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— About this book

This participant handbook has been designed to serve as a guide for participants who aim to obtain
the required knowledge and skills to undertake various activities in the role of a Bar Bender and Steel
Fixer. Its content has been aligned with the latest Qualification Pack (QP) prepared for the job role.
With a qualified trainer’s guidance, the participants will be equipped with the following for working
efficiently in the job role:

* Knowledge and Understanding: The relevant operational knowledge and understanding to
perform the required tasks.

e Performance Criteria: The essential skills through hands-on training to perform the required
operations to the applicable quality standards.

o Professional Skills: The Ability to make appropriate operational decisions about the field of
work.

The handbook details the relevant activities to be carried out by a Bar Bender and Steel Fixer. After
studying this handbook, job holders will be adequately skilled in carrying out their duties according
to the applicable quality standards. The handbook is aligned with the following National Occupational
Standards (NOS) detailed in the latest and approved version of Bar Bender and Steel Fixer QP:

e CON/NO0204: Read and understand routine drawings / sketches and Bar Bending Schedule
(BBS)

e« CON/NO0205: Use hand and power tools for cutting and bending of reinforcement bars
o CON/NO0206: Prepare, fabricate, place and fix reinforcement bars for RCC structures

« CON/N8001: Work effectively in a team to deliver desired results at the workplace

o CON/N8002: Plan and Organize Work to Meet Expected Outcomes

e CON/N9001: Work according to Personal Health, Safety and Environment Protocols at
Construction Site

» DGT/VSQ/N0102: Employability Skills (60 Hours)

The handbook has been divided into an appropriate number of units and sub-units based on the
content of the relevant QP. We hope it will facilitate easy and structured learning for the participants,
allowing them to obtain enhanced knowledge and skills.

— Symbols Used
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Key Learning Exercise Notes Unit Objectives Activity

Outcomes
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— Key Learning Outcomes |

At the end of this module, you will be able to:

1. Describe the role and responsibilities of a bar bender and steel fixer.
2. Define the personal attributes required in bar bending and steel fixing occupation.

3. Explain the future possible progression and career development options of a bar bender and steel

fixer.
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UNIT 1.1: Construction Industry in India

— Unit Objectives |©@

At the end of this unit, you will be able to:

e Describe the size and scope of the construction industry and its sub-sectors
e Compare urban and rural construction

e Observe and outline modernization of construction

e Know about major occupations in the construction sector

—1.1.1 Overview of Construction Sector in India

Construction industry helps in developing and enhancing economic sector as well as aids in the
development of the country. Construction activity plays an important role in country’s infrastructure
and industrial development. Construction refers to building of different structures such as hospitals,
schools, townships, offices, and houses and other buildings (including water supply, sewerage, and
drainage), highways, roads, ports, railway tracks, dams etc. If we are covering a wide spectrum,
construction activity becomes the basic input for socio-economic development.

e - h
- ) [ %b

Fig. 1.1.1 Construction Industry

The construction sector in India, following agriculture, is the second-largest employment generator,
encompassing a wide spectrum of enterprises, ranging from small and medium-sized businesses to
large corporations.

These entities engage in a myriad of projects, including infrastructure, residential, and commercial
developments, resulting in a multifaceted demand for a diverse workforce with various skills and
expertise to meet the nation’s growing construction needs.

Some examples of Infrastructure are:
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Buildings

Bridges

Dams

Power Plants

Railway Bridges




Bar Bender and Steel Fixer

Hotels

Airports

Buildings

Table 1.1.1 Various infrastructure related to Construction

Construction industry is broadly divided into two major sub-sectors:
1. Real estate & infrastructure construction; and
2. Rural construction.

Real Estate & Infrastructure Construction

The real estate sector holds significant global recognition, encompassing housing, retail, hospitality,
and commercial sub-sectors. Its growth is closely linked to the expansion of the corporate landscape
and the rising demand for office spaces, urban, and semi-urban accommodations. Among the 14 major
sectors, the construction industry ranks third, considering its direct, indirect, and induced effects on
the economy as a whole.
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In India, the real estate sector stands as the second-largest employment generator, trailing only the
agriculture sector. There is a strong expectation of increased investment from non-resident Indians
(NRIs) in both the short and long terms. Bengaluru is anticipated to be the most favored destination for
NRI property investments, followed by Ahmedabad, Pune, Chennai, Goa, Delhi, and Dehradun.

According to the Economic Times Housing Finance Summit, about three houses are built per 1,000
people per year compared with the required construction rate of five houses per 1,000 populations.
The current shortage of housing in urban areas is estimated to be ~10 million units. An additional 25
million units of affordable housing are required by 2030 to meet the growth in the country’s urban

population.

Fig. 1.1.2 Township Construction
Government Initiatives under Urban Development
Indian government has undertaken several initiatives under urban development to address the

challenges posed by rapid urbanization and to promote sustainable and inclusive growth in cities and

towns.
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Fig. 1.1.4 Building Construction Site Fig. 1.1.5 Industrial Building Construction Site

Some of the key government initiatives include:

Smart Cities Mission: Launched in 2015, the Smart Cities Mission aims to develop 100 smart
cities across the country. These smart cities are intended to be equipped with advanced
infrastructure and technology to enhance quality of life, promote sustainable development,
and provide efficient urban services to residents.

Atal Mission for Rejuvenation and Urban Transformation (AMRUT): The AMRUT scheme was
launched in 2015 to focus on providing basic urban infrastructure in cities and towns, such as
water supply, sewerage, and urban transportation. The goal is to improve the quality of life for
urban residents.

Pradhan Mantri Awas Yojana (PMAY): This scheme, launched in 2015, aims to provide
affordable housing for all by 2022. It consists of two components: Pradhan Mantri Awas Yojana
(Urban) for urban areas and Pradhan Mantri Awas Yojana (Gramin) for rural areas.

Swachh Bharat Mission (Urban): The Swachh Bharat Mission focuses on promoting cleanliness,
sanitation, and hygiene in urban areas. It aims to eliminate open defecation, improve solid
waste management, & ensure a clean urban environment.

Heritage City Development and Augmentation Yojana (HRIDAY): This scheme aims to
preserve and revitalize the rich cultural heritage of heritage cities in India, making them more
livable and tourist-friendly.

National Urban Livelihoods Mission (DAY-NULM): DAY-NULM was launched to reduce poverty
and vulnerability of urban poor households. It provides self-employment opportunities, skill
development, and access to credit and capital.

Rural Construction

Rural Construction: This sub-sector aims at the constructional requirements of rural India and

construction of rural households, warehouses, village roads etc.
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Fig. 1.1.6 Rural Roads Fig. 1.1.7 Rural House

Rural infrastructure is not only an important element of rural expansion but also a significant element
in ensuring any sustainable poverty reduction plan. The appropriate expansion of infrastructure in
rural zones improves the rural financial system and quality of life. It encourages augmented agricultural

profits, satisfactory employment etc.
Government Initiatives under Rural Development

Indian government has launched various initiatives under rural development to uplift rural areas,
improve the living standards of rural communities, and promote inclusive growth. Some of the key

government initiatives under rural development include:

e Pradhan Mantri Gram Sadak Yojana (PMGSY): Launched in 2000, PMGSY aims to provide
all-weather road connectivity to unconnected rural habitations. The program focuses on
improving rural access and connectivity, which has a positive impact on economic development

and social integration.

e Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA): MGNREGA,
launched in 2005, guarantees 100 days of wage employment to every household in rural areas.
It aims to provide livelihood security to rural households and promote rural development
through the creation of durable assets and infrastructure.

e Pradhan Mantri Awaas Yojana - Gramin (PMAY-G): Launched in 2016, PMAY-G aims to
provide affordable and quality housing to rural households. It focuses on improving the living
conditions of the rural poor and providing them with a safe and secure dwelling.

e Swachh Bharat Mission (Gramin): Similar to the urban counterpart, this mission focuses on
promoting cleanliness and sanitation in rural areas. It aims to achieve an open defecation-free

rural India and improve rural sanitation facilities.
“Bharat Nirman”

“Bharat Nirman” was an initiative launched by the Indian government in 2005 to accelerate rural
development and bridge the infrastructure gaps in rural areas.
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Fig. 1.1.8 Bharat Gramin Yojna for improving Rural Infrastructure

It aimed to enhance the quality of life and economic opportunities for rural communities by focusing
on six key areas:

e Rural Housing: Bharat Nirman aimed to provide affordable housing to the rural poor and
ensure that every rural household had access to a safe and secure dwelling.

e Rural Roads: The initiative focused on improving rural connectivity by constructing and
upgrading rural roads under the Pradhan Mantri Gram Sadak Yojana (PMGSY). This helped in
facilitating easier access to markets, healthcare, and education for rural residents.

