W2JaW_ijH17nxM&imgurl=http://4.bp.blogspot.com/_AMeinHEjbj8/TKbCV79J5nI/AAAAAAAAAqo/cHzezt4ZuOY/s1600/8321082.jpg&w=500&h=375&ei=1bLzUryCK62XiAeAnIDQCw&zoom=1&ved=0CIYBEIQcMCs4oAY
http://www.google.co.in/imgres?start=300&sa=X&biw=1024&bih=677&tbm=isch&tbnid=xTYr3MaiR8JuiM:&imgrefurl=http://www.sbwellnessdirectory.com/green-building.htm&docid=dSlSZq1DXXHWfM&imgurl=http://www.sbwellnessdirectory.com/images/green-building.jpg&w=376&h=576&ei=MqLzUrmJGIrZrQfU24GYBw&zoom=1&ved=0CJMCEIQcMFo4rAI


Colosseum, Rome, 70 - 80 AD

Taj Mahal, India, 1632 - 1653 

Massive mud brick wall, Ctesiphon 
Palace, Mesopotamia, 540 A.D
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1268

(9th Century, 220 ft high)

Hoysala Temples  

Tanjavore, India, 11 Century AD 

Pattadakal
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High Rise Structures 



Engineering is awesome

Burj Khalifa 2010, in 

Dubai, UAE, the tallest 

tower in the world

Tokyo Sky Tree, 

634 m, 2012

LEED rated 

Green Tall Structure 

at Teipei101, 2010
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Steel structure:

Amusement facility
Suspension cable bridges

Cable Stayed Bridges Stadiums



Modularization

Pre Fab Buildings

PRECAST CONSTRUCTION 
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Pre-Engineered Buildings

Steel-Concrete

Composite Buildings



Fabric Tensegrity Structures
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Form-Finding of Funicular Geometries in 

Spatial Arch Bridge
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Assembly of  Pre-Cast, 
Hollow /Cellular 

Segments, and 

Prestressed  Concrete 

Construction

Launching 

girder
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Steel to 

Aluminum

Development in Formworks

Wood
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Plastic formwork
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Wall formwork No need to plaster

For Mass housing…..?
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Mechanisation. Everywhere..? 

Tower cranes…
For working at greater heights

Climbing 

formwork

Construction under greater risk





Three-storey building 

collapses in Wilson Garden, 

Bengaluru, on 27-9-2021
Next day

Three-storey Building Collapses 

in Bengaluru, Third Such 

Incident in Ten Days

https://twitter.com/ndtv/status/1446187027066589196?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Etweet

https://twitter.com/i/status/1446187027066589196

https://twitter.com/i/status/1447680569001738240

https://www.youtube.com/watch?v=bQFhHrWZ9Ao



5-Storey Building Collapses In Bengaluru
7-10-2021 Kalyan nagar

Building collapsed due to heavy rain at 
Kamalanagar in Bengaluru 12-10-2021

Most often 

• Construction of extra floors or balcony in 

addition to the approved plan

• Structural aspects are not scrutinized.

• Owner & Mestri execute work without 

hiring or consulting the qualified engineer. 

• Poor workmanship and materials 



Damage due to fire accidents

Kempapura in north Bengaluru:
a four-storey building started tilting when the adjacent vacant site 
was being dug up to construct a basement. Feb. 05, 2020



A four-storey residential building 

collapsed like a house of cards into a 

newly dug canal in Midnapore district, 

West Bengal on 13-6-2020



Three storey building behind the under construction site 
collapsed on July 28, 2020,  50 feet deep basement in the 
adjacent site

Video



Flyover, Under Construction, Collapses in Gurgaon, UP August 23, 2020

3 beams of bridge under construction in 

Thalassery(Kerala) collapse.....August 26, 2020. MP, August 30, 2020New bridge, collapsed 

https://www.ndtv.com/gurgaon-news/gurugram-portion-of-6-km-long-flyover-under-construction-collapses-in-gurgaon-2283758


Residential Building Collapse, 2009, Shanghai, China
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gas explosion 

Demolition of unsafe structures

Famous Failures –

Leaning Tower of Pisa 

Europe 12th Century

200 ft (60 m) tall, Inclined 5.5°

Ratneshwar temple, 

Manikarnika Ghat, 

Varanasi, UP

Leans by 90 and 74 m high.
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…..Killed hundreds of people 

Debris





Mechanism of progressive collapse





Causes of Failures …Mismatch between Construction Intent and Actual Condition



“Structural Engineers are the minds 

behind the safe and stable structures”.



