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Editorial

- Prasad Parekar
E-mail: prasad_parekar02@yahoo.co.in

Dear  readers  
 
With  great pleasure we are  handing over this  First   issue of  Volume V  of  Journal  on  General Engineering. 
 
There are many standards developed for various products and services and manufacturing. For e.g  IS, BS, 
DIN, AWS, Agg Mark and so on . They basically  serve the purpose of some agreement between buyer and 
supplier. When a manufacturer manufactures a product to a certain standard , it gives assurance to the  buyer,  
minimum quality of the product.ISO 9000 is not a standard for a product but it has  seriesof  management 
system standards, that have been created to help organisations ensure that they meet the needs of their 
stakeholders, such as customers, shareholders, personnel, etc., while at the same time complying with 
statutory and regulatory requirements. This is becoming very popular now to get organization certified to 
ISO standard. In our first article we are focusing on   this ISO standards in details. 
 
We come across lot of civil structures while travelling on any road. The bridge is a very important component 
of any road. We come across number of such structures in our life. When something goes wrong with such 
structures, our life became miserable. To avoid such incidences lot of effort are being taken by various 
engineers. In our next  paper we are discussing the  issues related to the type of bridges, their  design, 
construction and  maintenance.
 
Textile industry is a very huge industries with various processes,  right from making yarn / fibers , dyeing, 
knitting, weaving and so on .In last few issues we have seen some aspects like  Dyeing, Pre-treatment etc. 
Because of impurities, even after desizing fabric have  pale appearance.This is mainly due to the presence 
of natural coloring material like pigment .These pigment cannot be   removedeasily .The only way to tackle 
these pigment, is to decolorizethem using suitable oxidizing agents. This will make the fabric in a super white 
form.This process of discoloration of natural pigments is called bleaching.  In this issue we are discussing this 
interesting process of bleaching . 

Heat exchanger  is a device , which is used for transferring heat from one fluid to another through a separating 
wall. These are extensively used in chemical, food and process industries. In our last issue we have studied  
the various types  heat exchangers that are being used today. In this issue , we will look in to the design 
aspects of heat exchangers particularly Shell and tube type heat exchangers.
 
Hope you are finding the articles in the journal, interesting and informative. We anxiously await your 
contribution and feedback to make this journal more interesting and meaningful to all of us.
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Introduction to ISO Standards 
and Certification

- Sunil Wandhekar
E-mail: Wandhekar.s@gmail.com

ISO 9000 is a series of quality management 
system standards that have been created to help 
organisations ensure that they meet the needs of 
their stakeholders, such as customers, shareholders, 
personnel, etc., while at the same time complying 
with statutory and regulatory requirements.
 
ISO 9000 Certified is technically incorrect as ISO 9000 
does not have requirements. “ISO Certified” is also 
incorrect, as it does not state which ISO standard you 
are certified too. 
 
“ISO 9001 Certified” means an organization has met 
the requirements in ISO9001. It defines an ISO 9000 
Quality Management System (QMS).

ISO (International Organization for Standardization) is 
a worldwide federation of national standards bodies 
from each country. The object of ISO is to promote the 
development of standardization and related activities 
in the world with a view to facilitating international 
exchange of goods and services, and to developing 
cooperation in the spheres of intellectual, scientific, 
technological and economic activity. The results of 
ISO technical work are published as International 
Standards. ISO 9000 was first published in 1987. It 
was based on the BS 5750 series of standards from 
BSI that were proposed to ISO in 1979.However, 
its history can be traced back some twenty years 
before that, to the publication of the United States 
Department of Defense.

The goal of ISO 9000 is to embed a quality 
management system within an organization, 
increasing productivity, reducing unnecessary costs, 
and ensuring quality of processes and products. It is 

important to stress that ISO 9000 is not a rigid set of 
requirements, and that organizations have flexibility 
in how they implement their quality management 
system. This freedom allows the ISO 9000 standard 
to be used in a wide range of organizations, and in 
businesses large and small.

The importance of ISO 9000 is the importance of 
quality. Many companies offer products and services, 
but it is those companies who put out the best 
products and services efficiently that succeed. With 
ISO 9000, an organization can identify the root of the 
problem, and therefore find a solution. By improving 
efficiency, profit can be maximized. As a broad range 
of companies implement the ISO 9000 standards, a 
supply chain with integrity is created. Each company 
that participates in the process of developing, 
manufacturing, and marketing a product knows that 
it is part of an internationally known, reliable system.
Not only do businesses recognize the importance 
of the ISO 9000, but also the customer realizes the 
importance of quality. And because the consumer is 
most important to a company, ISO 9000 makes the 
customer its focus.

A good foundation builds a good business, and 
ISO 9000 is a good foundation for small businesses 
that want to expand their market. By introducing a 
quality management system like ISO 9000 to a small 
business, the quality of processes will increase and 
costs due to inefficiency will decrease. In addition, 
a small business will be able to advertise their use 
of the internationally recognized ISO 9000. This may 
create business opportunities that were not available 
before an objectively verified quality management 
system was in place.
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Having management systems in place, such as 
ISO 9000, will also help when selling a business. 
The integrity and value of a small business will be 
apparent with well-documented processes and proof 
of quality. ISO 9000 will ensure the reputation of your 
business in any situation.
 
The ISO 9000 family of standards represent an 
international consensus on good management 
practices with the aim of ensuring that the 
organization can time and again deliver the product or 
services that meet the client’s quality requirements. 

The family of ISO 9000 standards is made up of four 
core standards:
 
1. ISO 9000 – Fundamentals and Vocabulary
 
• ISO 9000:2015 - defines the specifics of quality 

management systems, which form the basis of 
the ISO 9000 family, while also stipulating the 
terms used in these standards.

2. ISO 9001 – Quality Management Systems – 
Requirements - ISO 9001:2008 is applicable to 
businesses and organizations from every sector. 
The process oriented approach makes the 
standard applicable to service organizations as 
well. Its general guidelines allow for the flexibility 
needed for today’s diverse business world.

 
• ISO 9001:2015 - this is the requirement standard 

which provides directions on how to achieve 
quality requirements, meet the relevant 
regulatory requirements, improve satisfaction for 
all stakeholders and have a method of identifying 
and implementing improvements.

 
3. ISO 9004 – Quality Management Systems – 

Guidelines for performance improvements
 
• ISO 9004:2009 - offers guidance for sustained 

success according to the eight quality 
management principles. It lays out the principles 
that senior management should use to improve 
performance while taking into account the 
requirements of all stakeholders.

4. ISO 19011:2011 - sets out guidance on internal 
audits, which are used to confirm and improve 
the effectiveness of a quality management 
system, and external audits, which are generally 
audits of suppliers but can also be done by any 
interested third parties.

Institutional Setup - 
 
BIS is the National Standards Body of India and is a 
founder member of ISO. BIS represents India, in ISO. 
The Technical Committee (TC) number 176 (ISO/TC 
176), and its Sub-committees of ISO are responsible 
for the development of ISO 9000 standards. 
 
ISO 9001 ‘Quality Management Systems – 
Specifications with Guidance for use’ is a standard 
and adopted by BIS as IS/ISO 9001. IS/ISO 9001 is 
the exact replica of ISO 9001. It is a requirements 
standard. It contains a set of requirements to define 
the operation of the Quality Management System. 
Since the requirements are expressed in a general 
form, it has the flexibility to be applied to any 
organization. IS/ISO 9001 is the only certification 
standard in the IS/ISO 9000 family.

There is no difference between ISO 9000 standards 
and IS/ISO 9000 standards. They are exactly the 
same. BIS has adopted the above mentioned ISO 9000 
standard and these are numbered as IS/ISO 9000, IS/
ISO 9001, IS/ISO 9004.These standards published by 
BIS are exact replica of ISO 9000 standards. BIS also 
provides certification against IS/ISO 9001 under its 
Management Systems Certification activity.

Any organization can apply for certification against IS/
ISO 9001. The other standards i.e. IS/ISO 9000 and IS/
ISO 9004 are guidance standards and are not meant 
for certification. The requirements of IS/ISO 9004 
should be implemented by the organizations who 
intend to further improve beyond the requirements 
of IS/ISO 9001. The standard IS/ISO 9004 has an 
important element of `self-evaluation’ and this 
standard are not amenable to certification. ISO 9004 
has been adopted by BIS as IS/ISO 9004 which is exact 
replica of ISO 9004 and is the companion standard 
to IS/ISO 9001. For those organizations willing to 
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implement the Quality
 
Management System specified in IS/ISO 9001, IS/ISO 
9004 provides guidance and illustrations.

The IS/ISO 9001 standards are applicable to all types 
of organizations. The definition of the term `product’ 
in IS/ISO 9000 also include services and their 
combination. Therefore, the requirements of IS/ISO 
9001 are equally applicable to service sector as it is 
applicable to product manufacturing company.

As a minimum one should familiarize with the 
requirements of IS/ISO 9001; Vocabularies given in 
IS/ISO 9000 and guidance standard IS/ISO 9004 will 
help to clearly/understand specific organization’s 
activities and processes and appropriately interpret 
the requirements of the standards. Implement the 
requirements in the various activities and processes 
add value to these processes and activities. For 
training programmes on general awareness on 
the requirements National Institute of Training for 
Standardization (NITS) may be contacted.
 
ISO Certification process:
 
Suggestive Steps to get ISO certification:
 
• Develop a concise quality mission statement 

for company. Post it openly and familiarize all 
employees with it. Using the quality mission 
statement as a guideline, management should 
develop a detailed set of quality goals for the 
organization. 

• Establish a set of policies to instruct each work 
element in how to achieve the overall quality 
goals. Develop a related process to manage and 
monitor whether the work elements are following 
the policies and achieving the quality goals. 

• Educate the workforce on the new quality 
management system. Ensure each work element 
is knowledgeable about their work instructions 
and understand how they will be evaluated in 
terms of achieving quality goals. 

• Implement the quality processes and instructions 
throughout the company. If changes to the 
quality management system are required, allow 

only authorized senior management personnel 
to make such changes. Carefully control all 
policy documents and work instructions so you 
can later demonstrate to certification personnel 
that no one other than authorized personnel has 
accessed or amended the documents. 

• Contact one of the recognized ISO 9000 certifying 
bodies to request a certification audit. These 
certification organizations are present throughout 
the world. 

• Publish the date of the pending audit to all 
employees and ensure they are fully familiar with 
their specific instructions, policies and quality 
goals, as well as the overall corporate quality 
mission statement. 

• Permit the certifying organization to conduct 
the ISO 9000 audit of your company’s quality 
management goals and processes. Demonstrate 
that your documentation is in order, employees 
know their work elements’ processes in relation 
to meeting company quality goals and that you 
have effective quality management systems in 
place. 

• Obtain certification documents from the certifying 
organization after successfully completing the 
audit.

One important aspect of ISO 9000 is its process-
oriented approach.Once this process-oriented 
approach is implemented, various audits can be 
done as a check of the effectiveness of your quality 
management system. There are three main types of 
audits – 1st, 2nd, and 3rd party audits. An internal 
audit is a 1st party audit. ISO 9000 encourages (and 
requires) this type of audit so that an organization 
can get feedback quickly from those who know the 
company best. However, this audit process cannot 
be viewed as impartial. Therefore, 2nd party audits 
allow for a consumer to evaluate the performance 
on an organization. As an alternative to a 2nd party 
audit, many companies choose to become certified 
with ISO 9000 through a 3rd party audit. In this case, 
an independent certification body comes into an 
organization and evaluates it in terms of the ISO 9000 
guidelines. If an organization meets the requirements 
of the standard, it becomes certified in ISO 9000 and 
carries a seal of quality recognized throughout the 
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world.
 
International Organization for Standardization (ISO) 
does not certify organizations itself. Numerous 
certification bodies exist, which audit organizations 
and, upon success, issue ISO 9001 compliance 
certificates. Although commonly referred to as “ISO 
9000” certification, the actual standard to which an 
organization’s quality management system can be 
certified is ISO 9001:2015 (ISO 9001:2008 will expire 
by around September 2018). Many countries have 
formed accreditation bodies to authorize (“accredit”) 
the certification bodies. Both the accreditation 
bodies and the certification bodies charge fees for 
their services. The various accreditation bodies 
have mutual agreements with each other to ensure 
that certificates issued by one of the accredited 
certification bodies (CB) are accepted worldwide. 
Certification bodies themselves operate under 
another quality standard, ISO/IEC 17021, while 
accreditation bodies operate under ISO/IEC 17011.
 
An organization applying for ISO 9001 certification 
is audited based on an extensive sample of its 
sites, functions, products, services and processes. 
The auditor presents a list of problems (defined as 
“nonconformities”, “observations”, or “opportunities 
for improvement”) to management. If there are no 
major nonconformities, the certification body will 
issue a certificate. Where major nonconformities 
are identified, the organization will present an 
improvement plan to the certification body (e.g., 
corrective action reports showing how the problems 
will be resolved); once the certification body is 
satisfied that the organization has carried out 
sufficient corrective action, it will issue a certificate. 
The certificate is limited by a certain scope (e.g., 
production of golf balls) and will display the addresses 
to which the certificate refers.
 