» Rural Water Supply: Bharat Nirman aimed to provide safe and sustainable drinking water to
rural areas under the National Rural Drinking Water Programme (NRDWP). The goal was to
ensure that every rural household had access to potable water.

» Rural Electrification: The initiative sought to electrify all unelectrified villages and provide
electricity connections to rural households. The focus was on enhancing rural electrification
and promoting energy access in remote areas.

e Rural Telecommunication: Bharat Nirman aimed to extend telecommunication services to
rural areas, including mobile and broadband connectivity, to bridge the digital divide and
enable access to information and services.

« lrrigation: The initiative sought to increase the irrigation potential in rural areas to enhance
agricultural productivity and income. This was done through various schemes and projects
promoting water conservation and management.

Bharat Nirman played a significant role in boosting rural development and improving the overall socio-
economic conditions in rural India. It brought attention to the importance of infra development in rural
areas and contributed to rural empowerment and growth.
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— 1.1.2 Major occupations in Construction Sector

Following occupations are very common in most of the construction projects:

Masonry: Masonry involves the work to use mortar for fixing constituents like brick, stone, block or
others to build walls and buildings.

The basic objectives of masonry work include:

e Building of structure by laying material such as bricks, blocks, tiles and other construction
materials, and bonding them by mortar.

o Constructing, altering, repairing and maintaining walls, sidewalks, street curbs, floors, sink
counters, partitions, manholes, and other related structures or surfaces.

o Carry out structural finishes like tiling, grit wash, cement wash, POP, plastering, stone cladding

etc. on finished masonry surface to impart an aesthetic appeal to the finished structure.

Fig. 1.1.9 Brick work Fig. 1.1.10 Plastering Work

Few job roles under masonry occupation are:

e Helper Mason

e Assistant Mason

* General Mason

e Mason Tiling

¢ Mason Concrete

e« Mason marble, granite & stone; and

e Mason Special Finishing

e« Mason Form Finishes & Special concrete.
Bar Bending and Fixing: Bar bending and Steel Fixing
involves works like shifting, straightening, cutting,
bending and placing of the reinforcement bars in

order to assemble cage/mesh according to given
working structural drawing or specifications.

Few job roles under bar bending occupation are: Fig. 1.1.11 Bar bending
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e Helper bar bender & steel fixer;
e Assistant bar bender & steel fixer;
e Bar bender & steel fixer; and

e Reinforcement fitter.

Fig. 1.1.12 Reinforcement bars fixed at site

Shuttering Carpentry: Shuttering Carpentry involves the use of timber boards or metal plates to
create a temporary structure for casting of concrete. These timber boards or metal plates are placed,
positioned and fixed using rods and stakes known as false work. After fixing these boards or plates
in designated area, concrete can be dispensed within these fixed moulds. These moulds contain the
concrete in its place till it sets, thereby generating a hard, smooth structure.

Fig. 1.1.13 Conventional formwork Fig. 1.1.14 System formwork

Few job roles under shuttering carpentry occupation are:
e Helper shuttering carpenter;
e Assistant shuttering carpenter;
e Shuttering carpenter — system; and

e Shuttering carpenter — conventional.
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Fig. 1.1.11 Bar bending

Scaffolding: Scaffolding works involve creation of temporary support structure for providing support

to workman during construction process. It is use as a platform to carry on construction works and

keep tools and materials.
Few job roles under scaffolding occupation are:
e Assistant scaffold — system; and;
e Assistant scaffold — conventional.;
e Scaffolder-System
e Scaffolder-Conventional.
e Chargehand Scaffolding —System
e Foreman Scaffolding

Fabrication: Fabrication is the process of
construction of an item from raw materials using
cutting, bending assembling process, instead of
creating it from ready to use components or parts.
It involves various tasks such as cutting & heating,
welding followed by final assembly of welded,
sand-blasted, primed, painted components.

Key part of this process is also the initial phases of
grinding, drilling and surface preparation, essential
for fabrication.

Fig. 1.1.16 Welding
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Few job roles under Fabrication occupation are:
e Grinder Construction;
e Construction fitter;
e Construction welder;
e Fabricator; and

e Plasma cutter.

Rigging: Rigging is a set of actions used for
moving, lifting and transferring objects by
scheming and fitting various components and
equipment. A team of riggers designs and

installs the lifting or rolling equipment needed

Fig. 1 1.17 Rigging work at site

to raise, roll, slide or lift objects such as with
a crane.

Few job roles under rigging occupation are:
e Khalasi;
e Rigger structural erection;
e Rigger precast erection; and

e Rigger piling.

—1.1.3 Typical Layout of a Construction Site
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Fig. 1.1.18 Layout of a construction site
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— Notes |E

— QR Codes

Scan the QR code to watch the video

https://youtu.be/yhjDhav4Pfw

Overview of Construction Sector

in India
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UNIT 1.2: About Bar Bending & Steel Fixing Occupation

— Unit Objectives |©

At the end of this unit, you will be able to:
e Describe the role and responsibilities of a bar bender and steel fixer.
» Define the personal attributes required in bar bending and steel fixing occupation.

e Explain the future possible progression and career development options of a bar bender and steel
fixer.

— 1.2.1 About Bar Bending & Steel Fixing

Bar Bending and Steel Fixing are essential aspects
of construction that revolve around reinforcing
concrete structures with steel bars (rebars) to
enhance their strength, durability, and structural
integrity.

These processes are critical for creating buildings,

bridges, dams, and other structures that can

e b

withstand the forces they will be subjected to over

time. Fig. 1.2.1 Bar bending & steel fixing

Bar Bending: Bar bending involves cutting and shaping steel reinforcement bars (rebars) according
to the specifications provided by structural engineers and architects. The rebars are typically made
of high-strength steel and are used to reinforce concrete structures by adding tensile strength to the
concrete. Bar bending is a precise process that requires accurate measurements and angles to ensure
the rebars fit properly within the concrete forms.

Steel Fixing: Steel fixing, often referred to as rebar fixing, focuses on assembling and installing the pre-
cut and pre-bent rebars within the formwork or molds before concrete is poured. Steel fixers position
the rebars according to the design and engineering plans, ensuring they are properly spaced, aligned,
and secured. This process creates a framework of steel within the concrete that helps distribute loads,
prevent cracks, and improve the overall structural stability.