Whenever a failure occurs, a lot of people say

‘The entire system is at fault’.

The problem with the world is that 

‘the intelligent people are full of  doubts, 

while the stupid ones are full of  confidence.’ 





In biological objects, structure usually is classified as ‘endo-skeletal’ or ‘exoskeletal’.

• Endoskeletal structures provide an ‘internal skeleton’ or a frame to which the rest of the

object is essentially attached, like the bodies of humans and other vertebrates.

• Exoskeletal structures provide an ‘external skeleton’ or a shell within which the rest of the

object is contained, like the body of a crab and other crustaceans.

Early automobile designs used a frame-chassis structure to which everything was attached.  

More recent designs use a single (unibody or monocoque) main shell structure, where as most recently a 

return to endoskeletal structures is being explored, combining metal frames with plastic or composite panels. 

The choice of the structure clearly depends on many factors, including material use and operating environments. 

Frames used 

for bykes



Biological examples for motivation to structural design



Biological examples for motivation to structural design













Simply supported Prestressed Concrete Box Girder





Stable: With 

inclined bracing

Unstable: 

without bracing

Stable: 

with knee bracing





Toughness

Understanding the performance & Selection of materials





The fundamental questions arising in mechanics are: Why?, How?, and How much?





Rigid- rigid elements are those that do not undergo

appreciable shape changes under the action of a load or

changing loads.

Flexible- such as cables, are those in which the element

assumes one shape under one loading condition and changes

drastically when the nature of the loading changes. Flexible

structures maintain their physical integrity, however, no

matter what shape they assume. Material: Steel may be rigid

(steel beam) or flexible (cable or chain).

In one way system, the basic load transfer 

mechanism of the structure for channelling 

external loads to the ground acts in one 

direction only. 
Ex: A linear beam spanning between two support points.

In a two way system, the direction of the 

load-transfer mechanism is more complex but 

always involves at least two directions.
Ex: A system of two crossed elements resting on two sets of support 

points not lying on the same line and in which both elements share in 

carrying any external load. A square, flat rigid plate resting on four 

continuous supports.



Primary structural elements

Elements - beams, columns or struts, arches, flat plates, singly curved 

plates, and shells having variety of different curvatures

Flexible elements include-

– cables (straight and draped)

– membranes (planar, singly curved, and doubly curved) 

Structures derived: Frames, trusses, geodesic domes, nets, etc.

Beams and Columns – post-and-beam structures, where beams  pick up 

loads that are transverse to their lengths and transfer them to vertical 

columns or posts. Columns loaded axially or eccentrically by the beams, 

transfer the  loads to the ground. Beams: Single span or continuous beams

Frames – Beams and columns are connected rigidly offer resistance to both 

vertical and lateral loads.

Trusses – by assembling rigidly short, straight members into triangulated 

patterns; members only under axial compression or tension.

Arches – a  curved, line forming structural member that spans between 

two points. Stacking rigid blocks or a rigid arch made of a continuous piece 

of rigid material. 

Walls and Plates – rigid surface forming structures. Load bearing wall 

can be designed to support vertical loads and also resist lateral loads (wind 

or earthquakes). Flat Plate (made of RCC or steel) is typically used 

horizontally and carries loads by bending to its supports.

Cylindrical Shells and Vaults – singly curved plate structures, with curve 

perpendicular to the direction of the span. Vault is a singly curved 

structure that spans transversely (basically a continuous arch)

Spherical Shells and Domes – doubly curved surface structures/warped 

surfaces (e.g., the hyperbolic paraboloid). Domed structures can be made of 

stacked blocks or continuous rigid materials (RCC).

Cables – flexible structural elements, shape they assume under a loading 

depends on the nature and the magnitude of the load.  Ex: Tie rod or 

catenary curve

Membranes, Tents, and Nets – membrane is a thin, flexible sheet; tent is 

made of membrane surfaces; and nets are three dimensional surfaces made 

up of a series of crossed curved cables. 