An ISO 9001 certificate is not a once-and-for-all 
award, but must be renewed at regular intervals 
recommended by the certification body, usually 
once every three years. There are no grades of 
competence within ISO 9001: either a company is 
certified (meaning that it is committed to the method 
and model of quality management described in 

the standard) or it is not. In this respect, ISO 9001 
certification contrasts with measurement-based 
quality systems.
 
The ISO 9000 Principles:
 
1. A Customer Focus is the primary focus of a 

business. By understanding and responding to the 
needs of customers, an organization can correctly 
targeting key demographics and therefore 
increase revenue by delivering the products 
and services that the customer is looking for. 
With knowledge of customer needs, resources 
can be allocated appropriately and efficiently. 
Most importantly, a business’s dedication will be 
recognized by the customer, creating customer 
loyalty. And customer loyalty is return business.

2. Good Leadership -  A team of good leaders will 
establish unity and direction quickly in a business 
environment. Their goal is to motivate everyone 
working on the project, and successful leaders 
will minimize miscommunication within and 
between departments. Their role is intimately 
intertwined with the next ISO 9000 principle. 

3. Involvement of people - The inclusion of 
everyone on a business team is critical to its 
success. Involvement of substance will lead to a 
personal investment in a project and in turn create 
motivated, committed workers. These people 
will tend towards innovation and creativity, and 
utilize their full abilities to complete a project. 
If people have a vested interest in performance, 
they will be eager to participate in the continual 
improvement that ISO 9000 facilitates. 

4. Process approach to quality management - The 
best results are achieved when activities and 
resources are managed together. This process 
approach to quality management can lower 
costs through the effective use of resources, 
personnel, and time. If a process is controlled as 
a whole, management can focus on goals that 
are important to the big picture, and prioritize 
objectives to maximize effectiveness.

5. Management system approach - Combining 
management groups may seem like a dangerous 
clash of titans, but if done correctly can result in 
an efficient and effective management system. 
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If leaders are dedicated to the goals of an 
organization, they will aid each other to achieve 
improved productivity. Some results include 
integration and alignment of key processes. 
Additionally, interested parties will recognize the 
consistency, effectiveness, and efficiency that 
come with a management system. Both suppliers 
and customers will gain confidence in a business’s 
abilities. 

6. Continual Improvement - The importance of this 
principle is paramount, and should a permanent 
objective of every organization. Through increased 
performance, a company can increase profits and 
gain an advantage over competitors. If a whole 
business is dedicated to continual improvement, 
improvement activities will be aligned, leading 
to faster and more efficient development.
Ready for improvement and change, businesses 
will have the flexibility to react quickly to new 
opportunities. 

7. Factual approach to decision making - 
Effective decisions are based on the analysis 
and interpretation of information and data. By 
making informed decisions, an organization will 
be more likely to make the right decision. As 
companies make this a habit, they will be able to 
demonstrate the effectiveness of past decisions. 
This will put confidence in current and future 
decisions. 

8. Supplier relationships - It is important to establish 
a mutually beneficial supplier relationship; such 
a relationship creates value for both parties. A 
supplier that recognizes a mutually beneficial 
relationship will be quick to react when a business 
needs to respond to customer needs or market 
changes. Through close contact and interaction 
with a supplier, both organizations will be able to 
optimize resources and costs.

 
Root cause analysis and systemic corrective actions 
ISO 9001:
 
When problem solving, it is important to find the 
cause of problem in order to develop a solution. 
Sometimes, the most obvious cause is not the right 
one. This is why ISO 9000 stresses the importance 
of finding the root cause(s) of a problem. There 

may be multiple, subtle reasons why a process isn’t 
working correctly, and finding the actual causes will 
lead a company one step closer to a solution and 
implementation of corrective actions.The goal of 
finding root causes is to improve the way problems 
are managed. Becoming adept in recognizing the 
root causes of a problem will lead to a reduced 
impact, a containment of error, and the prevention 
of recurrence. Identifying and correcting root causes 
will also lead to the reduction of unnecessary efforts 
which in turn will lower the cost of maintaining 
quality. As more and more corrective actions are 
taken, processes will become more stable, and 
continual improvement will face less interruptions.

ISO 9000 is the standard for a quality management 
system that closely resembles many other 
management systems. These other systems, based 
on health, safety, the environment, and business 
continuity, can be integrated into an overarching 
business management system. Benefits of this 
system include aligned interests, reduced costs, and 
improved efficiency. With one of these systems in 
place, it is easier to implement any of the others; 
many documents required for a different standard 
are already prepared, and personnel are already 
accustomed to the audit process. Using multiple 
standards will not only increase the efficiency of 
an organization, but increase the integrity of its 
operations.

ISO 9000 is a standard created to make the 
attainment of quality, consistent products easier 
by providing specific steps for development of an 
organization’s quality management system. This 
quality management system is meant to monitor the 
progress of a product or service as it goes through 
each stage of production, from development to 
testing to assembly to customer feedback.

One cornerstone of ISO 9000 is continual 
improvement. No company should ever be satisfied 
with the conditions of a process at the given moment; 
they should always be looking for ways to make 
these processes more efficient and effective. ISO 
9000 was written with the business world’s insatiable 
desire for excellence in mind. This is why continual 
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improvement is a requirement of the standard – to 
inspire progress and the pursuit of perfection.

ISO 9000 is seen in every sector of the business 
world, and its success is a testament to its worth. 
With a focus on customer satisfaction, products 
and services improve and flourish under ISO 9000’s 
quality management system. With a combination 
of continual improvement and corrective actions – 
tenets of ISO 9000 – a business will create processes 
that run smoothly and efficiently.
 
ISO 9001:2015 Quality management systems — 
Requirements is a document of approximately 30 
pages which is available from the national standards 
organization in each country. Only ISO 9001 is 
directly audited against for third party assessment 
purposes. Outline requirements for ISO 9001:2015 
are as follows:
  
• Requirements
 
• Section 4: Context of the Organization 
• Section 5: Leadership
• Section 6: Planning
• Section 7: Support
• Section 8: Operation
• Section 9: Performance evaluation
• Section 10: Improvement
 
Essentially the layout of the standard is similar to the 
previous ISO 9001:2008 standard in that it follows 
the Plan, Do, Check, Act cycle in a process based 
approach, but is now further encouraging this to 
have risk based thinking. 

Before the certification body can issue or renew 
a certificate, the auditor must be satisfied that the 
company being assessed has implemented the 
requirements of sections 4 to 10. Sections 1 to 3 
are not directly audited against, but because they 
provide context and definitions for the rest of the 
standard, not that of the organization, their contents 
must be taken into account.

The standard no longer specifies that the organization 
shall issue and maintain documented procedures; 

however ISO 9001:2015 requires the organization 
to document any other procedures required for 
its effective operation. The standard also requires 
the organization to issue and communicate a 
documented quality policy, a Quality Manual (which 
may or may not include documented procedures) 
and numerous records, as specified throughout the 
standard. New for the 2015 release is a requirement 
for an organization to assess risks and opportunities 
and to determine internal and external issues relevant 
to its purpose and strategic directionInterpretations 
of how the standards requirements are a matter for 
the organization to demonstrate, and an external 
auditor to determine, the effectiveness of a quality 
management system. Further detail, interpretation 
and examples of implementation are often sought by 
organizations seeking more information in what can 
be seen as a very technical area.

Evolution of ISO 9000 standards
 
The ISO 9000 standard is continually being revised by 
standing technical committees and advisory groups, 
who receive feedback from those professionals who 
are implementing the standard.

1987 version
 
ISO 9000:1987 had the same structure as the UK 
Standard BS 5750, with three “models” for quality 
management systems, the selection of which was 
based on the scope of activities of the organization:
 
• ISO 9001:1987 Model for quality assurance in 

design, development, production, installation, 
and servicing was for companies and organizations 
whose activities included the creation of new 
products. 

• ISO 9002:1987 Model for quality assurance 
in production, installation, and servicing had 
basically the same material as ISO 9001 but 
without covering the creation of new products. 

• ISO 9003:1987 Model for quality assurance in 
final inspection and test covered only the final 
inspection of finished product, with no concern 
for how the product was produced.
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ISO 9000:1987 was also influenced by existing U.S. and 
other Defense Standards (“MIL SPECS”), and so was 
well-suited to manufacturing. The emphasis tended 
to be placed on conformance with procedures rather 
than the overall process of management, which was 
likely the actual intent
 
1994 version
 
ISO 9000:1994 emphasized quality assurance via 
preventive actions, instead of just checking final 
product, and continued to require evidence of 
compliance with documented procedures. As with 
the first edition, the down-side was that companies 
tended to implement its requirements by creating 
shelf-loads of procedure manuals, and becoming 
burdened with an ISO bureaucracy. In some 
companies, adapting and improving processes could 
actually be impeded by the quality system.
 
2000 version
 
ISO 9001:2000 replaced all three former standards 
of 1994 issue, ISO 9001, ISO 9002 and ISO 9003. 
Design and development procedures were required 
only if a company does in fact engage in the creation 
of new products. The 2000 version sought to make 
a radical change in thinking by actually placing front 
and centre the concept of process management 
(the monitoring and optimisation of a company’s 
tasks and activities, instead of just inspection of the 
final product). The 2000 version also demanded 
involvement by upper executives in order to integrate 
quality into the business system and avoid delegation 
of quality functions to junior administrators. Another 
goal was to improve effectiveness via process 
performance metrics: numerical measurement of 
the effectiveness of tasks and activities. Expectations 
of continual process improvement and tracking 
customer satisfaction were made explicit.
 
ISO 9000 Requirements include:
 
• Approve documents before distribution; 
• Provide correct version of documents at points of 

use; 
• Use your records to prove that requirements 

have been met; and 
• Develop a procedure to control your records.
 
2008 version
 
ISO 9001:2008 in essence re-narrates ISO 9001:2000. 
The 2008 version only introduced clarifications to the 
existing requirements of ISO 9001:2000 and some 
changes intended to improve consistency with ISO 
14001:2004. There were no new requirements. For 
example, in ISO 9001:2008, a quality management 
system being upgraded just needs to be checked to 
see if it is following the clarifications introduced in 
the amended version.
 
ISO 9001 is supplemented directly by two other 
standards of the family:
 
• ISO 9000:2005 “Quality management systems. 

Fundamentals and vocabulary” 
• ISO 9004:2009 “Managing for the sustained 

success of an organization. A quality management 
approach”

 
Other standards, like ISO 19011 and the ISO 10000 
series, may also be used for specific parts of the 
quality system.
 
2015 version
 
In 2012, ISO TC 176 - responsible for ISO 9001 
development - celebrated 25 years of implementing 
ISO 9001, and concluded that it is necessary to 
create a new QMS model for the next 25 years. This 
is why they commenced the official work on creating 
a revision of ISO 9001, starting with the new QM 
principles. This moment was considered by important 
specialists in the field as “beginning of a new era in 
the development of quality management systems.” 
As a result of the intensive work from this technical 
committee, the revised standard ISO 9001:2015 
was published by ISO on 23 September 2015. The 
scope of the standard has not changed, however, 
the structure and core terms were modified to allow 
the standard to integrate more easily with other 
international management systems standards.
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The 2015 version is also less prescriptive than its 
predecessors and focuses on performance. This was 
achieved by combining the process approach with 
risk-based thinking, and employing the Plan-Do-
Check-Act cycle at all levels in the organization. 
 
Some of the key changes include:
 
• Greater emphasis on building a management 

system suited to each organization’s particular 
needs 

• A requirement that those at the top of an 
organization be involved and accountable, 
aligning quality with wider business strategy 

• Risk-based thinking throughout the standard 
makes the whole management system a 
preventive tool and encourages continuous 
improvement 

• Less prescriptive requirements for 
documentation: the organization can now decide 
what documented information it needs and what 
format it should be in 

• Alignment with other key management system 
standards through the use of a common structure 
and core text

 
Effectiveness of the ISO system being implemented 
depends on a number of factors, the most significant 
of which are:
 
1. Commitment of senior management to monitor, 

controls, and improve quality. Organizations that 
implement an ISO system without this desire and 
commitment often take the cheapest road to get 
a certificate on the wall and ignore problem areas 
uncovered in the audits. 

2. How well the ISO system integrates into current 
business practices. Many organizations that 
implement ISO try to make their system fit into a 
cookie-cutter quality manual instead of creating 
a manual that documents existing practices 
and only adds new processes to meet the ISO 
standard when necessary. 

3. How well the ISO system focuses on improving 
the customer experience. The broadest 
definition of quality is “Whatever the customer 
perceives good quality to be.” This means that 

a company doesn’t necessarily have to make 
a product that never fails; some customers will 
have a higher tolerance for product failures if 
they always receive shipments on-time or have 
a positive experience in some other dimension 
of customer service. An ISO system should take 
into account all areas of the customer experience 
and the industry expectations, and seek to 
improve them on a continual basis. This means 
taking into account all processes that deal with 
the three stakeholders (customers, suppliers, 
and organization); only then will a company be 
able to sustain improvements in the customer’s 
experience. 

4. How well the auditor finds and communicates 
areas of improvement. While ISO auditors may 
not provide consulting to the clients they audit, 
there is the potential for auditors to point out 
areas of improvement. Many auditors simply rely 
on submitting reports that indicate compliance 
or non-compliance with the appropriate section 
of the standard; however, to most executives, 
this is like speaking a foreign language. Auditors 
that can clearly identify and communicate areas 
of improvement in language and terms executive 
management understands facilitate action on 
improvement initiatives by the companies they 
audit. When management doesn’t understand 
why they were non-compliant and the business 
implications associated with non-compliance, 
they simply ignore the reports and focus on what 
they do understand.