Key Concepts and Processes:

e Blueprint Reading: Bar benders and steel fixers need to understand construction blueprints and
drawings to accurately interpret the design requirements for the placement and arrangement
of rebars.

e Cutting and Bending: Rebars are cut and bent using specialized tools and machines to achieve
the desired shapes and lengths. The bending process is critical to creating rebars that fit the
contours of the structure accurately.
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» Assembling Reinforcement Cages: Steel fixers create reinforcement cages by assembling rebars
into complex arrangements, ensuring they match the specified patterns and configurations.

e Placement and Fixing: Once the reinforcement cages are assembled, they are positioned
within the formwork. Steel fixers use various methods, such as tying wires, clips, or supports,
to secure the rebars in their designated locations.

» Tying Rebars: Tying techniques involve securing rebars together at intersections using wire or
other materials. This process maintains the proper spacing and alignment of the rebars.

o Safety: Both bar bending and steel fixing require strict adherence to safety protocols.
Construction sites can be hazardous environments, and ensuring the safety of workers is a top
priority.

A bar bender and steel fixer works on the reinforcement steel used for reinforced cement concrete
works.

They perform a wide range of activities relating to straightening, cutting, bending and placing
reinforcement as per working structural drawings.

Fig. 1.2.2 Bar bender and steel fixer

The role of bar bender and steel fixer is further detailed as:

e Abarbender & fixer should be able to identify types of bars, read drawings & prepare schedule,
fabricate using hand and power tools, store, transport and fix reinforcement in position in
formwork in readiness for concrete pears.

* He has to deal with his assistants; his colleagues and tradesmen with related skills and has to
co-ordinate with the activities of the other tradesmen also.

e Heshould have proficiency in use of different tools, knowledge of commonly used construction
material, ability to identify quality of rebars.

— 1.2.2 Duties of a Bar Bender and Steel Fixer

At any construction site, the bar bender and steel fixer plays a vital role as follows:

1. Read drawing & bending schedules;
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Identifies the types and grades of reinforcement to be used;
Calculate from drawings and BBS, the cut length, bending diameters etc.;

Estimate the quantity of material used in day to day work;

vk wenN

Correlates the sequence of reinforcement placing with fixing of inserts, sleeves, conduits and
anchor;

Identifies and uses correct ties on structure;
Estimate the time requirement of a particular job;

Aims to minimize wastage;

v ® N o

Cut & bend reinforcement exactly as per requirement of the schedule;

10. Ensure that bent bars of the same type are bundled together and tagged for identification;

11. Ties and fastens bundled bars to ensure they remain in position whether horizontal or vertical;
12. Ensuring stacking & storing of steel tidily and safely;

13. Execute the bar bending works as per standard procedure;

14. Work safely at all times using ladders, scaffolds, and safety belts;

15. Ensure housekeeping at workplace.

Measuring and marking of rebars

Cutting of rebars (Manual / Machine)
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Bending of rebars
(Manual / Machine)

Placing of rebars

e -
S A L A S N

I T A R S ST A
ol 2 a2 A T

Tying of rebars

Table 1.2.1 Various works performed by a Bar Bender & Steel Fixer

— 1.2.3 Personal attributes for job role of Bar Bending
& Steel Fixing

A bar bender and steel fixer in addition to his skills should also possess certain soft skills and personal
attributes such as:

o Ability to work in a well-organized and accurate way;

o Awareness of safety issues, especially when working at heights and carrying loads;
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e Ability to work as a part of team;
e Agood level of fitness;

e Awareness of personal hygiene;
e Hard working and reliable;

e Courteous and dedicated;

e Good Communication Skills.

Personal attributes are crucial for the job role of Bar Bending & Steel Fixing as they directly impact
efficiency, safety, and quality of work. Physical stamina ensures handling heavy materials, attention
to detail maintains accurate measurements, while teamwork fosters smooth collaboration. Safety
consciousness minimizes risks, manual dexterity ensures precise work, and problem-solving skills
tackle challenges effectively. Time management ensures project timelines, adaptability copes with
changing conditions, and communication aids coordination. Reliability builds trust, physical agility aids
movement, and a positive attitude enhances work environment. Collectively, these attributes elevate
performance, promote safety, and contribute to successful construction projects.

Fig. 1.2.3 Bar bender performing work at site

Measuring of a rebar:

Fig. 1.2.4 Measuring of a rebar




Participant Handbook

Cutting of rebars:

Fig. 1.2.5 Cutting of rebars

Bending of a rebar:

Fig. 1.2.6 Bending of a rebar

Placing of rebars:

-
— ;
— ey
.- F v
5
-
i 27
i
: B e
i 4 =
% ' »
g
~ & ‘l“
& il 7,

Fig. 1.2.7 Placing of rebars
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Carry out manual earthwork:

Fig. 1.2.8 Carrying out manual earthwork

Erection of temporary scaffolding:

Fig. 1.2.9 Performing scaffolding work and ensuring correctness

Carry out cleaning and prepare tools for future use:

Fig. 1.2.10 Carrying out cleaning of debris/wastes and cleaning used tools
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— 1.2.4 Career Path for Bar Bender and Steel Fixer

Career map for bar bender and steel fixer:

NSQF LEVEL 5

1
Bar Bender & Steel
MNSQOF LEVEL 4 Reinforcement Fitter Fixer J
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— Exercise |Bf

Answer the following questions:

A. Short Questions:

1. What is the significance of the construction industry in India’s economy?

2. Name some key sectors within the Indian construction industry.

3. How does the construction industry contribute to employment generation in India?
4. How does the role of a bar bender & steel fixer contribute to the construction process?
5

What are some safety considerations specific to bar bending & steel fixing work?

B. Fill-in-the-Blanks Questions:

1. The construction industry encompasses sectors like real estate and ................... (manufacturing
/ infrastructure).

2. Skilled labor shortage and ................ (regulation / bureaucracy) are challenges in the Indian
construction industry.

3. Bar benders & steel fixers work with reinforcement bars to create ................... (demolition /
structural support).

4. Proper ... (color / placement) of reinforcement bars is crucial for maintaining structural
integrity.

5. Safety equipment like helmets and gloves protect bar benders & steel fixers from ..................

(weather / hazards).
C. True/False Questions:

1. The construction industry has no significant impact on India’s economy. (True/False)

2. |Infrastructure development is not a part of the construction industry in India. (True/False)

3. Skilled labor shortage is not a challenge faced by the Indian construction industry. (True/False)
4. The construction industry’s growth is unrelated to economic factors. (True/False)
5

Sustainability practices have no role in the Indian construction industry. (True/False)
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Key Learning Outcomes |7

At the end of this module, you will be able to:

1.

© N o v A W N

Explain brief on metric system of measurement;

Explain briefly inch system of measurement;

Perform basic arithmetic calculations;

Know about basic geometrical shapes;

Calculate area, volume and perimeter of different shapes;
Know about Pythagoras theorem;

Perform basic calculations using Pythagoras theorem.

Calculate problems using trigonometric functions.
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UNIT 2.1: Unit Conversion and Measurement

— Unit Objectives |©@

At the end of this unit, you will be able to:

e Explain brief on metric system of measurement; and

e Understanding inch system of measurement.

— 2.1.1 Different System of Measurement
There are two systems of measurement used are:
e Metric MKS system; and

e Inch/FPS system.

Metric System Inch System

1. It is based on meter as the standard unit of 1. It is based on the foot as the standard unit of
measurement. measurement.

2. A meter contains 10 equal parts called 2. A foot is divided into 12 similar parts called
decimeter. inches.

3. Decimeter is divided into 10 parts called 3. Inch system does not have decimal based
centimeters and centimeter is divided into 10 benefit of the Metric System.

parts called millimeters.

4. Most usually used system of measurement in | 4. Fractions of foot cannot be written as decimal
the world. inches.

-- 5. For example, in the metric system 5
millimeters = 0.5 centimeters = 0.05 decimeters
=0.005 meters. But 5 inches = 0.416667 which is
feet = 0.138889 yards and so on.