The core in a tall building is analogous to the mast 

of  the ship, with outriggers acting as the spreaders 

and the exterior columns like the stays. 

As for the sailing ships, outriggers serve to reduce 

the overturning moment in the core that would 

otherwise act as pure cantilever, and to transfer the 

reduced moment to the outer columns through the 

outriggers connecting the core to these columns

The upper part of  the truss is restrained by the 

frame, whereas at the lower part, the shear wall or 

truss restrains the frame. This effect produces 

increased lateral rigidity of  the building.

Rigid frames may be combined with vertical steel trusses or reinforced concrete shear walls to create shear 

wall (or shear truss)-frame interaction systems. Rigid frame systems are not efficient for buildings over 30 

stories in height because the shear racking component of  deflection caused by the bending of  columns and 

girders causes the building to sway excessively. On the other hand, vertical steel shear trusses or concrete 

shear walls alone may provide resistance for buildings up to about 10 or 35 stories, respectively, depending 

on the height-to-width ratio of  the system. When shear trusses or shear walls are combined with MRFs, a 

shear truss (or shear wall)-frame interaction system results. The approximately linear shear-type deflected 

profile of  the MRF, when combined with the parabolic cantilever sway mode of  the shear truss or shear 

walls, results in a common shape of  the structure when the two systems are forced to deflect in the same 

way by the rigid floor diaphragm



High Rise Structures



Structural failures – when they have reached

limit states of

▪ Collapse 

▪ Serviceability (Cracking & Deflection)

Building failure can be categorized into:

• Physical (structural) failures - due to 

loss of  strength

• Performance failures – reduction in 

function below an acceptable limit.

Why buildings fall down...?





For several reasons, structural design remains an important and challenging task. 

– One challenge: Design a structure that meets not only behavioural criteria (load 

support and transfer) but also other requirements: accessibility, manufacturability, 

and aesthetics

– Second challenge: Proper material use; recognising that material properties 

often vary or are not precisely known.  

– Third challenge: the dramatic variety of  solutions a design problem can have in 

terms of  the connectivity or topology of  the structure (structural configuration)



Basic Design parameters from analysis

• Bending/Flexure /Moment of resistance = MR = Mu = Max BM

• Shear force, Vu

• Torsion also produces shear

• Deflection

Design Solution: 

In RCC design

• Assume Width, determine the Depth required, controls deflection (Based on Span to depth ratio)

• Area of steel required to resist BM

• Stirrups or shear reinforcement to resist Shear force 

In steel design, 

• select steel section for a required plastic/ elastic section modulus

• Check for shear, deflection control, bearing, crippling/buckling 

Strength

Stability:  
• Equilibrium Conditions are met

• Boundary conditions

Compatibility: 
Continuity in reinforcement

Stiffness



Safety against yield failure is the basic requirement of  any 

design and taught in all courses on Strength of  Materials. 

The Philosophy of design: 

• The Materials

• the shape and dimensions

• No. of structural elements

• the weight

• the cost (optimization)

Structural Health is a prediction of  the ability of  a structure to 

survive or meet performance requirements in the future.

We must be able to analyze designs to make further decisions.



Building life cycle and sustainable construction





Dos and Don’ts
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Larger span with no proper load transfer mechanism 

Differential 

Settlement







Sudden sinking, 

Filled up open well 

/ bore hole                                                                                                                  

Column 

footing 

Settlement

Tall / High Rise 

building



Component failures

Crack

Flexure shear 

Crack

Crack

Flexure shear 

Crack



Distress due to degradation

Cracks in columns due to corrosion expansion

Corrosion



Damages

Failures

Random Events

Repairs/

Retrofitting

Bad Design/ 

Construction

Corrosion

Cracking

Defects



Gas explosion at 

upper stories in 

Food court

Damage due to blast or Impact or terrorist attack 



Construction mistakes/ 

Human errors/blunders





Excavation under the compound wall Collapse of sump tank wall In 2019, Bengaluru



Plumber’s 

Interventions



Vulnerable Buildings



Searching for the Engineers of these 

buildings…?

Vulnerable Buildings

A building, Darjeeling





Vulnerable Buildings



Vulnerable Buildings



When construction goes wrong..!!