Advantages
 
It is widely acknowledged that proper quality 
management improves business, often having a 
positive effect on investment, market share, sales 
growth, sales margins, competitive advantage, and 
avoidance of litigation. Implementing ISO often gives 
the following advantages:
1. Creates a more efficient, effective operation 
2. Increases customer satisfaction and retention 
3. Reduces audits 
4. Enhances marketing 
5. Improves employee motivation, awareness, and 

morale 
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6. Promotes international trade 
7. Increases profit 
8. Reduces waste and increases productivity 
9. Common tool for standardization 
10. Enables to meet the requirements of an 

internationally uniform quality system.
11. Motivates the employees and develops pride in 

them for achieving excellence.
 
The International standardsguidelines outlined 
below can provide assistance to organizations when 
they are establishing or seeking to improve their 
quality management systems, their process or their 
activities: 
 
• ISO 10001 Quality management – Customer 

Satisfaction (Needs and expectations) 
• ISO 10001 Quality management – Customer 

Satisfaction (Addressing Needs and expectations 
of complaints and resolving any complaints 
received) 

• ISO 10003 Quality management – Customer 
Satisfaction (Dispute resolution external to 
organizations) 

• ISO 10004 Quality management – Customer 
Satisfaction ( Monitoring and measuring customer 
satisfaction and to determine opportunities of 
improvement) 

• ISO 10005 Quality management System –Quality 
Plans 

• ISO 10006 Quality management System –Quality 
management in projects 

• ISO 10007 Quality management System – 
Configuration management

• ISO 10008 Quality management– Business to 
consumer electronic commerce transactions 

• ISO 10012 – Measurement management Systems   

– Requirements for measurement process and 
measuring equipment
 
• ISO/TR 10013 Quality management System – 

Documentation 
• ISO 10014 Quality Management – Realizing 

financial and economical benefits 
• ISO 10015 Quality Management – Issues related 

to training 
• ISO/TR 10017 – Statistical techniques for ISO 

9001-2000 
• ISO 10018 Quality Management – People 

involvement and competence 
• ISO 10019 – Selection of Quality Management 

system consultants and use of their services 
• ISO 19011 – Auditing Management Systems
 
References:
 
1. Indian Standard – Quality Management System 

Requirements – Fourth Version -  IS/ISO 9001:2015 
2. http://www.bis.org.in/cert/qmsfaq.pdf 
3. http://www.pjr.com/standards/iso-90012008/

benefits-of-iso-9000 
4. https://en.wikipedia.org/wiki/ISO_9000 
5. http://smallbusiness.chron.com/become-iso-

9000-certified-40380.html



13The Exponent Group of Journals For General Engineering, Volume 5, Number 1, Dec 2016 - Feb 2017

Construction of Bridges and 
Related Issues

- Sunil Wandhekar
E-mail: wandhekar.s@gmail.com

Introduction: 

Every body uses road for his/her day today business. We come across lot of civil structures while travelling on 
any road. The bridge is a very important component of any road. We come across number of such structures 
in our life. When something goes wrong with such structures, our life became miserable. To avoid such 
incidences lot of effort are being taken by various engineers. In this paper we are going to cover issues related 
to the type of bridges, their  design, construction, maintenance , failures & rehabilitation  and innovative 
ideas/techniques used in construction of such infrastructures.

As per available information the bridges in the State of Maharashtra is as under:

Name of Region No. of Major Bridges No. of Minor Bridges
Mumbai 435 1536

Pune 385 2342
Nashik 1308 4621

Aurangabad 468 3935
Amravati 266 2631
Nagpur 400 3739

Total 3262 18804

Total number of bridges on state road is 22066(2014). Above figures show the quantum of such structures.

Definition of Bridge: 
 
A structure including supports erected over a depression or an obstruction such as waterway or railway 
and having a track or way for carrying traffic  or other moving loads and having an opening measured along 
the centre of the roadway of more than 6 meterbetween under copings of abutments or spring lines of the 
arches or extreme ends of openings for multiple boxes; it may also include multiple pipes, where the clear 
distance between openings is less than half of the smaller contiguous opening.

Type of Bridges:
 
Type of Bridgesdepends upon its shape, material used for construction of bridge, whether it clears waterway 
for high flood level or otherwise, usage of bridge, type of crossing etc. Bridges may also be classified by how 
the forces of tension, compression, bending, torsion and shear are distributed through their structure. Most 
bridges will employ all of the principal forces to some degree, but only a few will predominate. 
 
Few oftype of bridges are as follows.
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1. Beam bridge
2. Truss bridge
3. Cantilever bridge
4. Arch bridge
5. Tied arch bridge
6. Suspension bridge
7. Cable-stayed bridges
8. Fixed or movable bridge
9. Double-decked bridge

Double-decked George Washington Bridge, 
connecting New York City to Bergen County, New 
Jersey, USA.
  

A typical Stone Masonry Arch bridge

 
Viaducts
 
A viaduct is made up of multiple bridges connected 
into one longer structure. The longest and some of 
the highest bridges are viaducts.
 
A bridge can also be categorized by what it is designed 
to carry, such as trains, pedestrian or road traffic, a 
pipeline or waterway for water transport or barge 
traffic. An aqueduct is a bridge that carries water, 
resembling a viaduct, which is a bridge that connects 
points of equal height. A road-rail bridge carries both 

road and rail traffic. A bridge can carry overhead 
power lines also.
  

The railway bridge over Mura River in MurskoSredišće, 
Croatia

Bridge types by material
 
The materials used to build the structure are also 
used to categorize bridges. Until the end of the 18th 
Century, bridges were made out of timber, stone 
and masonry. Modern bridges are currently built 
in concrete, steel, fibre reinforced polymers (FRP), 
stainless steel or combinations of those materials.

The Iron Bridge completed in 1781 was the first cast 
iron bridge
 
There are bridges that are constructed using trusses 
built from structural steel, or box girders built from 
pre-stressed concrete. The cables are usually made 
of steel cables galvanised with zinc, along with most 
of the cable stayed bridge or suspension bridge, but 
some bridges are still made with steel reinforced 
concrete. Stone, brick and other such materials 
that are strong in compression are also used in arch 
bridges.
 
Most bridges are utilitarian in appearance, but 
in some cases, the appearance of the bridge can 
have great importance. Often, this is the case with 
a large bridge that serves as an entrance to a city, 
or crosses over a main harbour entrance. These are 
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sometimes known as signature bridges. Designers 
of bridges in parks and along parkways often place 
more importance to aesthetics, as well.

 
The World Heritage Site of Stari Most (Old Bridge) 
gives its name to the city of  Mostar, Bosnia and  
Herzegovina
 
Most of the bridges are designed to clear high flood 
level; these are named as high level bridges. The 
bridges those remain under water for permissible 
period are named as submersible bridges. Few 
bridges are high level submersible bridges.

A footbridge (also called a pedestrian bridge, 
pedestrian overpass, or pedestrian overcrossing) is a 
bridge designed for pedestrians and in some cases 
cyclists, animal traffic, and horse riders, instead of 
vehicular traffic.

  

A footbridge in Shaharah District, Yemen

 
A stressed ribbon bridge for pedestrians, bicycles, 
and pipelines in Grants Pass, Oregon

An overpass (called a flyover in the United Kingdom 
and some other Commonwealth countries) is a 
bridge, road, railway or similar structure that crosses 
over another road or railway. An overpass and 
underpass together form a grade separation. Stack 
interchanges are made up of many overpasses.

 

 
The Judge Harry Pregerson Interchange with the 
Harbor Freeway (I-110) in Los Angeles

Military bridge
 
The following is a partial list of Military bridges
 
• AM 50 
• Armored vehicle-launched bridge 
• Bailey bridge 
• Callender-Hamilton bridge 
• Mabey Logistic Support Bridge ]\
• Medium Girder Bridge 
• Pontoon bridge

A pontoon bridge
 
A pontoon bridge, also known as a floating bridge, 
uses floats or shallow-draft boats to support a 
continuous deck for pedestrian and vehicle travel. 
The buoyancy of the supports limits the maximum 
load they can carry.
 

 
U.S. Army troops cross the Rhine on a heavy pontoon 
bridge, March, 1945
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Tensegrity, tensional integrity or floating 
compression, is a structural principle based on the 
use of isolated components in compression inside 
a net of continuous tension, in such a way that the 
compressed members (usually bars or struts) do not 
touch each other and the pre-stressed tensioned 
members (usually cables or tendons) delineate the 
system spatially.

 
Largest Tensegrity bridge in the world Kurilpa Bridge- 
Brisbane

Trestle bridge
 
A trestle (sometimes tressel) is a rigid frame used as 
a support, historically a tripod used both as stools 
and to support tables at banquets. A trestle bridge 
is a bridge composed of a number of short spans 
supported by such frames.

  
Typical Trestle Bridge

Design of Bridges:
 
The design of bridge depends mainly on purpose 
of its usage, design criteria, geotechnical data, 
hydraulic data, loading / traffic data, seismic criteria, 
durability criteria, type of terrain etc. The role of 
bridge design engineer is very crucial. He decides 
the various parameters that are required for the 
design of the bridge. There are various standards for 
design of various component of the bridge. In India 
design engineer follows Indian Road Congress - IRC 
Codes &its special publications as guidelines for the 
purpose of design of bridges. IRC has also published 

the typical drawings of various bridges. For ready 
reference few IRC codes and special publication are 
mentioned here.

Sr. 
No

IRC Codes Details

1 IRC:SP:51-1999 Guidelines for Load Testing 
of Bridges

2 IRC:SP:52-1999 Bridge Inspection’s 
Reference Manual

3 IRC:SP:53-1999 Tentative Guidelines on 
Use of Rubber and Polymer 
Modified Bitumen in Road 
Construction

4 IRC:SP:54-2000 Project Preparation Manual 
for Bridges.

5 IRC:SP:56-2000 Guidelines for Steel 
Pedestrian Bridges

6 IRC:SP:37-1991 Guidelines for Evaluation of 
Load Carrying Capacity of 
Bridges

7 IRC:SP:35-1990 Guidelines for Inspection 
and Maintenance of Bridge

8 IRC:SP:18-1978 Manual for Highway Bridge 
Maintenance Inspection.

9 IRC:SP:13-1973 Guidelines for the Design of 
Small Bridges & Culvert

10 IRC:SP:9-1972  Rating of Bridges.
11 IRC:SP:1-1971 Bridging India’s Rivers, Vol.I
12 IRC:SP:10-1972 Bridging India’s Rivers, Vol. 

II
13 IRC:SP:4-1966 Bridge Loading Round the 

World
14 IRC:SP:6-1966 Modern Trends in the 

Design and Construction 
of Prestressed Concrete 
Bridges Around the World.

15 IRC:SP:71-2006 Guidelines for Design 
and Construction of 
Pretensioned Girder of  
Bridges

16 IRC:SP:70-2005 Guidelines for the Use of 
High Performance Concrete 
in Bridges

17 IRC:SP:74-2007  Guidelines for Repair and 
Rehabilitation of Steel 
Bridges
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Sr. 
No

IRC Codes Details

18 IRC:SP:75-2008 Guidelines for Retrofitting 
of Steel Bridges by 
Prestressing

19 IRC:SP:61-2004  An Approach Document 
on Whole Life Costing for 
Bridges in India

20 IRC:SP:65-2005  Guidelines for Design and 
Construction of Segmental 
Bridges

21 IRC:SP:67-2005 Guidelines for Use of 
External and Unbounded 
Prestressing Tendons in 
Bridge Structures

22 IRC:SP:52-1999  Bridge Inspector’s 
Reference Manual

23 IRC:SP:60-2002 An Approach Document for 
Assessment of Remaining 
Life of Concrete Bridges

24 IRC:5-1985 Standard Specifications & 
Code of Practice for Road 
Bridges, Section I- General 
Features of design (Sixth 
Revision)

25 IRC:6-1966 Standard Specifications 
& code of Practice for 
Road Bridges, Section II – 
Loads and Stresses (Third 
Revision)

26 IRC:87-1984  Guidelines for the Design & 
Erection of False work for 
Road Bridges

27 IRC 112: Code of Practice for 
Concrete Road Bridges 2011

28 MOST Specifications for Road and Bridge 
Works, 1994 (Third Revision) 2000

29 MOST Addendum to Technical Circulars & 
Directives on National Highways & Centrally 
Sponsored Road & Bridge Works, 1989

30 MOST Standard Plans for 3.0 m to 10.0 m 
Span Reinforced Cement Concrete Solid Slab 
Superstructure with and without Footpaths 
for Highways, 1991

31 MOST Standard Plans for Highway Bridges 
R.C.C. T –Beam & Slab Superstructure – Span 
from 10 m to 24 m with 12 m width, 1991

Sr. 
No

IRC Codes Details

32 MOST Standard Plans for Highway Bridges PSC 
Girder and RC Slab Composite Superstructure 
for 30 m Span with and without Footpaths, 35 
m Span with Footpaths and 40 m Span without 
Footpaths, 1991

33 MOST Standard Drawings for Road Bridges 
– R.C.C. Solid Slab Superstructure (15° & 30° 
SKEW) Span 4.0 m to 10.0 m (with and without 
Footpaths), 1992

 
There are various components of bridges such as 
foundation, substructure, superstructure, approaches 
etc. The type of foundation of bridges depends upon 
the type of strata, safe bearing capacity of the strata, 
and ease of construction.  The type of superstructure 
depends upon the requirement of clearances for 
traffic, clearance for navigational usage, aesthetics 
of the structure, usage of material, etc.  There are 
other components such as expansion joints, bearings 
of bridges etc.  Nowadays a lot of innovative design 
of every component is available in the market.