Table 2.1.1: Metric system and Inch system

— 2.1.2 Metric System

This system is much easier. It consists of a series of basic units corresponding to mass, distance and
volume and utilizes prefixes to denote multiples of unit being used.

Basic Unit Measuring

Metre/meter Distance
Kilogram Mass
Litre/liter Volume

Table 2.1.2: Basic metric system units
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The prefixes and what they mean are:

Prefix Symbol Number
Giga- G 1,00,00,00,000
Mega- M 10,00,000
Kilo- K 1,000
Hecto H 100
Deca- D 10
(none) 1
Deci- D 0.1
Centi- C 0.01
Milli- M 0.001

Table 2.1.3: Metric system units’ prefix and their meaning

— 2.1.3 Inch System

Length or distance

Lengths and distances are measured in inches, feet, yards and miles:
e 12inches =1 foot
o feet=1vyard
e 1760 yards =1 mile

— 2.1.4 Conversion between metric and inch systems

There are various approximations used for conversion of units. For example:
o 1 meteris approximately equal to 1 yard.
e 1 mileis approximately equal to 1.5 KM’s and a KM is approximately equal to 2/3 of a mile.

o pounds (Ib) make up 1Kg.)
Weight, mass, length, volume, and temperature used for measurement conversions.

Metric to Imperial Conversion chart

Convert To Multiply by
Kilometers Miles 0.62
Kilometers Feet 3280.8

Meters Feet 3.28
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Centimeters Inches 0.39
Millimeters Inches 0.039
Liters Quarts 1.057
Liters Gallons 0.264
Milliliters Ounces 0.0338
Celsius Fahrenheit (Temperature (C) + 32) * 9/5
Kilogram Tons 0.0011
Kilogram Pounds 2.2046
Grams Ounces 0.035
Grams Pounds 0.002205
Milligrams Ounces 0.000035

Table 2.1.4: Conversion from metric to imperial system

Convert

Imperial to Metric Conversion chart

To

Multiply by

Fahrenheit Celsius (Temperature (F) - 32) * 5/9
Inches Meters 0.0254
Inches Centimeters 2.54
Inches Millimeters 254
Feet Meters 0.3
Yards Meters 0.91
Yards Kilometers 0.00091
Miles Kilometers 1.61
Tons Kilograms 907.18

Table 2.1.5: Conversion from imperial to metric system
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UNIT 2.2: Basic Geometrical Shapes and its Properties

— Unit Objectives |©

At the end of this unit, you will be able to:
1. Perform basic arithmetic calculations;
2. Know about basic geometrical shapes; and

3. Calculate area, volume and perimeter of different shapes.

— 2.2.1 Basic Mathematical Calculations

The same thing can be explained by the use of basic mathematics

Symbol Words Used

+ Addition, Plus, Sum, Increase

- Subtraction, Minus, Less, Decrease, Difference, Deduct

X Multiplication, Product

+ Division, Quotient

Table 2.1.1: Metric system and Inch system
Addition

To make a new total by bringing two or more numbers (or things) together. “Addends” are the num-
bers which are to be added together:

8+3=11

Subtraction

It involves taking one digit away from another digit.

Multiplication
In its simplest form, it is repeated addition.

Below we see 3+3+3 (three 3s) make 9:

6x3=18

We can also multiply by fractions or a decimal, which is also repetitive addition:
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Example:3.5x5=17.5

which is 3.5 lots of 5, or 5 lots of 3.5

Division

Division is also the splitting into equivalent parts or groups. Division is the result of “fair sharing”. It has
its own singular words to remember.

For example, take the simple query of dividing 22 by 5. By 2 left over and the answer is 4. See the
important words:

Quotien

Divfsor*\ 4 R2 —=—Remainder
5’ 22 -—==—Dividend

Which is the same as:

Quo'rizntﬂ\

Dividend—w=— 22 + 5 = 4 R 2 —=—Remainder

Di vfsar—/

Fraction is part of a whole.

It is written with the lowest portion (the denominator) telling how many parts the whole is separated

3 “~— Numerotor
| 4 <~— Denominator

into, and the top portion (the numerator) telling how many portion we have.

A Decimal Point contain in a Decimal Number.

1/10 (Tenths)
Units Decimal Point 1/100 (Hundredths)
Tens 1/1000 (Thousandths)
17.591
L ]
- 10x Bigger
10x Smaller

Part of per 100 is called a Percentage. The symbol is % Example: 25 per 100 is called 25% (25% of this
pattern is green).
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100

Fig. 2.2.1: Part percentage

Average (Mean) is the total divided by the sum.

We analyze the average by adding up all the figure and then split by how many figure.
Example: What is the average of 9, 2, 12 and 5?

Add up all the values: 9+2 +12 +5=28

How many values are required to divide (there are four of them): 28 +4=7

So the average is 7.

— 2.2.2 Basic Geometrical Shapes

The common shapes comprise of square, triangle and rectangle.

3 4

Basic Shapes

Equilateral Square
triangle
6 7
sides sides
Hexagon Heptagen
10
sides
MNonagon Decagon Undecagon

Fig. 2.2.2: Basic shapes
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Curved Shapes

OO

Circle Ellipse

Fig. 2.2.3: Curved shapes

Other Shapes

[/ Ay €

Rhombus Parallelogram Quadrilateral Rectangle

Fig. 2.2.4: Other shapes

— 2.2.3 Area, volume and perimeter of geometrical shapes —

The common shapes comprise of square, triangle and rectangle.

Basic Shapes
Perimeter |cm m ft.
Units Area cm2 m2 Sq. ft
Volume cm3 m3 Cub. ft

Table 2.2.2: Area, volume and perimeter units

Polygon
Yg / Perimeter (P) Sides
Circle
P=b+c+d A=1/2ab a=altitude
b=base
Triangle d c
c, d=sides
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P=bl+b2+c+d Area =1/2a (b1 + b2) a= altitude
b b1, b2=base
Trapezoid d c, d=sides
by
P=2b + 2c Area=bxh a= altitude
b=base
Parallelogram
C c=side
b b
P=4s A=axs a= altitude
s=side
Rhombus
s
P=2l+2w A=lxw I=length w=width
Rectangle
N
P=4s A=s2 s=side length
Square
1
P=ns A=0.5axnxs a = length
Regular .
polygon s = side length
pentagon has n = No. of sides
five sides _
n=5
hexagon has
six n=6
sides s n=7
heptagon has | p_g, A=2.5axs n=8
seven sides
octagon has P=6s A=3.0axs n=9
eight sides P=7s A=35axs n=10
nonagon has | p_gg A=4.0axs
nine sides
decagon has P=9s A=4.5axs
ten sides P=10s A=5.0axs
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C = Circumference A =Area r=radius
C=nd A=mr2 d= Diameter
Circle @
Geometric .
Surface Area Volume Sides
Shape
A=2B+Ph Volume = Bh s = side length
SA = 2(s2) + (4s)s = 652 Volume =s3 B = area of the base
. P = perimeter of the
| base
Cube 5
| h = height
= =
SA=2(mtr2)+ (2mr) h B = area of base
P = perimeter of base
. - P > r = radius of circle
cylinder h h = height

Cone

SA =T1r 2 + TS

V =0.33 Bh

V =0.33 ntir2h

B = area of base
r = radius of circle
h = height

s= slant height
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Sphere

SA =4nr2

V =1.33mnr3

r = radius of circle




Participant Handbook

— Notes |E

— QR Codes

Scan the QR code to watch the video

DA

https://youtu.be/OhTubw4C0to

Area, volume and perimeter of geometrical

shapes



https://youtu.be/OhTubw4C0to

Bar Bender and Steel Fixer

UNIT 2.3: Pythagoras theorem and its application

— Unit Objectives |©

At the end of this unit, you will be able to:
1. Know about Pythagoras theorem; and