Photoshoping trick?... 

?

?

?

?



Vulnerable Buildings 

and Towers



Ducts passing outside the beam    
Ducts passing through the beam

Types of openings in common practical application



Going deeper for basements,  G - -
who cares for safety of adjacent buildings..?  

Bengaluru. 

(5 years)



COLUMN FOOTING

PLINTH BEAM

Retaining wall with 

no base slab 
(by BDA on Ring Road)









Design mistakes

Weak beams



Bad concreting

at critical zones

- Shear zone, 

compression zone 

Bad concreting, 

no proper Cover 

to column 

reinforcement..?

Honeycombing…?







Misaligned columns unexpected 
eccentric load on lower column

No proper cover 

to reinforcement



Flat slab or plate slab/beamless slab – punching shear mitigation..?



The service life is defined as the time from inception 

to the time of  appearance of  first visible crack. 

Service life/ Residual Life/Remaining life of  Structures 





Damage prognosis- To estimate a system’s remaining useful life

Key element in damage prognosis is 
Structural Health Monitoring

Damage Diagnosis Vs Prognosis

Prognosis means - a judgement that a doctor makes about an ill person’s 

chance of  becoming healthy after diagnosis

– an opinion about the future of  someone or something.



Bengaluru Metro pillar 
develops crack, Aug 2, 2020  

▪ Damage can be defined as changes introduced 

into a system that adversely affects its current 

or future performance. 

▪ Damage can accumulate incrementally over 

long periods of  time that associated with 

fatigue or corrosion damage accumulation. 

Damage: -- surface level or internal

Damage is commonly encountered in 

civil infrastructure due to creep, corrosion, 

shrinkage, fatigue and scour. 



Damage assessment techniques 
• Signal based

• Model based



Sensing technologies for Infrastructure Sensing



Structural Health Monitoring (SHM) & Technologies

SHM – is to detect and diagnose damage in the structure, to analyse future risk.

Structural Health is a prediction of  the ability of  a structure to survive or meet 

performance requirements in the future and to guide maintenance/repair actions.

SHM is expected to provide an efficient and effective tool for management of  infrastructure. 

Civil infrastructure is a valuable asset, which keeps the economy and people's life running.



Components and Related Tasks

IoT system is used for checking and controlling operations of  Urban and Rural 

infrastructure, Tall buildings, Railway tracks, Bridges, Flyovers, Towers, on-and offshore 

platforms, wind farms, Dams. – to assess changes in basic conditions and safety. 



A sensor is a converter which converts parameters of  a physical nature to an 

electronic signal, which can be interpreted by humans or can be fed into an 

autonomous system. 

These signals for conventional sensors, amongst others, include light, pressure, 

temperature, humidity, moisture and a variety of  other parameters. 

Sensor



Emerging Sensor technologies for Infrastructure Sensing:

These Smart materials/sensors, possess very important capabilities of  sensing various 

physical and chemical parameters related to the health of  the structures.

“Smart” sensors with embedded microprocessors and wireless communication 

links have the potential to change fundamentally the way Civil Infrastructure 

Systems are monitored, controlled, and maintained.



The on-board microprocessor is typically included for digital signal processing, analog-to-digital or 

frequency-to-code conversions, calculations, and interfacing functions, all of which can facilitate self-

diagnostics, self-identification, or self-adaptation (decision-making) functions (its intelligence capabilities). 



Wireless

Wired

Wireless communication appears to 

be attractive. 

‘Smart’ sensors can locally process 

measured data and transmit only the 

important information through wireless 

communication.

More sophisticated sensors include 

accelerometers which can be used 

to measure acceleration and vibration. 



Components of a Prognostics and Health Management (PHM) system 

1. Sensors to acquire system response signals 

2. Media (including disks, flash, RAM, ROM, and any other 

solid state memory devices and the like) to store sensor data 

3. Data pre-processing to validate, clean, and interpret the 

collected data 

4. Damage detection models/algorithms to assess the 

health status of the system 

5. Computer to provide central control/communication 

between damage detection and prognosis results 

6. System prognostics and control algorithms to provide 

decision support for the preventative maintenance activities

7. Actuators to enforce control forces on the engineering 

structure for damage reduction and risk mitigation



Rotational dofs are usually not measured 

and some dofs will be inaccessible. 