Construction of Bridges:-
 
Once the design engineer does his/her job, the site 
engineer executes the works as per the schedules/
drawings which are issued by the design engineer. 
There are various challenges during construction 
of bridge such as abnormal floods during execution 
of foundations, failure of supporting system for 
superstructure, etc.  The site engineer has to 
take proper precaution during execution of every 
component of the structure.  There are various check 
lists for every component.  He/she has to observe all 
safety measures as per the prevailing guidelines.
 
The site engineer has to point out the change in strata 
met during execution of foundation.  He/she has to 
intimate any such change to the design engineer 
so as to get the modified design accordingly.  The 
temporary support system is required to be properly 
designed to support the soil strata during excavation 
of foundations.  In few cases the construction of 
temporary structures such as cofferdam, diversion 
of stream etc. are needed as per the actual site 
conditions.
 
Such structures are built by various agencies such 
as PWD, Municipal Corporation, Local authorities 
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etc.  The time period for construction of such 
structures depend upon the technology that is 
to be used for construction, complexity during 
execution of foundations, restrictions of traffic flow 
etc.  The execution of suchstructures are based on 
departmental design or based on contractor’s own 
design.  The works are taken up through tendering.  
The mode of execution may be PPP - Public Private 
Partnership, BOT - Built Operate and Transfer, 
departmental work on regular B-1 tender or EPC 
contracts. Once bridge is constructed as per the 
norms, it is opened for traffic for pedestrians or users. 
The agency has to submit the maintenance manual 
to the authority before completion of the project. 

Maintenance of the structures:
 
Once the bridge is constructed and opened for traffic, 
it is very essential to maintain it up to the mark of 
highest safety standards. There are various manuals 
and guidelines issued by local State Government, 
Central Government regarding this aspect. The 
responsibility of the maintenance engineer is to do 
routine, special inspection of such structures as per 
guidelines. He/she has to point out any defect found 
during such inspection to his/her high authorities 
so that the rectifications of such defects arecarried 
out on time. During maintenance, few components 
such as bearings, wearing coat, crash barriers, and 
expansion joints needs to be replaced after defined 
interval. The maintenance of such structure should 

be strictly as per maintenance manual. 

Failures & Rehabilitation issues:
 
Engineering is usually about avoiding failures and 
investigating why failures occur and ways to fix the 
problem. There is a need to understand the conditions 
giving rise to past failures and ways to avoid such 
failures so that loss of life can be minimised. Failures 
occur in different forms in a material. Here the role 
of forensic engineer is important. Forensic Engineer 
explains how and why failure occurred. The forensic 
process gets to the roots cause of the problem. It gives 
a clear insight into structural behaviour and lack of 
maintenance, providing an independent account of 
deficiencies that lead to loss of life and / or damage. 
Conducting forensic engineering involves-
 
• Expert witnessing 
• Defective skills 
• Technical knowledge  
• Legal aspect of damage caused

The numerical rating of a bridge based on its structural 
adequacy  and safety, essentiality for public use 
and it’s serviceability and functional obsolescence 
is required to be worked out based on standard 
practices. The few details of such failures are given in 
following table. 



  
Table No. 1

Sr. No. Bridge Location Country Date Construction type, 
use of bridge Reason Casualties Damage Comments

1

Hoan Bridge Milwaukee, Wisconsin United States 13 Decem-
ber 2000

Concrete and steel 
bridge

Northbound right lane 
began to buckle dur-
ing the morning rush 
hour and sagged a few 
feet below normal. 
Damage was said to 
have been caused by 
extremely cold weath-
er, snow, and heavy 
amounts of traffic.

0 killed, 0 
injured Partial collapse

Damaged section removed by controlled demoli-
tion and rebuilt. Remainder of bridge extensively re-
paired and retrofitted.

2

HintzeRibeiro disas-
ter

Entre-os-Rios, Castelo de 
Paiva Portugal 5 March 

2001
Masonry and steel 
bridge built in 1887

Pillar foundation be-
came compromised 
due to years of il-
legal, but permitted 
sand extraction and 
the central span col-
lapsed.

59 killed Collapse of cen-
tral sections

HintzeRibeiro Bridge after the collapse

Bridge collapsed when a bus was passing in stormy 
weather with fast river flow. 3 cars also fell in the col-
lapsed section. Bridge demolished and replaced by 
modern bridge.

3

Asagiri footbridge Akashi, Hyōgo Japan 21 July 2001

Whilst progressing to 
a summer firework 
festival, people stam-
peded and panicked

11 killed, 
247 injured

4 Kadalundi River rail 
bridge Kadalundi India 21 July 2001 140-year-old rail 

bridge collapsed
57 killed (all 
drowned)

5

Queen Isabella Cause-
way

Port Isabel, Texas and South 
Padre Island, Texas United States 15 Septem-

ber 2001

Concrete bridge for 
vehicle traffic over La-
guna Madre

4 loaded barges veered 
175 feet (53 m) west of 
the navigation channel 
and struck one of the 
bridge supports, caus-
ing a partial collapse of 
3 sections measuring 
approximately 80 feet 
(24 m) each.

8 killed, 13 
survivors Partial collapse

The damaged section of the Queen Isabella Causeway

The collapse had a significant economic impact on the region 
since the Causeway is the only road connecting South Padre 
Island to Port Isabel. The bridge also carried electricity lines 
and fresh water to the island. State officials brought in ferries 
to temporarily carry cars across the Laguna Madre. Repair 
cost for the bridge was estimated US$5 million.



6

I-40 bridge disaster Webbers Falls, Oklahoma United States 26 May 
2002

Concrete bridge 
for vehicle traffic 
over Arkansas River

Barge struck one pier 
of the bridge causing 
a partial collapse

14 killed Partial collapse

I-40 Bridge, May 31, 2002 Bridge was later repaired

7
Rafiganj rail bridge Rafiganj India 10 Septem-

ber 2002

Terrorists sabotaged 
rail bridge, causing 
crash

130 killed

8

Sgt. Aubrey Co-
sensVC Memorial 
Bridge,

Latchford, Ontario, Canada 14 January 
2003

Partial failure under 
load of transport truck 
during severely cold 
temperatures. Fatigue 
fractures of three 
steel hanger rods cit-
ed to be primary rea-
son for failure.

0 killed, 0 
injured

Partial failure 
of bridge deck. 
Overhead su-
perstructure un-
damaged.

Bridge reopened after complete reconstruction. Exist-
ing overhead arch remained, however new bridge deck 
was designed to be supported by sets of 4 hanger ca-
bles, where the existing deck was designed for single 
hanger cables.

9

Kinzua Bridge Kinzua Bridge State 
Park, Pennsylvania United States 21 July 2003 Historic steel rail via-

duct
Hit by tornado with 
100 mph winds 0 killed Partial collapse

Failed bridge The state decided not to rebuild the 
Kinzua Bridge.

10 Igor I. Sikorsky Me-
morial Bridge re-
placement project

Connecticut United States F e b r u a r y 
2004

Collapse occurred in 
during demolition of 
the original 1940 span

1 killed
Single fatality occurred when the crane he was operat-
ing was knocked from its barge by falling steel from the 
bridge



11

Interstate 95 How-
ard Avenue Over-
pass

Bridgeport, Connecticut United States 26 March 
2004 Girder and floorbeam

Car struck a truck car-
rying 8,000 US gallons 
(30,000 litres; 6,700 
imperial gallons) of 
heating oil, igniting a 
fire that melted the 
bridge superstructure, 
causing collapse of 
the southbound lanes

0 killed, 1 
injured Partial collapse

Northbound lanes shored up with falsework and re-
opened 3 days later; temporary bridge installed to carry 
southbound lanes. New permanent bridge completed 
in November 2004.

12
Big Nickel Road 
Bridge Sudbury, Ontario Canada 7 May 2004 0 killed

Collapsed onto 
roadway below 
during construc-
tion

13

C-470 overpass 
over I-70 Golden, Colorado United States 15 May 

2004

As part of a construc-
tion project, a girder 
twisted, sagged, and 
fell onto I-70. An SUV 
was driving eastbound 
and struck the fallen 
girder; the top of the 
vehicle was torn off 
and the three passen-
gers died instantly.[24]

3 killed, 0 
injured Girder collapse

14 Mungo Bridge Cameroon 1 July 2004 Steel girder for road 
traffic Partial collapse Yet to be repaired

15
Loncomilla Bridge near San Javier Chile 18 Novem-

ber 2004

Concrete bridge for 
vehicle traffic over 
Maule River

The structure was not 
built on rock, but rath-
er on fluvial ground.

0 killed, 8 
injured Partial collapse Bridge was later repaired

16 Veligonda Railway 
Bridge India 29 October 

2005 Railway bridge flood washed rail 
bridge away 114 killed

17 Almuñécar motor-
way bridge

Almuñécar, Province of 
Granada Spain 7 November 

2005 Motorway bridge
Part collapsed during 
construction, reason 
unknown

6 killed, 3 
injured  A 60-metre (200 ft) long part fell 50 metres (160 ft)

18 Caracas-La Guaira 
highway, Viaduct #1 Tacagua Venezuela 19 March 

2006
Highway viaduct over 
a gorge Landslides 0 killed, 0 

injured Total collapse Demolished, it was rebuilt and reopened on 21 June 
2007

19
E45 Bridge Nørresundby Denmark 25 April 

2006 Road bridge
Collapsed during re-
construction due to 
miscalculation

1 killed Bridge total 
damage

20 Y e k a t e r i n b u r g 
bridge collapse Yekaterinburg Russia 6 Septem-

ber 2006
Collapse during con-
struction

0 killed, 0 
injured

21 Highway 19 over-
pass at Laval (De la 
Concorde Overpass 
collapse)

Laval, Quebec Canada 30 Septem-
ber 2006 Highway overpass

Shear failure due to 
incorrectly placed re-
bar, low-quality con-
crete

5 killed, 6 
injured

20-metre (66 ft) 
section gave way Demolished; was rebuilt, reopened on 13 June 2007.

22 Nimule Nimule Kenya/Sudan O c t o b e r 
2006

Struck by truck over-
loaded with cement



23

Pedestrian bridge Bhagalpur India D ec em b er 
2006

150-year-old pedes-
trian bridge (being 
dismantled) collapsed 
onto a railway train as 
it was passing under-
neath.[28]

More than 
30 killed

24 Railway bridge Eziama, near Aba Nigeria D ec em b er 
2006 Unknown U n k n o w n 

killed Restored 2009

25 Run Pathani 
Bridge Collapse

80 km (50 miles) east of Ka-
rachi, Pakistan 2006 Collapsed during the 

2006 monsoons

26

South eastern Guinea Guinea March 2007

Bridge collapsed un-
der the weight of a 
truck packed with pas-
sengers and merchan-
dise.[30]

65 killed

27
South Korea 5 April 2007

Parts of a bridge col-
lapses during con-
struction

5 killed, 7 
injured Bridge being built between the two Southern Islands.

28

MacArthur Maze Oakland, California United States 29 April 
2007

Tanker truck crash and 
explosion, resulting 
fire softened steel sec-
tions of flyover caus-
ing them to collapse.

1 injured 
in crash, 0 
from col-
lapse

Span rebuilt in 26 days.

29 Highway 325 
Bridge over the Xiji-
ang River

Foshan, Guangdong China 15 June 
2007 Motorway bridge Struck by vessel

8 killed, un-
known in-
jured

Section col-
lapsed Unknown

30 Gosford Culvert 
washaway Gosford, New South Wales Australia 8 June 2007 Culvert collapse[32] 5 killed (all 

drowned)

31

Minneapolis I-35W 
bridge over the Mis-
sissippi River

Minneapolis, Minnesota United States 1 August 
2007 Arch/truss bridge

The NTSB said that un-
dersized gusset plates, 
increased concrete 
surfacing load, and 
weight of construction 
supplies/equipment 
caused this collapse.

13 killed, 
145 injured

Total bridge fail-
ure

Security camera images show the collapse in animation, 
looking north.

Collapsed at 6:05PM beneath bumper-to-bumper rush 
hour traffic confined to 4 of 8 lanes due to resurfac-
ing in progress. The rebuilt I-35W Saint Anthony Falls 
Bridge was reopened on 18 September 2008.



32

Tuo River bridge Fenghuang, Hunan China 13 August 
2007 Unknown

Currently under 
investigation,[needs update]

believed to be linked 
to the fact that local 
contractors often opt 
for shoddy materi-
als to cut costs and 
use migrant laborers 
with little or no safety 
training

34 killed, 22 
injured Total collapse Collapsed during construction as workers were remov-

ing scaffolding from its facade

33

Harp Road bridge Oakville, Washington United States 15 August 
2007

Main thoroughfare 
into Oakville over 
Garrard Creek, Gray-
sHarbor County

Collapsed under 
weight of a truck haul-
ing an excavator[33][34]

[35]

0 killed, 0 
injured

Majority to total 
collapse; tempo-
rary or perma-
nent bridge is 
needed.