2. Perform basic calculations using Pythagoras theorem.

— 2.3.1 Pythagoras Theorem

According to Pythagoras’s theorem, the total of the squares of
two edges of a right triangle is equivalent to the square of the
hypotenuse. If one side of right triangle is a, the other partis b and
hypotenuse is given by c, then as per Pythagoras’s theorem:

a2 +b2=c2

The length of one part of a right triangle can be calculated if the
length of the other two parts of triangle is known.

a

Fig. 2.3.1: Right angle triangle

— 2.3.2 Applications of Pythagoras theorem

Finding the Length of the Hypotenuse B

a2+b2 = c2 Pythagorean Theorem

524122 = c2 Substitute known values for aand b c
|

(25+144) = c2 Simplify
169 = c2 Combine like terms

A b c
V169 =Vc2

Fig. 2.3.2: Hypotenuse length
13=c

Pythagoras Theorem is used to find the length of the hypotenuse of a right triangle, if the length of
the other two sides of a right triangle is known. In other words, if we know the lengths of a and b, we
can find c.

Finding side Length

To find the side length of a right triangle’s if we are given measurements for the hypotenuse and the
one side we can also use the Pythagorean Theorem. Consider the right triangle below:
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a2+b2=c2 Pythagorean Theorem
a2+62=72 Substitute known values for b a
Fig. 2.3.1: Right angle triangle

Fig. 2.3.2: Hypotenuse length

a2+36=49 Simplify

a2+36-36=49-36 Isolate the term

a2=13

a=V13 Take square root of both side

a=3.61 V13 is approximately 3.61

b=6

Fig. 2.3.3: Right angle triangle leg measurement

Solving for the Length of the Diagonal

Find the length of the diagonal of a rectangle that is 8 centimeters (cm) long and 5 cm wide. Let x be
the unknown length of the diagonal:

So
X2 =52 + 82 s
=25+64
X 5
=89 &
X =V89
Thus 2
Fig. 2.3.4: Right angle triangle
x=9.4

2.3.3 3-4-5 Method

Method for Squaring Corners
3-4-5 method is used as a method for squaring corners.

Introduction to 3-4-5 rule
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The 3-4-5 rule is based on the Pythagorean Theorem. The sum of the squares of the lengths of the legs

of a right triangle (“A and “B” in the triangle shown below) is equal to the square of the length of the
hypotenuse (“C”).

¥

Cuw B -

Fig. 2.3.5: Right angle triangle

Application of 3-4-5 rule to lay out a wall:
e On one side of corner measure 3’-0’ and make a mark
e On the opposite side of the corner measure 4’-0’ and make a mark

e Measure between the two marks when this distance equals 5’-0’ the two walls are 90 degrees
to each other (i.e. square).

o  For larger layouts any multiple of the 3-4-5 rule can be used (i.e. 6-8-10 etc.)
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UNIT 2.4: Basic Trigonometry

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Know about basic trigonometry formulas; and

2. Calculate problems using trigonometric functions

— 2.4.1 Basic Trigonometry

By defining trigonometric functions, a trigonometry creates relationships between the angle and
side measurements of a right angled triangle. Trigonometry starts by defining its basic trigonometric
functions linking the angle and side measurements of a right angled triangle. Let us have a look:

A right angled triangle is the basis of all of trigonometry, however complex it is made finally.
Important basic facts

« Right angled triangle: AABC with right angle at £ABC.

e One of the opposite angles: 26.

e Bottom side: base=b.

e Perpendicular to the base, height = h.

» Diagonal side, hypotenuse=1.

height=h

B base=b Ty

Fig. 2.4.1: Basic trigonometry

Core geometrical concept
Pythagoras theorem:

e (Hypotenuse)2 = (base)2 + (height)2 Or 12 = b2 + h2

Basic trigonometric functions and relations
Trigonometry starts by defining two basic functions on £68, namely, sinB and cos8.

e SinB = height/hypotenuse = h/l and,
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o CosB = base/hypotenuse = b/I.

All other functions can be derived by the use of the two most basic trigonometric functions.

Relation between sin® and cos0O:
e sin20 + cos20 = (h/1)2 + (b/1)2 = (h2 + b2/12)
e Or,sin20+cos260=1

In Trigonometry, this is the most important and highly used relationship.

Other trigonometric functions
The function tanB is the third most important function other than sin and cos6.
e tan® =sinB/cosO = height/base = h/b
This defines the third possible direct ratio relation between pairs of sides of the right triangle AABC.

In tan®, the hypotenuse is canceled out and only height and base remain in the ratio.

Values of Trigonometric functions for specific angles

Angle (degrees/radians)

00| 300 | a5t | 600 | 900 | 180 [ 270° | 3600

0 |nf6|af|xf3| /2| & |3n/2] 2%
sin 8 o 3 ;,55 %’E i lo ]| | o
cos 8 1 —‘;—i 71,2- é 0| -1] o0 1
1an @ 0 % 1 [vA] « | B - o
cosec o | 2 | 2 % 1 oo =T =
sec 8 1 % V2| 2 | = | - = 1
cot 6 = |31 % 0| = | 0 |«

Fig. 2.4.2: Values of Trigonometric functions for specific angles
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— Exercise |Bf

Answer the following questions:
Questions:
1. What is the conversion factor between meters and millimeters?
2. What is the sum of the interior angles of a triangle?
3. How many sides does a hexagon have?
4. What is the relationship between the sides in a Pythagorean triple?
5

What is the tangent of an acute angle in a right triangle?

Fill-in-the-Blanks:

1. 1000 millimeters are equal to meter(s).
a. 0.001 meter(s).
b. 1 meter(s).

2. Atriangle with all sides of different lengths is called a triangle.
a. An isosceles triangle.
b. A scalene triangle.

3. Adcircle is defined as the set of all points from a given point.
a. Equidistant from a given point.
b. Concentric to a given point.

4. The Pythagorean theorem is named after the ancient Greek mathematician
a. Archimedes.
b. Pythagoras.

5. The angle of 90 degrees is called a angle.
a. An acute angle.

b. A right angle.

True/False:

1. True/False: A Celsius temperature can never be lower than a Fahrenheit temperature.

2. True/False: The sum of the angles in any triangle is 180 degrees.

3. True/False: The Pythagorean theorem hasapplicationsin fields like navigation and engineering.
4. True/False: The tangent of a right angle is undefined.
5

True/False: In a right triangle, the side opposite the larger acute angle is longer than the side
opposite the smaller acute angle.
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Bending Schedule
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Unit 3.1 - Bar Bending Drawings
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— Key Learning Outcomes |:%
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At the end of this module, you will be able to:

1.

10.

11.

12.

Recognize the details in a reinforcement drawing, such as type and size of reinforcement bar, cover
to reinforcement, spacing, chairs requirement etc.

Discuss different grades and diameters of reinforcement bars and binding wires used in construction
work.

Convert given units of measurement in the metric system to the imperial system and vice versa
relevant to bar bending and steel fixing.

Explain insertion and fixing sequence for different types of R.C.C structures such as slab, beam,
column, footing, wall, staircase etc.

Calculate the number of bars, chair and spacer from drawing and bar bending schedule.

Calculate the cutting length for various shapes of reinforcement bars (L-shape, U-shape) from
sketches, drawing and bar bending schedule.