For each type of  sensor : 32 nodes with 3 dofs = 96 Nos. 

Simplified model

A building frame (Skeleton)





Bridge Monitoring System (BMS)-
- to assess structural condition and possible damage  

The Flex sensor measures the angle of  tilt of  the bridge as well as cracks. 

The water level sensor will be placed below the bridge and within the gaps. 

When the water touches the sensor it will give alertness and the alarm will beep.

Smart Bridge



IoT facility contains Unmanned Aerial Vehicle 

(UAV) equipped with camera and 3D laser, as 

well as sensors and QR codes installed on the 

component, which can timely grasp the quality 

status of  the physical bridge including it visual 

appearance, geometric size, stress and strain. 



Even with a slight stiffness change such as loosened bolts, all the damaged joints were detected. 





Application of  maintenance and 

management of  Civil Infrastructures





Citizens as sensors 

As transport volume and therefore density increases, transport speed will reduce in 

order to safely manage the increased volume. 

It is now possible to crowdsource travel journey times from GPS-enabled phones 

in addition to conventional traffic count data from the automated traffic counter 

system. -- ‘citizens as sensors’ crowdsourcing aspect of  citizen science. 

Examples include monitoring and measuring of  real-time data using smart phones/ 

watches from occupants and customers that provide data on how they feel about the 

usage of  infrastructure. 

Our understanding of  mobility in a city can be improved by 

better tracking of  where and how people move in space and time. 

Integrating such infrastructure information will lead to better management and

operation, and allow cutting-edge technologies to be tested. 

The rich information provided will act as a catalyst for new design, construction 

and maintenance processes for integrated transport service systems linked 

directly with user behaviour patterns.

If  large quantities of  data can be collected for real-time understanding of  human 

activities, the outputs of  the models can inform infrastructure owners about people 

movement and use of  space, and provide guidance on future usage and efficiency.



Monitoring Bridge Structure



Monitoring structural damage is extremely important for sustaining and preserving 

the service life of  civil structures. 

While successful monitoring provides resolute and staunch information on the 

health, serviceability, integrity and safety of  structures; maintaining continuous 

performance of  a structure depends highly on monitoring the occurrence, formation 

and propagation of  damage. 

Damage may accumulate on structures due to different environmental and human-

induced factors. 

Numerous monitoring and detection approaches have been developed to provide 

practical means for early warning against structural damage.

A Review of  Vibration-Based Damage Detection in Civil Structures: From 

Traditional Methods to Machine Learning and Deep Learning Applications:  

Onur Avci, Osama Abdeljaber, Serkan Kiranyaz, Mohammed Hussein, Moncef Gabbouj, 

Daniel J. Inman (2020)

With the present computing power and sensing technology, 

Machine Learning (ML) and especially Deep Learning (DL) algorithms have 

become more feasible and extensively used in vibration-based structural damage 

detection. 



Vibration-based Structural Damage Detection methods 

based on Machine-Learning

A large portion of  parametric and nonparametric ML-based SDD systems 

perform the two common tasks: 

• feature extraction

• training

ML-based SDD methods are categorized into parametric and nonparametric methods

ML methods for parametric vibration-based SDD

The feature extraction process is carried out by simply identifying certain modal 

parameters from the structural systems using input-output or output-only modal 

identification techniques. 

A well-trained ML classifier is then used to process the extracted modal parameters to 

assess the structural integrity. 

The most commonly used parametric ML-based approaches are those that rely on modal 

characteristics such as natural frequencies and mode shapes as extracted features along 

with the feed-forward, fully-connected, multi-layer Artificial Neural Networks (ANNs) 

or the so-called Multi-layer Perceptrons (MLPs) as classifiers.



The hardware part is composed of the sensing and data

acquisition interface used to collect measurements which may

usually include accelerometers, velocimeters, strain-gauges, load cells,

or fiber optic sensors along with data acquisition modules.

The software component of a damage detection system is an

arsenal of signal-processing and pattern recognition

algorithms designed to translate the signals acquired by the sensing

interface into essential information that reflects the condition of

the structure being monitored.