Approximate weight of load was 180,000 pounds 
(82,000 kg); bridge is rated at 35,000 pounds 
(16,000 kg). Residents must take a 23-mile (37 km) de-
tour.

34
Water bridge Taiyuan, Shanxi province China 16 August 

2007

180t vehicle overload-
ed bridge designed for 
20t[36]

unknown Total collapse of 
1 span of 2

35 Shershah Bridge – 
Section of the 
Northern Bypass, 
Karachi

Karachi Pakistan 1 Septem-
ber 2007 Overpass bridge Investigation under-

way
5 killed, 2 
injured

Collapse may have been caused because of lack of ma-
terial strength. The reconstruction is in progress.[when?]

36 Flyover bridge Punjagutta, Hyderabad, 
Andhra Pradesh India 9 Septem-

ber 2007 During construction 15-30 killed

37 Chhinchu suspen-
sion bridge Nepalgunj, Birendranagar Nepal 25 Decem-

ber 2007
Overcrowded suspen-
sion bridge collapsed

19 killed, 15 
missing

38

CầnThơ Bridge CầnThơ Vietnam 26 Septem-
ber 2007

Collapse of a tempo-
rary pillar due to the 
sandy foundation it 
was set on.[38]

55 killed, 
h u n d r e d s 
injured

Section buckled 
while construc-
tion was under-
way

Pieces of CầnThơ Bridge remaining after its collapse on 
4 October 2007, ten days after the accident.

A preliminary investigation discovered that the engi-
neers had underspecified the loading capacity of the 
scaffolding in several ways, but ultimately it was deter-
mined that the unevenly settling foundation was the 
primary cause of the collapse.

39
Jintang Bridge Ningbo, Zhejiang province China 27 March 

2008
Ship hit lower support 
structure of bridge[36]

4 Killed, 0 
Injured

60m span of un-
der-construction 
bridge collapsed



40

The Cedar Rapids 
and Iowa City Rail-
way (CRANDIC) 
bridge

Cedar Rapids, Iowa United States 12 June 
2008 Railroad bridge During June 2008 

Midwest floods
0 killed, 0 
injured

Three of the 
bridge’s four 
steel spans were 
swept into the 
river along with 
15 CRANDIC rail 
cars loaded with 
rock

The Cedar River was still swollen in this image taken 10 
days after the bridge’s collapse.

41

Road bridge Studénka Czech Republic 8 August 
2008

Train crashed into a 
road bridge over the 
railway under con-
struction, which col-
lapsed on the track 
immediately before 
the arrival of a train

8 killed, 70 
injured

42 Somerton Bridge Somerton, New South 
Wales Australia 8 December 

2008 Timber road bridge Heavy flooding None Collapse of 
northern span

Bridge collapsed during heavy flooding due to poor 
maintenance

43

Devonshire Street 
pedestrian bridge Maitland, New South Wales Australia 5 March 

2009 Footbridge Oversized truck clip-
ping main span

0 killed, 4 
injured (Car 
& Truck 
Drivers)

Main span fall-
ing on New Eng-
land Highway, 
road closed for 
4 days

Replaced by taller Footbridge 18 months later

44 Bridge on SS9 
over River Po Piacenza Italy 30 April 

2009 Road bridge Collapsed due to flood 
of River Po

0 killed, 1 
injured

Replaced by a temporary floating bridge 6 months later, 
then by a definitive new bridge that opened on 18 De-
cember 2010

45 9 Mile Road Bridge 
at I-75 Hazel Park, Michigan United States 15 July 2009 Road bridge Collapsed due to tank-

er accident
0 killed, 1 
injured Rebuilt and reopened on 11 December of that year

46

Malahide Viaduct Broadmeadow – 13 km (8.1 
miles) north of Dublin Ireland 21 August 

2009 Railway bridge

One span of via-
duct collapsed 
after tidal scour-
ing of founda-
tions — first re-
ported by local 
Sea-scouts.

47
Tarcoles Bridge Orotina Costa Rica 22 October 

2009

Suspension bridge 
built 1924, 270-foot 
(82 m) span.

Overload by heavy 
trucks and dead loads 
(water pipes).

5 killed, 30 
injured

Bridge total 
damage

48

San Francisco – Oak-
land Bay Bridge

Connects San Francisco 
and Oakland, California United States 27 October 

2009 I-80

Two tension rods and 
a crossbeam from a 
recently installed re-
pair collapsed during 
the evening commute, 
causing the bridge to 
be closed temporarily.

0 killed, 1 
injury

During an extended closure as part of the eastern 
span replacement of the San Francisco Oakland Bay 
Bridge over the 2009 Labor Day holiday, a critical fail-
ure was discovered in an eyebar that would have been 
significant enough to cause a closure of the bridge.[45]

Emergency repairs took 70 hours and were completed 
on 9 September 2009. This is the repair that failed.

49 Railway Bridge 
RDG1 48 over the 
River Crane near 
Feltham

Feltham England 14 Novem-
ber 2009

Brick arch railway 
bridge built 1848

Undermined by scour 
from river. No injuries . River span be-

yond repair. Rebuilt as reinforced concrete.



50 N o r t h s i d e 
Bridge, Working-
ton. Navvies Foot-
bridge, Workington. 
Camerton Foot-
bridge, Camerton. 
Memorial Gardens 
footbridge, Cocker-
mouth. Low Lorton 
Bridge, Little Braith-
waite Bridge.

Cumbria England 21 Novem-
ber 2009

Traditional sand-
stone bridges.

Very intense rainfall 
produced extreme 
river loads that over-
whelmed all the 
bridges.

1 police-
man killed

All bridges de-
stroyed or dam-
aged beyond 
repair

See Barker Crossing.

51 Kota Chambal 
Bridge Kota, Rajasthan India 25 Decem-

ber 2009
9 killed, 45 
missing Bridge collapsed while under construction

52

Myllysilta Turku Finland 6 March 
2010

Bridge bent 143 centi-
metres (56 in) due to 
structural failures of 
both piers

0 killed, 0 
injured Demolished June–July 2010

53

Gungahlin Drive Ex-
tension bridge

Canberra, Australian Capital 
Territory Australia 14 August 

2010 Concrete road bridge Under investigation 15 workers 
injured

Collapse of the 
half-built span

GDE Bridge after the collapse

Bridge collapsed during a concrete pour.

54

Guaiba’s Bridge (BR-
290)

Porto Alegre, Rio Grande 
do Sul Brazil 1 October 

2010
Concrete and steel 
bridge 

Braking system (elec-
trical) failure stuck 
the main span 9 me-
ters above the lane 
rendering the bridge 
useless by (at least) 3 
hours.

0 killed, 0 
injured Bridge fixed Damaged probably due to a vessel which collided, 

bending the main span in April 30, 2008.

55 O v e r b r i d g e 
over Chengdu-Kun-
ming Freeway

Zigong China 1 July 2011
Truck crashed against 
concrete support pil-
lar

O v e r b r i d g e 
destroyed, fell 
onto highway.

56

Gongguan Bridge Wuyishan, Fujian China 14 July 2011 Overloading 1 Killed, 22 
Injured

Entire bridge 
collapsed, tour-
ist bus with 
23 people on 
board crashed 
to ground

57
No. 3 Qiantang Riv-
er Bridge over Qian-
tang River

Hangzhou, Zhejiang prov-
ince China 15 July 2011 Overloading 0 Killed, 1 

Injured

Partial collapse 
leaving a 20-me-
ter-long, 1-me-
ter-wide pit in 
one lane

Collapse due to two trucks each loaded with over 100 
tonnes of goods crossing bridge



58
B a i h e 
Bridge in Huai-
rou district

Beijing China 19 July 2011

Bridge designed for 
max. 46 tonne vehi-
cles, truck overloaded 
with 160 tons of sand 
caused it to collapse.

0 Killed, 0 
Injured

Entire 230m 
bridge de-
stroyed.

59

KutaiKartanegara 
Bridge

Tenggarong, East Kaliman-
tan Indonesia 26 Novem-

ber 2011 Suspension bridge

Human error. Bridge 
collapsed while work-
ers repaired a cable. 
(Under investigation)

20 killed, 40 
injured (33 
missing)

Deck completely 
destroyed, 2 
bridge pillars 
were standing at 
the time of the 
collapse.

KutaiKartanegara Bridge

Replacement arch bridge opened in 2015

60

Eggner Ferry 
Bridge over the Ten-
nessee River

Between Trigg County, Ken-
tucky and Marshall County, 
Kentucky

United States 27 January 
2012 Truss bridge

The MV Delta Mari-
ner struck the bottom 
portion of a span of 
the bridge when trav-
elling in the incorrect 
channel of the river.

0 Killed, 0 
Injured

Span over the 
r e c r e a t i o n a l 
channel of the 
river collapsed.

Emergency repairs to bridge completed on May 25, 
2012. There were preexisting plans before the collapse 
to replace the bridge with a 4-lane bridge over the river.

61 Jernbanebroen over 
Limfjorden Aalborg Denmark 28 March 

2012 steel beam, openable Ship collision none M e c h a n i c a l 
damage

All rail traffic cancelled for over a year, no alternative 
route

62 Beaver River Trestle 
Bridge Alberta Canada 22 June 

2012
wood, concrete, met-
al trestle.

Three men set the 
bridge on fire.[55] none

Bridge badly 
damaged and 
closed.

Bridge did not carry rail traffic anymore, and carried pe-
destrians, part of the Iron Horse Trail. Another small fire 
was set in 2015. Bridge is being rebuilt.

63

Y a n g m i n g t a n 
Bridge over the Son-
ghua River

Harbin China 24 August 
2012 Suspension bridge

Overloading; usage 
of unsuitable building 
material (suspected)

3 Killed, 5 
Injured

100-metre sec-
tion of a ramp 
of the eight-lane 
bridge dropped 
100 feet to the 
ground.

Main bridge reopened on the same day, ramp still de-
funct.

64 Bridge under con-
struction for road E6 
at Lade/Leangen

Trondheim Norway 8 May 2013 Bridge collapsed un-
der construction 2 killed

65

I-5 Skagit River 
Bridge collapse Mount Vernon, Washington United States 23 May 

2013
Polygonal Warren 
through truss bridge

Oversized semi-truck 
load carrying drilling 
equipment from Al-
berta clipped top steel 
girder causing bridge 
collapse.

0 Killed, 3 
Injured

One 167 foot 
span collapsed.

Truss bridges like this one require both the top and the 
bottom to remain equal in strength and solidity. When 
the truck hit the top girder, or girders, this caused the 
pressure/squeeze system to fail, which made the bridge 
fold up. The design was outdated; more modern types 
of truss can better withstand such forces.



66

Scott City roadway 
bridge collapse Scott City, Missouri United States 25 May 

2013 Concrete road bridge

A Union Pacific train 
T-boned a Burlington 
Northern Santa Fe 
train outside of Scott 
City, Missouri at ap-
proximately 2:30 am. 
The impact caused 
numerous rail cars to 
hit a support pillar of 
a highway overpass, 
collapsing two sec-
tions of the bridge 
onto the rail line. Two 
cars ended up driving 
onto the collapsed 
sections, injuring 
three people in one 
vehicle and two in the 
other. Two people on 
one of the trains were 
also injured.

7 injured

Two roadway 
bridge sections 
collapsed onto 
the rail line be-
low.

67

Wan up train bridge Sudbury, Ontario Canada 2 June 2013 Steel bridge

Train trestle over 
the Wanapitei Riv-
er near Sudbury, On-
tario was struck by 
derailed railcar

0 killed, 0 
injured

Total bridge col-
lapse

CP trains temporarily diverted over CN track. Bridge re-
constructed with new pier in 9 days.

68
CPR Bonny brook 
Bridge Calgary, Alberta Canada 27 June 

2013 Steel railroad bridge

Partial pier collapse 
due to scouring from 
flood event of the 
Bow River

0 killed, 0 
injured

Partial bridge 
collapse

See: http://www.cbc.ca/news/canada/edmonton/
story/2013/06/27/calgary-flood-train-derailment-bon-
nybrook-bridge.html

69

Acaraguá bridge col-
lapse Oberá, Misiones Argentina 12 April 

2014 Concrete road bridge

The total collapse of 
a road bridge over 
the Acaraguá river, 
when a passenger 
bus circulated, caused 
three dead and thirty 
wounded.

3 Killed, 30 
injured

Total bridge col-
lapse

70

Belo Horizonte 
overpass collapse Belo Horizonte, Brazil Brazil 3 July 2014

Steel and con-
crete bridge 
Part of improvements 
for the 2014 FIFA 
World Cup

Construction error 2 killed, 22 
injured

Total bridge col-
lapse Bridge collapsed while under construction

71 Motorway bridge 
collapse during con-
struction

Copenhagen, Denmark Denmark 27 Septem-
ber 2014

Steel and concrete 
bridge Construction error

Workers re-
ceived mild 
injuries

Partial bridge 
collapse

Bridge collapsed during concrete casting, closing ma-
jor motorway E47 for several days. The remains of the 
bridge were subsequently demolished and a replace-
ment built elsewhere.