Calculate the deduction for bends.
Calculate the cutting length for Stirrups of various shape (Square, Rectangle, Circle).
Discuss ways to minimize wastage of reinforcement steel.

Interpret routine drawings and sketches to confirm the details such as diameter, shape, and
location of reinforcement bar, cutting length, cover to reinforcement bar, bar description, number
of bars, bend of reinforcement bar, etc., within the allotted time.

Interpret bar bending schedule to confirm details such as diameter, shape, and location of
reinforcement bar, cutting length, cover to reinforcement bar, bar description, number of bars,
bend of reinforcement bar, etc., within the allotted time.

Interpret the BBS and estimate quantity of reinforcement work for relevant RCC structure within
the allotted time.
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UNIT 3.1: Bar Bending Drawings

Unit Objectives |©

At the end of this unit, you will be able to:

1.

© N o U

Recognize the details in a reinforcement drawing, such as type and size of reinforcement bar, cover
to reinforcement, spacing, chairs requirement etc.

Discuss different grades and diameters of reinforcement bars and binding wires used in construction
work.

Convert given units of measurement in the metric system to the imperial system and vice versa
relevant to bar bending and steel fixing.

Explain insertion and fixing sequence for different types of R.C.C structures such as slab, beam,
column, footing, wall, staircase etc.

Calculate the deduction for bends.
Calculate the cutting length for Stirrups of various shape (Square, Rectangle, Circle).
Discuss ways to minimize wastage of reinforcement steel.

Interpret routine drawings and sketches to confirm the details such as diameter, shape, and
location of reinforcement bar, cutting length, cover to reinforcement bar, bar description, number
of bars, bend of reinforcement bar, etc., within the allotted time.

3.1.1 Bar Bending Drawings

Bar Bending Drawings (often abbreviated as BBS or BB drawings) are detailed structural drawings

used in construction projects, particularly in reinforced concrete structures. These drawings provide

information about the size, shape, and placement of reinforcing bars (rebar) within concrete elements

like beams, columns, slabs, and foundations. The purpose of these drawings is to ensure that the

reinforcement is accurately installed to meet the structural requirements and standards.

Bar Bending Drawings typically include the following information:

e BarSchedule: This is a list that specifies the type, size, quantity, and length of each reinforcing
bar required for a particular structural element.

Type Shape-size length | No. | Totallength Unit weight | Total weight
(m) (m) (kg/m} (ke)
A(20mm) | &7 ® 7.86 3 2358 25 58.95
o
B (16mm) | % 1% 816 2 16.32 16 2611
G NI B
380
180 180
C (16mm) ok vl 813 2 16.26 1.6 26.0
710
L R —" 7.72 2 15.44 0.89 13.74
| ——
W ) "
s Hook=12xd
E (10mm) =12x10 1.56 38 59.28 062 36.75
m =12cm

Fig. 3.1.1: Bar schedule
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o Bar Markings: Each rebar is labelled with a unique identifier or mark. This mark corresponds
to the bar’s position and size as indicated in the drawing.

o BarShapes and Bends: Detailed diagrams or symbols depict how each rebar should be shaped,
bent, and positioned within the concrete element. This includes information about the hooks,
bends, and lap lengths.

e Spacing and Clear Cover: The drawings specify the spacing between bars and the clear cover
(the distance between the surface of the concrete and the nearest reinforcing bar) to ensure
proper concrete placement.

» Dimensional Details: Measurements and dimensions are provided to accurately place the
rebar within the structural element. This ensures that the concrete element meets the
required strength and load-bearing capacity.

e Sections and Elevations: Bar Bending Drawings may include cross-sections and elevation
views to illustrate the placement of rebar within the context of the entire structure.

» Material Specifications: Information about the type and grade of reinforcing steel to be used
in the construction.

2-$16-312 8-#8-311-100
AR MARK R SPACING
AR DIAMETER AR MARK
BAR NUMBERS -BAR DIAMETER
~BAR NUMBERS

Fig. 3.1.2: Material specification

These drawings are typically prepared by structural engineers or drafters with expertise in structural
detailing. Contractors and construction workers use Bar Bending Drawings as a reference to fabricate
and install the reinforcing bars correctly, ensuring the structural integrity and safety of the concrete
elements.

The drawings are an essential part of the construction documentation process and help ensure that
the project adheres to building codes and engineering standards. They also help minimize errors
during construction, saving time and resources.

— 3.1.2 Reinforcement Drawings

Construction Drawings: A construction drawing is a pictorial 2D representation of the various details
of the structure that is being constructed. It provides many vital details required for execution of
construction works. A construction drawing consists of the following parts:

1. Elevation: this drawing shows how the structure looks in the real life.




Participant Handbook

2. Plan: shows the location of various structural elements and their dimensions

3. Sections: at critical locations sections are cut in order to show the complicate details or details
that cannot be shown in plan or elevation.

Reinforcement Drawings: Reinforcement drawing is a specific type of construction drawing that
shows the details of the reinforcement, their shape, size & placing patterns. The following details are
mentioned in the reinforcement drawings:

o Type of reinforcing steel to be used

o Diameter and length of reinforcement

e Spacing of different type of reinforcement

e Bar mark and number of the reinforcement bars;
e Shape and position of the reinforcement bars;

o Distance between the bars

e Overlap length at joints;

e Arrangement, dimensions and development of points by specification of the joining metal,
jarring plates and cover to reinforcement;

e Special measures for quality assurance, if required.

Purpose of reinforcement drawings:

Reinforcement drawings serve various purposes to different people. e.g. for a designer they act as a
convenient way of demonstrating the required specifications while the same serves as a guide and
reference for a site engineer.

In a similar way, drawings serve the following purpose for a bar bender and steel fixer:

e It enables him/her to identify the location and position of work
e It enables him/her (h/h) to identify the dimensions of the cage to be prepared

e It enables h/h to identify the material requirements, thereby helping in material waste
reduction

e It enables h/h to understand the reinforcement requirements in terms of spacing number
weight etc.

— 3.1.3 Understanding Reinforcement Drawings

The below drawing shows the reinforcement cage for a two-way slab of (4500x460x5460 mm). The
depth of the slab is 150 mm with a clear cover of 20 mm. Additionally Torsion reinforcement of () is
provided at all the corners to prevent uplift of slab due to bending moment. Further following details
are to be understood from the drawing.
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Explanation of drawing:

1. 6-#16:0 6 barsof 16 mm dia are to be placed at the top and bottom layers in both directions
at each other
2. Function: 6 bars to be placed in 1030mm. ¢/c distance= 1030/6 = 170 mm.

3. 8@ @180 c/c: 8 mm dia bars are to be placed at ¢/c distance of 180 mm then no. of bars along
longer direction = 4000/180 + 1 = 24 nos.

4. No. of bars in shorter direction = 5000/180 + 1 = 29 nos.

5. Bar diameter: Bar diameter is the rebar required of given diameter.

6. Width of wall: In the figure, 230 mm shows the width of wall.

7. Total span length of bottom bar: In the figure,

e Length of longer bar = 5000 + 2x230 — 2x20 = 5420 mm
e Length of shorter bar = 4000 + 2x230 — 2x20 = 4420 mm

Indication Example

Numerical bar mark (if available — not available in the above image) 3

Number of bars 6

Bar diameter, in millimeters #16 or @16

Spacing, in millimeters 180

Position in the component or construction part (if available) T

Shape code of reinforcement bar (if available) 13
Indication for the example: 3-6 #16—180—T—13

Table 3.1.1: Explanation of reinforcement drawings

— 3.1.4 Grades and Diameters of Reinforcement Bars and
Binding Wires

Reinforcement bars (rebar) and binding wires come in various grades and diameters to meet the specific
structural requirements of construction projects. Here are some common grades and diameters used
in construction work:

Reinforcement Bars (Rebar):

e Mild Steel (MS) Rebar: These are typically plain round bars without any rib patterns and
are used in low-stress applications. Common diameters include 6mm, 8mm, 10mm, 12mm,
16mm, and 20mm.