Artificial Intelligence (AI) is aiming at developing machines that 

exhibit human-like intelligence in solving problems and performing tasks



Parametric Vibration Based Damage Detection methods



• Unsupervised algorithms

• Supervised algorithms

Supervised algorithms require a dataset consisting of  human-labeled data for training. 

As such, the primary purpose of  the supervised learning is to discover the optimal 

mapping from the inputs to the desired (or target) outputs. Therefore, supervised 

algorithms require a human “supervisor” to assign each data sample by a correct label or 

target before running the training. 

Unsupervised learning algorithms, on the other hand, require input-only data without any labeling. 

The objective of  unsupervised learning is to investigate the distribution of  the data in order to 

obtain useful information regarding its underlying structure

Machine Learning (ML) algorithms 



In order to avoid the hand-crafted features in complex ML applications, Deep Learning 

(Deep Neural Learning or Deep Neural Network) methods have been introduced.

DL is indeed a subset of  ML within AI context that has networks capable of  learning 

unsupervised from unstructured data. 

DL, also known as representation learning, are a special type of  ML methods capable of  

extracting the optimal input representation directly from the raw data without user 

intervention. 

In other words, DL algorithms can learn not only to correlate the features to the desired 

output, but also to carry out the feature extraction process itself. 

Therefore, a DL system with proper training can indeed find the direct mapping from the 

raw inputs (e.g. the images in the previous example) to the final outputs without the need 

to extract features in advance. 

DL is then able to explain high-level and abstract features as a hierarchy of  simple and 

low-level learned features. This ability allows DL algorithms to deal with complex tasks 

by breaking them down into a large number of  simple problems. 

Recent studies have revealed that relying on learned features instead of  hand-crafted ones 

results in much better performance in challenging tasks such as object detection, image 

classification, and classification of  electrocardiogram (ECG) beats.

Deep Neural Learning or Deep Neural Network methods 



-- Investigated infrared thermal images for structural damage diagnosis. 

-- illustrated using actual experimental data on concrete slabs, with induced damage

As smart sensor technology is making progress and low cost online monitoring is 

increasingly possible, large quantities of  highly heterogeneous data can be 

acquired during the monitoring.

- big data techniques to handle the high volume data obtained.

Big Data Analytics in Online Structural Health 

Monitoring,
Guowei Cai , Sankaran Mahadevan, International Journal of  Prognostics and Health 

Management, ISSN2153-2648, 2016 024

MapReduce technique to parallelize the data analytics and efficiently handle 

the high volume, high velocity and high variety of  information. 

MapReduce is implemented with the Spark platform, and image processing 

functions such as uniform filter and Sobel filter are wrapped in the mappers.



The MapReduce framework is split into two steps: Map and Reduce

-- the input is written as the key/value pair (k1, v1) will then be input to the 

Map function, which will generate the intermediate key/value pairs (k2, v2). 

Then the intermediate key/value pairs are passed to the Reduce function, 

which merges together these values to form a smaller set of  values. 





Vibration-based Structural Damage Detection (SDD) by Deep-Learning (DL)

In DL, multiple abstract layers 

communicate with each other.

CNNs are trained principally in a supervised 

manner by a stochastic gradient descent method, 

or by backpropagation (BP) algorithm. 



Voluminous data handling/processing require latest techniques to convert them 

into useful information for diagnosis and prognosis … Hence Big Data Analysis 



Framework of Infrastructural Internet of Things (IoT)

-- with self-powered sensors shown as red dots





• New Sensor Technologies integrate Machine Learning, Deep Learning, and Artificial 

Intelligence for structural health monitoring and fault detection. 

• Sensors are used for the dynamic measurement, in the structural elements, buildings, 

bridges, dams and tanks.

• Real time Information obtained from sensors helps to predict Strength, Integrity, 

Service life and Safety of  the structure 

• Sensor systems need to be either long-life or adaptable for replacement. The 

development of  ‘smart’ infrastructure means true realization of  performance-based 

design and maintenance.

• Early detection of structural damage could save human and animal lives.

Modest amount of  routine inspection and monitoring combined with 

routine maintenance activities, along with keeping operational loads to 

within specified limits, can lead to long standing structures. 

Conclusion