72
Hopple Street 
Overpass over I-75 
Southbound

Cincinnati, Ohio United States 19 January 
2015 Road bridge

Old Northbound Hop-
ple Street offramp 
totally collapsed onto 
roadway below during 
demolition

1 killed, 0 
injured

Total bridge col-
lapse

Bridge collapsed prematurely due to a faulty demolition 
process



73
Plaka Bridge Plaka-Raftaneon, Epirus Greece 1 February 

2015 Stone bridge
Flash flood ripped 
foundations from the 
riverbanks

0 killed, 0 
injured

Central section 
of the bridge 
collapsed

74

Skjeggestad Bridge Holmestrand Norway 2 February 
2015 Prestressed concrete Partial pier displace-

ment due to landslide.
0 killed, 0 
injured

Partial bridge 
collapse of 
South bound 
span

The Skjeggestad Bridge after collapse.

One Pier pushed askew due to landslide in quick clay af-
fected area. Underlying reason to be determined. 
Northbound span shut down precautionary. Damaged 
section removed by controlled demolition and rebuilt.

75

Pennsy Bridge Ridgway, Pennsylvania United States 18 June 
2015

Cast-in-place con-
crete rigid frame

Partial collapse during 
demolition.

0 killed, 3 
injured

Partial bridge 
collapse of 
North half of 
span

76

I-10 Bridge Southern California United States 20 July 2015

Abutment displace-
ment due to stream 
meander, which 
caused abutment 
scour.

0 killed, 1 
injured

Partial bridge 
collapse of span

77 Queen Juliana 
Bridge (Alphen aan 
den Rijn)

Alphen aan den Rijn Netherlands 3 August 
2015 Steel bascule bridge Crane collapse during 

lift of bridge span.
0 killed, 0 
injured

Bridge span 
crashed into 
buildings.[63]

78

Bob White Covered 
Bridge Patrick County, Virginia United States 29 Septem-

ber 2015
Covered timber 
bridge

Destruction due to 
major flooding

0 killed, 0 
injured

Bridge collapsed 
and washed 
away during 
flooding caused 
by severe rain-
storm.



79

Tadcaster Bridge North Yorkshire England 29 Decem-
ber 2015

300 year old Stone 
Bridge Grade II Listed 
on 12 July 1985

Partial Collapse due 
to flood damage, also 
causing substantial 
gas leak

No Injuries 
as bridge 
had been 
closed for 
2 days as a 
precaution-
ary measure

North East side 
of bridge col-
lapsed sever-
ing connections 
between the 
two sides of the 
town

View of the bridge on the following day

80

Nipigon River Bridge Ontario Canada 10 January 
2016

Cable-stayed bridge 
carrying the Trans-
Canada Highway.

Bolts holding together 
a section of the bridge 
snapped, due to de-
sign and construction 
errors.

No injuries 
were re-
ported

West side of 
bridge sepa-
rated from abut-
ment causing a 
60 cm separa-
tion of grade

Newly constructed bridge failed after only 42 days of 
use. The bridge failure severed the only road link be-
tween Eastern and Western Canada. The only detour 
is more than 1,600 km around Lake Superior through 
the United States.

81

Vivekananda Fly-
over Bridge Kolkata India 31 March 

2016
Steel girder flyover 
bridge

Bolts holding together 
a section of the bridge 
snapped.[67] Reason 
for bolt failure re-
mains unknown.

27 killed, 
80+ injured

Fly over on Vi-
vekananda Road 
Kolkata

Newly constructed bridge failed when construction on 
progress collapsed.

82

Railway bridge Tolten River Chile 19 August 
2016

Suspension bridge 
with steel deck truss.

Cause undeter-
mined—happened 
as freight train was 
crossing the bridge

0 killed, 0 
injured Partial collapse 3 spans collapsed into river on 118-year-old bridge 

83 Nzi River Bridge near Dimbokro Ivory Coast 6 Septem-
ber 2016 Steel railway bridge While train crossing 0 Injured One span of 1910 bridge collapsed.

84

Yellow ‘Love’ Bridge Klungkung Regency Indonesia 16 October 
2016

Wooden suspension 
bridge

Snapped sling due to 
overloading

9 killed, 30 
injured

Whole bridge 
plunged onto 
river below

Slings snapped while 70 people were on the bridge dur-
ing Nyepi celebration in Bali. Authorities stated that 
the sling cables that snapped could have been caused 
by overloading. Most witnesses stated that before the 
collapse, the bridge had swayed and shook for several 
times.

85

Lecco overpass Province of Lecco Italy 28 October 
2016

Concrete girder over-
pass.

Cause undeter-
mined—happened as 
108 tonne truck was 
crossing the bridge

1 killed, 5 
injured

Centre span 
collapsed onto 
roadway be-
low[73]

Allegations have been made that the maintenance com-
pany, ANAS, had requested that the bridge be closed 
before the collapse and that the request was denied by 
Lecco, pending documentation.
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The recent failure of the bridge that occurred in August 
2016. That bridge was on Savitri River in Konkan region 
at Mahad on the Mumbai-Goa Highway.  About 20 
people were missing after two buses plunged into a 
river following the collapse of an around 100-year-old 
bridge on one of India’s busiest roads. 

Rehabilitation covers the major work required to 
restore the structural integrity of bridge as well as 
work necessary to correct major safety defects. The 
detailing or solutions of the rehabilitation are required 
to be worked out after minute study of the failures of 
that component. The restoration of the said structure 
is required to be carried out as per plan or solutions 
given by the expert. 

There are two methods for rehabilitation of bridges 
viz.conventional repair methods & advanced repair 
methods. The method can be selected as per the 
importance of the structure and economy of that 
method. In advanced repair methods use of modern 
construction materials, recyclable materials, fibre 
reinforced polymer (FRP), advancement in concrete 
technology & steel material technology, accelerated 
bridge construction technology, prefabrication 
technology etc. are used. 

Innovative designs approach:

 There are various innovative design approaches 
used in various parts of the world and explores 
concepts in design construction and maintenance that 
will reduce the project costs and increase structural 
safety and durability. There are different solutions 
recently developed in France to use prefabricated slab 
elements for composite bridges in order to reduce 
tensile stress areas and to limit concrete crack under 
permanent loads. 

 The new process called “Accelerated bridge 
construction”or “ABC” for building highway overpasses 
and other bridge structures and explains what we think 
is a great new process that improves vastly on the old 
for several reasons. First it allows traffic to continue 
to flow while the building process, which takes up the 
majority of the time of construction, is in progress. This 
alone is immensely practical solution to the tedious 
detours associated with most other jobs of this type. 

 Slide - In Bridge Construction (SIBC) allows for 
construction of a new bridge while maintaining traffic 
on the existing bridge while maintaining traffic on the 
existing bridge. The new superstructure is built on 
temporary supports adjacent to the existing bridge. 
Once construction is complete, the road is closed; the 
existing bridge structure is demolished or slide to a 
staging area for demolition and the new bridge slide 
into its final, permanent location. Once in place, the 
roadway approach tie-ins to the bridge are constructed. 
The replacement time ranges from overnight to a week 
several weeks. This offers a cost effective technique 
to rapidly replace an existing bridge while reducing 
impacts to mobility & safety.

 The material used in construction of bridges 
i.e. Ultra High Performance Concrete (UHPC) is a very 
young material, albeit has been researched for over 30 
years and in development for approximately 20 years. 
This family of concrete requires new test method. That 
addresses the materials superior characteristics where 
conventional concrete testing methods may not be 
sufficient. There is a need for standards organisations 
to more rapidly address the growing demand for 
standardised testing of new technologies. Introducing 
Innovative Break -through technologies requires a 
patient & persistent approach. 

Conclusion:

 The design of bridges should satisfy the day 
today need of the users. The design criteria and the 
provisions should be as per latest technology. Planning 
& execution is major area of concern. Bad planning 
& bad execution decisions will ultimately lead to bad 
results. That can be avoided by using apt solutions 
and proper monitoring system. There is a need 
for continues inspection through structural health 
monitoring. All the man hours for bridge inspections 
may not be usefully spent if the bridge management 
system in effect has not prevented failures. It is 
therefore important to examine the recurring lapses in 
our inspection methods, structural health monitoring 
and advance warning systems. The coordinated 
efforts of professionals, Engineers and Students can 
help in giving economical, durable, most efficient and 
innovative solutions for bridges to be in built-in and to 
maintain it to the utmost safety standards throughout 
its life span. 
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Technology of Bleaching
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E-mail: ombiotech25@gmail.com

SYNOPSIS:  
 
After the removal of waxes and other hydrophobic 
type of impurities from grey fabric by the desizing 
and scouring the fabric is now more in absorbent 
state. But still they have pale appearance due to the 
presence of natural colouring material like pigment 
etc., these pigment cannot be   removed.The only 
way to tackle these pigment is to decolourisethem 
using suitable oxidising agents. This will make 
the fabric in a super white form. This process 
of decolouration of natural pigments is called 
bleaching. 
     
INTRODUCTION :
              
After desizing and scouring most of the textile 
fabrics especially the natural ones, retain   slight 
coloration. The source of the colour may be:  

• Flavone pigment in case of cotton 
• Soil and dirt acquired from atmosphere 
• Contact with plant parts and seeds etc. 
• Colour acquired during mechanical processing 

e.g., grease, oil etc.
         
The objective of bleaching is to destroy this natural 
or acquired colour to bring the textiles in a white 
state. This may be necessary when:  

• The fabric has to be supplied in white colour 
• It needs to be dyed in pastel shades 
• It needs to be printed
 
If the fabric is to be dyed in dark shades, then 
bleaching becomes an optional process.Incase of 
cotton, the motes or the seed coat fragments are 
visible on woven or knitted fabrics after scouring. 
These appear as specks of brown or black colours 
on fabricsurface. The colour of these motes is also 

destroyed by bleaching .
 
Dyeing of unbleached fabric in pastel shades 
might mask the brightness of applied colour. Many 
times these bleached fabrics are given treatment 
with Optical brightening agents to confer extra 
whiteness. Bleaching also removes residual 
impurities left by other pre-treatment processes 
like desizing, scouring etc. In that sense, the 
absorbency of a cotton fabric may increase after 
bleaching.
                        
Although reductive bleaching has been used in 
past to bleach wool and silk, today almost all textile 
material are bleached by oxidative  agents.
                              
Broadly speaking, bleaching agents can be classified 
as:
                              
Oxidative bleaching agents and reductive 
bleaching agents 
 
Oxidative bleaching agents can be further divided 
into
 
Peroxy compounds and Chlorine based compounds
 
Examples of Peroxy 
Compounds

Examples of Chlorine 
Based Compounds

Hydrogren Peroxide Bleaching Powd
Sodium Hypochlorite Sodium Hypochlorite
Sodium perborate Lithium Hypochlorite
Potassium 
Permanganate

Sodium Chlorite 

Peracetic Acid 

                                     
 
Examples of reductive bleaching agents



33The Exponent Group of Journals For General Engineering, Volume 5, Number 1, Dec 2016 - Feb 2017

 
• Sulphur dioxide 
• Sodium hydrosulphite 
• Sulphoxylates 
• Acidic sodium sulphite 
• Sodium bisulphites

The main bleaching agents are:
 
• Sodium hypochlorite (NaOCl) 
• Sodium Chlorite (NaClO2) 
• Hydrogen peroxide (H2O2)
                  
The use of oxidative bleaching dates back to the end 
of eighteenth century, when solid bleaching powder 
(based on chlorine) was used for bleaching of 
cellulosic textiles. The discovery of peroxide bleaching 
in 1925 has gradually resulted in replacement of 
other bleaching processes with peroxide/peroxygen 
based bleaches. Out of the main bleaching agents 
mentioned above, H2O2 has virtually replaced 
chlorine based bleaching. It must be mentioned here 
that hypochlorite and chlorite based bleaching is 
still prevalent in some developing countries to some 
extent.

 
 
 
Bleaching with sodium Hypochlorite (NaOCl): 

NaOCl is sodium salt of Hypochlorus acid (HOCl). It 
can be prepared by passing chlorine gas in a solution 
of NaOH or by electrolysis of NaCl solution (aqueous). 
Sodium hypochlorite is a strong oxidising agent, with 
a redox potential of 1400-1550 mV. Cl2 acts as an 
oxidising agent in presence of water (moisture) only. 
Dry chlorine gas does not have oxidising power.
                                                       
Cl2 + H2O →HCl +HOCl
 
HOCl →HCl + [O] ↑
Formation of HOCl is important as it provides the 
nascent oxygen molecule responsible for oxidation 

(bleaching). NaOCl solution in water undergoes the 
following reaction:
 
NaOCl + H2O →NaOH + HOCl
 
HOCl is a weak acid. Aqueous NaOH solution has a pH 
of 11-11.5 due to the presence of strong NaOH.
 
Bleaching occurs due to the following reaction:
 
HOCl →HCl + [O] ↑
            
In acidic medium, the consumption of hypochlorite 
is very fast and can lead to cellulose degradation by 
oxidation. The reaction is given below:
 
NaOCl + HCl → NaCl + HOCl
 
HOCl + HCl → H2O + Cl2

Bleaching of cellulosic fibres with NaOCl: Influence 
of process parameters
           
The conditions like concentration, pH, timeetc 
influence bleaching process in a major way. Generally, 
cotton is bleached with NaOCl solution containing 
1-3 gpl available chlorine at room temperature in the 
pH range 9.5-11.
 