Fig. 3.1.3: MS rebar
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o High Strength Deformed (HSD) Rebar: These are ribbed or deformed bars with improved

tensile strength, suitable for most construction purposes. Diameters often range from 8mm
to 40mm or more.

Fig. 3.1.4: HSD rebar

e TMT (Thermo-Mechanically Treated) Rebar: TMT bars are heat-treated to enhance their
strength and ductility. They come in various grades, such as Fe415, Fe500, Fe550, and Fe600,
representing their yield strength in N/mm?2. Common diameters are similar to HSD bars.

Fig. 3.1.5: TMT rebar

o Stainless Steel Rebar: Used in environments where corrosion resistance is crucial, stainless
steel rebar comes in various grades and diameters and is more expensive than mild steel rebar.
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Fig. 3.1.6: Stainless steel rebar

o Epoxy-Coated Rebar: These are typically mild steel bars coated with epoxy to protect against
corrosion in aggressive environments like coastal regions. Diameters are similar to HSD bars.

Fig. 3.1.7: Epoxy-coated rebar

Binding Wires:

e Gl (Galvanized Iron) Binding Wire: Gl binding wire is coated
with a layer of zinc to prevent rusting and corrosion. Common
diameters range from 16 gauge (1.6mm) to 20 gauge (0.9mm).

Fig. 3.1.8: Gl binding wire
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» Black Annealed Binding Wire: This type of wire is heat-treated to make it softer and more
pliable. It’s often used for tying rebar together. Diameters can vary but are commonly between
16 gauge (1.6mm) and 18 gauge (1.2mm).

Fig. 3.1.9: Black annealed binding wire

o Stainless Steel Binding Wire: Stainless steel binding wire is resistant to corrosion and is used
in situations where rusting is a concern. Diameters are available in various sizes.

Fig. 3.1.10: Stainless steel binding wire

e PVC-Coated Binding Wire: PVC-coated binding wire has a plastic coating for added protection
and is used in applications where moisture resistance is required. Diameters are similar to
black annealed wire.

Fig. 3.1.11: PVC-coated binding wire
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The choice of rebar grade and diameter depends on the structural design, load-bearing requirements,
and environmental factors of the construction project. Similarly, the choice of binding wire depends
on factors like corrosion resistance and ease of use during construction. It’s essential to follow the
specifications outlined in the structural drawings and adhere to relevant building codes and standards
when selecting and using these materials.

— 3.1.5 Units of Measurement

Converting units of measurement between the metric system (Sl) and the imperial system (US
customary) for bar bending and steel fixing can be done as follows:

Metric to Imperial Conversion Table:

Metric (SI) Imperial (US Customary)

Millimeters (mm) Inches (in)

Centimeters (cm) Inches (in)

Meters (m) Feet (ft)

Square Meters (m?) Square Feet (ft?)

Cubic Meters (m3) Cubic Feet (ft3)

Kilograms (kg) Pounds (lb)

Metric Tons (tonnes) Short Tons (US ton)
Newtons (N) Pounds-Force (lIbf)
Megapascals (MPa) Pounds per Square Inch (psi)

Table 3.1.2: Metric to Imperial Conversion Table

Imperial (US Customary) Metric (SI)

Inches (in) Millimeters (mm)
Feet (ft) Meters (m)

Square Feet (ft?) Square Meters (m?)
Cubic Feet (ft3) Cubic Meters (m3)
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Pounds (lb) Kilograms (kg)

Short Tons (US ton) Metric Tons (tonnes)
Pounds-Force (Ibf) Newtons (N)

Pounds per Square Inch (psi) Megapascals (MPa)

Table 3.1.3: Imperial to Metric Conversion Table

Using these conversion tables, you can easily convert measurements between the metric and imperial
systems for bar bending and steel fixing in construction. For example, if you have a steel bar with a
diameter of 12 mm in the metric system and want to convert it to the imperial system, you would

convert the diameter to inches:
e 12 mm * 0.0393701 (conversion factor) = 0.472441 inches

So, a steel bar with a 12 mm diameter is approximately 0.472441 inches in diameter in the imperial

system.

— 3.1.6 Insertion and Fixing Sequence for different Types
of R.C.C Structures

Reinforced Concrete Cement (RCC) structures are widely used in construction due to their strength
and versatility. Here are some common types of RCC structures:
1. Slab:
e Flat Slab: A horizontal, flat RCC slab used in buildings for floors and roofs.
e One-Way Slab: A slab supported on two opposite sides and spanning in one direction.
e Two-Way Slab: A slab supported on all four sides, capable of spanning in both directions.

Fig. 3.1.12: Slab
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2. Beam:
e Simply Supported Beam: A beam supported on both ends.
o Cantilever Beam: A beam supported at one end, with the other end projecting horizontally.

e Continuous Beam: A beam supported on more than two points, creating multiple spans.

Fig. 3.1.13: Beam

3. Column:
e Rectangular Column: A column with a rectangular cross-section.

e Circular Column: A column with a circular cross-section.
e Tapered Column: A column that narrows or widens from top to bottom.

Fig. 3.1.14: Column

4. Footing:
e Isolated Footing: A shallow foundation supporting a single column.
e Combined Footing: A footing supporting two or more columns.
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e Strap Footing: A footing that connects two isolated footings to distribute loads.

Fig. 3.1.15: Footing

5. Wwall:
e Load-Bearing Wall: A wall that carries the structural load from above.
e Partition Wall: A non-load-bearing wall used to divide spaces within a structure.

e Retaining Wall: A wall used to retain soil or other materials.

Fig. 3.1.16: Wall

6. Staircase:
o  Straight Staircase: A staircase that goes straight up without turns.
e Spiral Staircase: A circular or helical staircase.
e L-Shaped Staircase: A staircase that turns at a right angle.
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7.

Fig. 3.1.17: Staircase

Lintel:

Reinforced Concrete Lintel: A horizontal structural element above doors and windows to sup-
port the load from above.

Fig. 3.1.18: Lintel

8. Slender Column:

Slender RCC Column: A column with a height-to-width ratio that requires additional
reinforcement to prevent buckling.
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Fig. 3.1.19: Slender column

9. Shear Wall:
o Shear Wall: A wall designed to resist lateral forces such as wind or seismic loads.
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Fig. 3.1.20: Shear wall

10. Pier:
o Bridge Pier: A vertical support structure for a bridge.
e Pile Cap: A thick RCC slab used to distribute loads from piles (deep foundations) to the ground.
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These are justig. few-axamples of the various RCC structures used in construction. Each structure serves
a specific purpose and is designed to meet the structural requirements of the building or project.
The design and construction of RCC structures require careful planning, engineering analysis, and
adherence to building codes and standards to ensure safety and durability.

— 3.1.7 Insertion and Fixing Sequence for different Types
of R.C.C Structures

The insertion and fixing sequence for reinforcing steel bars (rebar) in different types of RCC (Reinforced
Concrete Cement) structures involves specific methods and procedures. Below, I'll provide a general
overview of the process for various structural components, including slabs, beams, columns, footings,
walls, and staircases.

The bar bender and steel fixing operation typically follow these steps:

1. Slab:

o Insertion: Place rebar mesh or individual bars evenly spaced over the formwork, following the
structural engineer’s design specifications.

»  Fixing: Secure the rebar in place using rebar chairs or spacers to maintain the correct position
and cover. Tie intersections and overlaps with tie wire.