Available Chlorine or active chlorine is a unit of 
concentration used for hypochlorite -based  bleaches. 
One gram of 100% active chlorine bleach has the 
same bleaching power as one gram of chlorine. It is 
based on the assumption that hypochlorite ions can 
liberate equivalent amount of iodine by oxidation 
from a potassium iodide solution. The amount of 
iodine liberated is measured indirectly by titration. 
Since the same amount of iodine can also be liberated 
by equivalent amount of Cl2 gas, the term available 
chorine has become popular. In that sense, available 
chlorine is a measure of active oxidizing matter in the 
bleach solution. It is important to determine active 
or available chlorine in a bleach solution, since the 
bleach may also contain some fraction of chloride 
ions (a by-product of bleach decomposition) which 
has no bleaching power. Only hypochlorite ions have 
bleaching (and oxidizing power to liberate I2 and 
cause bleaching).
 
Liquid bleaches sold for domestic use are typically 
3–10% active chlorine, and should be diluted to 1–2% 
active chlorine before use. Commercial domestic 
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bleaching powder is typically about 40% active 
chlorine.
                 
Effect of Ph
                      
The concentration of different chemical species in 
bleach bath depends on pH. The figure given below 
shows a graph where relative change in different 
types of chemical entities with pH change is shown.

 
Figure : Effect of pH on relative fraction of different 
chemical entities in hypochlorite bleach bath 

This plot can be divided in three distinct zones:
In acidic region (upto pH-5) the sodium hypochlorite 
hydrolyzes to form free hypochlorous (HOCl) acid. At 
lower pH values hypochlorous acid decomposes and 
the chlorine gas is liberated which has no bleaching 
action. The fraction of free hypochlorous (HOCl) acid 
increases as the pH increases and at pH 5, almost all 
the hypochite exists as free hypochlorous acid.
 
At pH-7-7.5, both hypochlorous acid and hypochrorite 
ions are present in almost same concentrations.
 
In the pH range 9-11.5, most of the hypochlorite is 
present in the form of OCl− ions and not as free acid. 
From the figure above it is clear that consumption 
of available chlorine is quite low and oxidation of 
coloured impurities is rather slow. This has less 
adverse impact on cotton fibre itself and hence is 
known as the practical bleaching range for natural 
cotton fibres.
 
In the figure below, rate of consumption of available 
chlorine resulting in cellulose oxidation from the 
bleach bath is plotted against pH.
 

 
Figure Rate of oxidation of cellulose in terms of the 
consumption of half the total available chlorine.
 
It can be easily seen that rate of oxidation at around 
pH 7 is the highest. This means cotton can degrade as 
the rate of consumption of available chlorine is quite 
high. Hence pH-7 is an unsafe zone for bleaching.

The table 1 shown below also quite clearly shows the 
fraction of HOCl with change in pH.It is evident that 
between pH 5 to 10, there is a drastic change in the 
concentration of free acid.
 
Table 1 Change in free acid change in pH 

pH Fraction of hypochlorite 
as HOCl

10.0 0.003
9.0 0.03
8.0 0.21
7.43 0.50
7.0 0.73
6.5 0.91
6.0 0.96
5.0 0.997

 
The degradation occurring to cotton is measured 
in terms of cupra ammonium fluidity. In the figure 
below, one can see the degradation of cotton with 
increasing pH. It is easy to see that the maximum 
degradation is occurring near pH-7 region, the same 
region where the rate of consumption of available 
chlorine was the highest. If compared with above 
figure it looks almost reverse of that. Hence on can 
surmise that bleaching with hypochlorite in the 
neutral pH range (6-8) is dangerous for cellulosic 
fibres
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Figure 3 Cupra-ammonium fluidity of cotton with 
change in pH
 
Therefore, the best conditions for bleaching are:
pH 6-7 (bleaching time 1 min.)
 
However it is very difficult to control such short time. 
(can lead to cotton degradation)
      
So practical bleaching conditions are:
 
pH 9-11.5 
 
At pH 9 ------------- time to bleach - 45 min
 
At pH 11.5 ---------- time approximately 4 hrs.
 
Temperature --------- Room temperature
 
Concentration -------- 2-3 gpl available chlorine
 
Commercial solutions of NaOCl are available as 40% 
(~ 400 gpl) solutions.
 
Bleaching With Sodium Hypochlorite
 
The advantages of using Sodium hypochlorite as a 
bleaching agent are:
 
• It is economical 
• Risk of catalytic damage is low (this is a problem 

with H2O2 bleaching) 
• Since it is a room temperature process, the 

energy costs are low 
• However, use of NaOCl is associated with certain 

disadvantagesdue to which its use is on the wane. 
These are:
 
• Fibre damage can take place if temperature and 

pH are not controlled. 
• It results in formation of AOX. 

• Bleached material can turn yellow on storage 
• Can degrade many dyes and FBAs (simultaneous 

dying and bleaching or bleaching and FBA 
treatment is not possible) 

• It cannot be used for bleaching of synthetic or 
protein fibres.

• It does not produce a very satisfactory white.
 
The residual hypochlorite needs to be removed from 
the fibres after bleaching, as it may damage the fibres 
due to lowering of pH on storage (by absorption of 
CO2 gas from the atmosphere).
 
The residual hypochlorite, also termed as residual 
chlorine is removed by treatment with a reducing 
agent. This is done by treating the bleached and rinsed 
fabric with 2-2.5% of a reducing agent for 15 mins 
at 40 °C. Sodium Sulphite, bisulphite, hydrosulphite, 
thiosulphate may be used. The treatment is also 
known as antichlor treatment.
 

 
Bleaching with NaClO2 (sodium chlorite)
 
• Sodium chlorite is another Chlorine containing 

oxidising bleaching agent. It remains stable at 
high pH and has to be activated with acids or 
acid liberating agents to bring down the pH when 
bleaching takes place. 

• The bleaching species in Sodium chlorite is 
ClO2 gas which is liberated at pH below 6. The 
equations below show the decomposition of 
chlorite into ClO2 gas and other components 

• These acid generators (activators) include Sodium 
Chloroacetate, Triethanol Amine, Ammonium 
Persulphate etc. 

• Active chlorine values are usually determined by 
adding an excess of potassium iodide  to a sample 
of bleach solution and  titrating  the  iodine  
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liberated with standard  sodium thiosulfate  
solution. 

• Acids like formic acetic, phosphoric acids may be 
used to bring the pH down. Other alternatives 
are esters like ethyl lactate or diethyl tartarate 
which hydrolyse to give lactic and tartaric acid 
respectively. 

• The figure shown below shows the composition 
of Sodium Chlorite solution with changing pH. 
Time – 1-2 hr

 

 
Figure Effect of pH on the composition of sodium 
chlorite liquors.
 
NaClO2 is stabilized at higher pH.
                   
As can be seen in the figure above, with reducing pH 
chlorite ions start forming chlorous acid (HClO2). This 
is a weak acid and remains un-dissociated at strong 
acidic conditions. However, below pH 6, it starts 
forming ClO2 which is a corrosive and toxic gas and is 
supposed to be responsible for bleaching. Formation 
of excessive ClO2 gas may result in wastage of the 
bleaching agent and may also damage the substrate.
      
At pH 1-2, the rate of bleaching and the evolution 
of ClO2 gas is very rapid. Hence a balance is struck 
between the liberation, the evolution of ClO2 and 
the rate of bleaching by adjusting the pH in the range 
of 3.5-4. This is done with acetic or formic acid and 
buffered with Sodium dihydrogen phosphate.
Use of NaClO2 also results in formation of AOX but it is 
about only 1/10th of that generated by hypochlorite. 

In the figure below, rate of consumption of available 
chlorine resulting in cellulose oxidation from the 
bleach bath is plotted against pH.
 
Salient features of NaClO2:

       
Redox potential – 1040-1200 Mv
 
Bleaching temperature – 70-90 °C
       
Suitable pH for bleaching – 3-4.5(4+-0.2)
       
Problem of Corrosion with NaClO2 Bleaching:
      
The CO2 gas released during bleaching has the 
tendency to corrode most of the equipment used 
in the construction of bleaching equipment. The 
following approached are used to minimize the 
corrosion of bleaching equipment:
 
• Use of corrosion resistant materials like Stainless 

Steel with 2.5% Molybdenum. Titanium can be 
used as the material of construction but it is 
very costly. The other option is to have normal 
stainless steel vessels lined with Ti, glass or 
ceramics. Glass fiber reinforced plastic can also be 
used as a choice for corrosion resistant material 
of construction. 

• Use of ClO2 scavenging chemicals. These 
chemicals scavenge and bind the liberated ClO2 
and suppress the corrosion of construction 
materials. These are (NH4)H2PO4, sodium and 
ammonium nitrate, nitric acid, melamine, urea 
etc.Use of chlorite stable surfactants. The foam 
of the surfactant can trap the ClO2 gas formed 
and prevent it from coming in contact with the 
walls of the equipment.

 
Effect of Process Parameters on Bleaching
 
Effect of Temperature:

NaClO2 is a fibre gentle bleaching agent. It does not 
affect cellulose adversely even if bleached at high 
temperature (100 °C) for several hours.
 
At boil, the bleaching time is a few hours (1-4).
 
However, bleaching at ambient temperature may 
require overnight batching.
The rate of bleaching rate double for every 10 °C rise 
in the process.
 
Advantages and Disadvantages of Chlorine 
Bleaching :
 
• It can be used for both cotton and synthetic 
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fibres. Since it works in acidic conditions, it is 
better suited to bleach synthetic fibres which are 
susceptible to alkaline pH. 

• Since it is used in acidic conditions, hardness 
of water does not impair the process (low ash 
content) . 

• Leaves material soft. Hence it can be preferred 
for knitted fabrics. 

• It can give good white colour with excellent mote 
removal even without kier boiling. 

• It causes very little or no cellulose degradation. 
• It is insensitive to the presence of metal ions.
 
Disadvantages :
 
• More expensive than NaOCl or H2O2. 
• It cannot be used to bleach silk and wool (pink 

coloration ). 
• ClO2 can corrode the metals used in construction 

of processing vessels. 
• ClO2 is also a toxic gas, so care should be taken in 

handling the bleaching process. 
• Since in works at acidic pH, wax removal is not 

very satisfactory.
 
Antichlor Treatment
 
Antichlor treatment is given with Sodium 
thiosulphate or Oxalic acid 85-95 °C for goods to be 
dyed subsequently.
 
For white goods, an FBA or softening treatment may 
be given at pH 6-7. 

 
Bleaching with H2O2 (hydrogen peroxide)
 
H2O2 is gradually replacing other oxidative bleaching 
processes. The reasons for its dominance are:

 
1. Since it’s by products are only water and oxygen, 

it is an eco-friendly agent. 
2. It is a versatile and universal bleaching agent. It 

can be used at almost any temperature, in batch 
or continuous processes for almost all the fibres.

 
H2O2 is supplied as concentrated transparent 
solutions in dark bottles. It is quite stable in acidic pH 
and can decompose in presence of alkalis or UV light.
 
Mechanism
 
H2O2 → H+ + HO2–
HO2– → HO– + [O]
 
Perhydroxyl ion (HO2–) is the bleaching agent. Its 
redox potential is 810- 840 mV.
 
For bleaching to take place, the stabilized H2O2 
needs to be activated with alkalis. In alkaline medium 
H2O2decomposes as per the following reaction:
 
H2O2 + OH– → OOH– + H2O
 
The perhydroxy ions formed in the reaction are 
the actual bleaching agents which decompose to 
provide nascent Oxygen (O) which oxidizes organic 
compounds including colouring matter.
 
Above pH 10.8, the formation of HO2– ions is so 
rapid that it decomposes to liberate O2 gas which has 
no bleaching power. The raid rate of formation can 
also degrade cotton. Hence pH in H2O2 bleaching is 
maintained between 10.5-10.8.
 
Auxiliaries Used In H2O2 Bleaching
 
• Activator
• Stabilizer
• Sequestering agents

Activators:
 
Commercially available H2O2 is stabilized at acidic 
pH.For it to act as an oxidizing beaching agent, the 
pH of H2O2 solution must be increased to basic 
range with the help of an alkali. The most commonly 
used alkali used in raising the pH of the bleach bath 
is sodium hydroxide (NaOH).
 
Stabilizers:
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The stabilizers are added to regulate the perhydroxyl 
ions to prevent rapid decomposition of bleach bath 
and fibre damage. These may act by: 

• Buffering action 
• Sequestering of heavy transition metal ions 
• Complexing with perhydroxy ions dispersing 

action
  
The most popular stabilizer used in H2O2 bleaching 
is Sodium Silicate. It is easily available, economical 
and effective. The preferred ratio of Na2O and 
SiO2 in silicates is 1:1. The silicate is supposed to 
provide stabilization by formation of a complex 
with perhydroxyl ions which are released slowly at 
elevated temperature. The silicate also provides a 
buffering action and its solution is colloidal in nature.
 
The stabilizing action of silicates is improved by Ca or 
Mg ions and hence water of hardness       between 
2-5° is recommended.
 
It is difficult to maintain the colloidal form of silicates 
in the industrial processes, deposition of silicates on 
goods as well as equipment interior walls takes place. 
The deposition produces a harsh feel on the goods.
 
Deposition on the equipment surface makes it 
abrasive. A thorough rinsing of goods can be helpful 
in removal of harshness on the fabric.
 
Sequestering Agents
 
It has been shown earlier that in the presence of 
alkalis, H2O2 undergoes heterolytic fission resulting 
in formation of perhydroxyl ion. However, presence of 
transition metals or UV light causes H2O2 to undergo 
homolytic fission to two hydroxyl radicals (OH•). 
The metal actions can have a catalytic effect on the 
decomposition of H2O2. The rate of decomposition 
may be so high that cellulose is attacked and 
oxycellulose formed. The oxycellulose thus formed 
results in poor mechanical properties. In extreme 
case, holes may form on the substrate due to severe 
localized action.
 
To minimize the harmful effects of metal cations, 
sequestering agents are often used. These are 
compounds which sequester the metal cations, 
rendering them harmless. Some examples are:
 

• Poly phophonates 
• Poly hydroxyl carboxylic acids 
• Amino poly carboxylic acids 
• Phosphonic acids 
• Poly acrylic acids

The most common sequestering agents are di-
ethylene tri-amine penta acetic acid (DTPA) and 
ethylene di-amine tetra acetic acid (EDTA) as sodium 
or magnesium salts. 

DTPA (Di-Ethylene Tri-Amine Penta Acetic Acid)

 
EDTA (Ethylene Di-Amine Tetra Acetic Acid)

The sequestering agents prevent the metal ions 
from catalytically decomposing peroxide solutions 
by chelating them. The complexes formed may be 
complicated 3 dimensional structures involving water 
of salvation molecules. Generally these metal ions are 
held by five membered rings and one sequestering 
agent molecule may interact with one metal ion. A 
simplified representation of 3-D structure of the 
complex is shown below: 
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Figure : Simplified representation of EDTA-metal 
complex

Effect of Process parameters:
 
Effect of pH:
 
In acidic pH, H2O2 is stable, hence very little bleaching 
takes place. Since NaOH is a strong alkali, it is difficult 
to plot variation of bleaching efficiency as a function 
of time. However, concentration of alkali does have 
an effect on whiteness which is shown in the figure 
below.
 

 
Figure : Change in reflectance of bleached cotton 
fabric with increasing NaOH concentration in bleach 
bath

Effect of temperature:
 
In practice, the bleaching of cotton is carried out at 
or around boil (90-100 °C). However, rapid bleaching 
is possible in pressurized equipment at 120 °C. 
Bleaching at low temperature (~80 °C) will result in 
concomitant increase in process time.

Advantages of Peroxide bleaching :
 
• It is a universal bleaching agent. It can be used 

for bleaching of natural, synthetic and blended 
fibres. 

• It is possible to combine scouring and bleaching. 
• No antichlor treatment is required. 
• It is noncorrosive and does not produce 

unpleasant odour. 
• No AOX problem, no harmful by-products. 
• Residual size and wax removal continuous 

through bleaching; results in improved absorbing 
and TEGEWA rating.

 
Disadvantages :
 
• Use of silicates as stabilizers has a risk of silica 

stain formation on goods and silica deposits 
forming on plant machinery 

• Catalytic damage to cotton can occur in presence 
of transition metal cations. 

• Not very effective for synthetic fibres.

Assessment of bleaching efficiency
 
Since the main objective of bleaching is to transform 
textile goods into high, uniform whiteness, the most 
important assessment of textile goods is assessment 
of whiteness. This is done by:
Comparing the sample against a standard which can 
be magnesium oxide or barium sulphate
 
The standard has 100% reflectance at all wavelengths. 
For bleached samples the reflectance at 460 nm 
(blue region) is measured. Unbleached cotton shows 
a reflectance of 55% which increases to 83-85% on 
bleaching.
 
CONCLUSION:
               
Bleaching is chemical treatment employed for 
the removal of natural colouring matter from the 
substrate. The source of natural colour is organic 
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compounds with conjugated double bonds , by doing chemical bleaching the discoloration takes place by the 
breaking the chromophore , most likely destroying the one or more double bonds with in this conjugated 
system. The material appears white after the bleaching.
 
Natural fibres, i.e. cotton, wool, linen etc. are off-white in colour due to colour bodies present in the fibre. The 
degree of off-whiteness varies from batch-to-batch. Bleaching therefore can be defined as the destruction 
of these colour bodies. White is also an important market colour so the whitest white has commercial value. 
Yellow is a component of derived shades. For example, when yellow is mixed with blue, the shade turns 
green. A consistent white base fabric has real value when dyeing light to medium shades because it is much 
easier to reproduce shade matches on a consistent white background than on one that varies in amount of 
yellow. 
 
Bleaching may be the only preparatory process or it may be used in conjunction with other treatments, 
e.g. desizing, scouring and mercerizing. The combination of such treatments for an individual situation will 
depend on the rigorousness of the preparation standard and economic factors within the various options. 
Other chemicals will be used in addition to the bleaching agent. These serve various functions such as to 
activate the bleaching system, to stabilize or control the rate of activation, to give wetting and detergent 
action, or to sequester metallic impurities. This section gives consideration to the selection of bleaching 
agents and to the role of the various chemicals used in conjunction. The purpose of bleaching is to remove 
coloured impurities from the fibre and increase the whiteness level of fabric. 
 
REFERENCES:
 
• Technology of Textile Processing : V.A. Shenai. 
• www.google.com

 



41The Exponent Group of Journals For General Engineering, Volume 5, Number 1, Dec 2016 - Feb 2017

Design of Shell and Tube Heat 
Exchanger 
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INTRODUCTION-
 
A heat exchanger is a device , which is used for 
transferring heat from one fluid     to another through 
a separating wall .These can be classified according to 
the process of heat transfer , mechanical construction 
and principal material of construction. Among the 
various types of heat exchangers  discussed in earlier 
issue, we will now study , the shell & tube type of 
heat exchangers in details. 
 
DESIGN OF SHELL AND TUBE HEAT EXCHANGERS
 
Due to the wide usage,their design & construction 
features are standardised.A number of codes such 
as Indian Standard-4503,Standards of Tubular 
Manufacturers Association (TEMA),BS-3274,specify 
the design procedure & details of construction. It is 
expected that the designs of the heat exchanger will 
satisfy the code requirements.
 
A number of chemical & allied industries used heat 
exchangers, which are not designed strictly to any 
specific codes. In certain cases the application of code 
for Unfired Pressure Vessels(IS-2825),is considered 
satisfactory when operating condition do not pose 
any special problems.Calculations based on this 
code usually give lesser values &,therefore, are more 
economical. In effect the mechanical requirements 
laid down by standard codes on heat exchangers are 
far more rigid than those laid down in IS-2825.
 
In this article we will study the various arrangements 
of Shell and tube type heat exchangers.

1. FLUID FLOW ARRANGEMENT
 
One of the methods of classification of heat 
exchangers is on the basis of the configuration of the 
fluid flow paths through the heat exchangers. The 

four most common types of flow paths are: 

• Co-current or parallel flow units, where the two 
fluid streams enter together at one end, flow 
through in the same direction & leave together 
at the other end. 

• Counter current or counter flow units in which the 
two fluid streams move in opposite directions. 

• Single path cross flow units in which one fluid 
moves through the heat exchangers matrix at 
right angles to the flow path of the other fluid.  

• Multi-pass cross flow units in which fluid stream 
shuffles back & forth across the flow path of the 
other fluid stream usually giving a cross flow 
approximating to counter flow.

 
Refer following figures for illustration 
 

FIG NO.17. PARRALLEL FLOW HEAT EXCHANGER 
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FIG NO.. 18.  COUNTER FLOW HEAT EXCHANGER
 

FIG NO. 19. SINGLE PASS HEAT EXCHANGER

 

FIG NO.20. MULTI PASS HEAT EXCHANGER
 
2. CLASSIFICATION OF SHELL AND TUBE HEAT 

EXCHANGERS
 
These types of heat exchangers are built of a shell 
in which a number of round  tubes are mounted by 
means of tube plates. Many variations of this basic 
type are available. The difference lies mainly in 
detailed features of construction & provisions for 
differential thermal expansion between the tubes & 
shells.
 
According to the mechanical configuration these 
exchangers can be as 
  
• Fixed tube sheet 
• Outside packing floating head 

• Internal floating head 
• U-tube type 
• Reboiler (with internal floating head or U-tybe 

type)
 
The main components of the above exchanger are   

1. shell 
2. shell cover 
3. tubes 
4. tube sheet 
5. tie rods & spacers 
6. baffles 
7. channel 
8. channel cover 
9. pass partitions 
10. nozzles 
11. flanges 
12. supports.
 
1. Fixed tube sheet exchanger – This type of 

exchanger is more often used than others. The 
essential parts are a shell welded to two tube 
sheets, one each at either end which also serve 
as flanges for the attachment of the channels 
or bonnets. It is often necessary to provide 
expansion bellowers on the shell to eliminate 
excessive stresses in the shell& tubes due to 
differential thermal fluid is clean & non-fouling& 
where the temperature difference is below 950C.

 
In these exchangers the shell is always welded to 
tube sheets resulting in any gasketed or packed joints 
on the shell side. There is no possibility of 
intermixing between hot & cold side fluids through 
internal gasket failures. 
 
The tubes are straight & easily cleanable on the 
inside. However,mechanical cleaning& usual 
inspection of outside of the tubes is not possible with 
non-removable tube bundle.
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FIG NO. 21. FIXED TUBE HEAT EXCHANGER   (G.A.)

 

FIG NO. 22. FIXED TUBE HEAT EXCHANGER –
MANUFACTURED BY
 M/S. DALAL ENGINEERING.PRIVATE LIMITED.
 
2. Outside packed floating head exchangers- The 

shell of this heat exchangers is made up of two 
parts. The main shell has a flange welded at 
one end, & provision is made at the other end 
for the attachment of a short length shell piece, 
with a stuffing with a flange  to which the tube 
sheet is held by a snap ring.The channel flange 

is fixed to the tube sheet bya gasketed flanged 
joint. The second tube sheet is clamped between 
the main shell flange & the bonnet flange by 
use of gaskets on either side of the tube sheet. 
As the tubes expand the short length shell piece 
along with the channel are free to move. This 
exchanger is fairly common. It is used as vertical 
condenser with vapour inside the tubs, & is of a 
single pass type. The tube bundle is removable 
for inspection & mechanical cleaning outside the 
tubes. Only the shell side fluid is in contact with 
the gland. In general the construction is rather 
elaborate & there are restrictions  as to the use 
of high temperatures& pressures for the shell 
packing gland.  

                 

FIG NO.23.  OUT SIDE PACKED FLOATING HEAD 
EXCHANGER
 
3. Internal floating head exchanger – this 

exchanger has straight tubes fixed at both ends 
in the floating and stationary tube sheets. The 
stationary tube sheet is clamped between the 
channel and shell flanges. The floating head is 
fitted to the tube sheet at the other end and the 
floating head cover is held in position by a split 
backing ringto permit dismantling. The floating 
tube sheet is kept slightly smaller in diameter 
than the bore of the shell so as to withdraw the 
entire tube bundle from the channel end. The 
shell is closed by a bonnet on the floating head 
side. The tube sheet along with the floating head 
is free to move and take the differential thermal 
expansion between the shell and the tube 
bundle. This exchanger is widely used in chemical 
industries. It is suitable for rigorous duties 
associated with high temperatures and pressures 
and also with the dirty fluids. The tube bundle of 
the exchanger is removable for inspection and 
mechanical cleaning of the outside of tubes. The 
tubes are replaceable and can be easily cleaned 
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from inside. The exchanger is costly because of 
it’s construction with several gasketed joints.

  

FIG NO. 24. INTERNAL FLOATING HEAD HEAT 
EXCHANGER

4. U- tube type exchanger-  The tube bundle in this 
type of exchanger consists of  U-shaped tubes, 
both end of which are fixed to a single stationary 
tube sheet. The differential thermal expansion 
between the shell and the tube is absorbed by 
the U bends which can expand and contract 
freely. The number of joints reduced. 

 
The exchanger requires only one tube sheet. The 
tube bundle can be removed for cleaning of the 
outside of shell. The inside of tubes can be cleaned 
only by chemical means. Bending and replacement 
of tubes is rather difficult. However pressure and 
temperature applications where a single tube sheet 
results in considerable reduction in cost.
 

FIG NO. 25.  U TUBE TYPE HEAT EXCHANGER
 
5. Reboiler exchanger- This exchanger is either 

provided with an internal floating head 

arrangement or a U-tube arrangement. The shell 
is made of larger diameter to provide for vapour 
space, sbove the tube bundle. This exchanger is 
located at the bottom of a distillation column for 
converting the liquid at the bottom of the column 
into vapour.

 
FIG NO. 26.  REBOILER TYPE HEAT EXCHANGER

We have so far seen various arrangements of shell 
and tube type  heat exchanger. 
Having decided  the shape and type another important 
consideration is the material of construction of tubes 
and shell etc. We will study this aspect  in our next 
issue.  
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