2. Beam:

e Insertion: Insert horizontal bottom bars and vertical stirrups (U-shaped bars) at beam locations,
ensuring they are correctly positioned.

o  Fixing: Secure the bars using rebar chairs, ensuring they maintain the specified spacing and
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clear cover. Tie intersections and overlaps with tie wire.
3. Column:

e Insertion: Place vertical bars (main reinforcement) in the column formwork according to
design specifications, leaving enough length for overlapping with beams or footings.

e  Fixing: Use rebar chairs or spacers to ensure proper positioning and alignment of the bars.
Secure overlaps with tie wire.

4. Footing:

e Insertion: Install horizontal bottom bars and vertical dowel bars (extending from columns or
walls) in the footing excavation.

»  Fixing: Use rebar chairs or supports to maintain the bars at the correct depth and spacing.
Connect dowel bars to vertical bars using appropriate couplers or lap splicing.

5. Wall:

e Insertion: Place horizontal and vertical rebar inside the wall forms, following design
specifications.

»  Fixing: Use rebar chairs or supports to maintain proper positioning and clear cover. Secure
intersections and overlaps with tie wire.

6. Staircase:

e Insertion: Install rebar in the stairwell structure, including the stair treads, risers, and any
structural components.

e  Fixing: Ensure that rebar is positioned correctly within the forms and adequately secured with

supports and tie wire.

In all cases, the process involves precise measurement, cutting, bending, and securing of rebar
according to the structural plans and drawings provided by the engineer. It’s crucial to maintain
the specified spacing, clear cover, and overlap lengths to ensure the structural integrity of the RCC
elements. Additionally, adherence to safety guidelines and quality control measures is essential to
guarantee the structural strength and durability of the finished concrete structures.

Calculation for Length of Bars:
Let’s say you need to calculate the length of a straight reinforcement bar (rebar) for a concrete column.
The specifications are as follows:

e Column height (H) = 3 meters
e Lapping length (L) = 50 centimeters
e Bend allowance (A) = 10 centimeters

e Diameter of rebar (d) = 16 millimeters
To calculate the total length of the rebar required, considering the lapping and bend allowance:

o Total Length=H+L+A

o Total Length =300 cm + 50 cm + 10 cm
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o Total Length = 360 centimeters or 3.6 meters
So, the required length of the rebar for the column is 3.6 meters.

Calculation for Beams and Slabs:

Let’s calculate the quantity of rebar required for the bottom reinforcement in a simply supported RCC
beam with the following specifications:

e Beam span (L) = 6 meters
e Width of the beam (b) = 0.3 meters
e Spacing of main reinforcement bars (s) = 15 centimeters

o Diameter of rebar (d) = 12 millimeters
To calculate the quantity of rebar required:

1) Calculate the number of bars required:
e Numberofbars(N)=(L/s)+1
e Number of bars (N) = (600 cm /15 cm) + 1
e Number of bars (N)=40+1
e Number of bars (N) = 41 bars

2) Calculate the total length of all bars:
o Total Length=NxL
o ootal Length = 41 bars x 600 cm
o Total Length = 24,600 centimeters or 246 meters

So, for the bottom reinforcement of the beam, you would need a total length of 246 meters of 12mm
diameter rebar.

Symbols for Drawing Conventions of Concrete Reinforcements:

Symbol Description Metric (SI)

) Diameter of the rebar

L Length of the rebar

A Bend allowance

Ld Development length

H Height or depth of the element (e.g., column)
b Width of the element (e.g., beam or slab)
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s Spacing between rebar

N Number of rebar bars

(0] Phi (used to represent angles or bending)
U Hook at the end of rebar (e.g., 90° bend)
g Hook at the end of rebar (e.g., 135° bend)
c/c Center-to-center spacing between rebars

Table 3.1.4: Symbols for drawing conventions of concrete reinforcements

Representation and Drawing Conventions of Concrete Reinforcements:

Representation Description

Rectangular Frame Represents a rectangular arrangement of rebars

Circular Frame Represents a circular arrangement of rebars

Double Lines Used to indicate overlapping or lapping of rebar

Bent Lines Represents bent or curved rebar segments

Hooked Ends Shows the presence of hooks or bends at rebar ends
Dashed Lines Used to indicate hidden or obscured rebar in the drawing
Spacing Annotations Indicates the spacing between rebar bars

Diameter Annotations Specifies the diameter of the rebar

Angle Annotations Indicates the angle or bend of the rebar

Stirrup Symbols Represents stirrups or ties used to hold rebars together
Bent Lines with Callouts Used for complex bends, angles, and callouts in the drawing

Table 3.1.5: Representation and drawing conventions of concrete reinforcements

These symbols and conventions are essential in RCC structural drawings to communicate the
placement, dimensions, and arrangement of reinforcements effectively.

— 3.1.8 Calculate the Deduction for Bends

The deduction for bends in reinforced concrete (RCC) or steel reinforcement bars (rebar) is typically
calculated to account for the length of the bend that doesn’t contribute to the effective length of the
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bar. This deduction helps ensure that the actual length of usable rebar or RCC matches the design
requirements.

The deduction for bends is often expressed as a percentage of the total length of the bar and is
determined based on the angle and radius of the bend. The deduction varies depending on industry
standards and design codes, but it’s typically in the range of 1% to 5% of the total bar length for
common bends.

The formula for calculating the deduction for bends is as follows:

Deduction = (6/360) x L x (K/100)
Where:
e Deduction is the length deduction due to the bend.

e Oisthe bend angle in degrees (360 degrees for a full circle, 180 degrees for a U-shaped bend,
etc.).

e Listhe total length of the rebar or RCC.
o Kis the bend factor or percentage deduction (usually between 1% and 5%).
For example, if you have a rebar with a total length of 10 meters and you are making a 90-degree bend
(6 =90 degrees) with a 3% deduction factor (K = 3), the deduction for the bend would be:
Deduction = (90/360) x 10 x (3/100) = 0.75 meters
So, the deduction for the bend in this case is 0.75 meters, meaning that the effective length of the
rebar after the bend would be 10 meters - 0.75 meters = 9.25 meters.

Keep in mind that the specific deduction factors and formulas may vary depending on local building
codes, standards, and project specifications. Always consult the applicable standards and codes for the
most accurate deduction calculations in your region.

Let’s understand with an example related to calculating the deduction for bends in a reinforced
concrete (RCC) structure:

Scenario:

You are a construction engineer working on a project that involves bending and installing rebar for a
column with a 90-degree bend. The rebar has a total length of 6 meters, and you need to calculate the
deduction for the bend based on a 2% deduction factor.

Given Data:
e Total length of rebar (L) = 6 meters
e Bend angle (B) =90 degrees
e Deduction factor (K) = 2%
Calculation:

Use the formula for calculating the deduction for bends:
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Deduction = (6/360) x L x (K/100)
First, calculate the deduction:
e Deduction = (90/360) x 6 meters x (2/100)
e Deduction = (0.25) x 6 meters x (0.02)
e Deduction = 0.03 meters (or 30 millimeters)

So, the deduction for the 90-degree bend in the 6-meter rebar, using a 2% deduction factor, is 30
millimeters. This means that the effective length of the rebar after the bend would be 6 meters - 30

millimeters = 5.97 meters.

This calculation ensuresthat the rebar’s lengthis adjusted to account for the portion of the bar consumed
by the bend, which is important for accurate placement and adherence to design specifications in the

construction project.

3.1.9 Cover to Reinforcement

Cover to reinforcement is required to protect the rebar from corrosion and to provide resistance against
fire. The thickness of cover depends on environmental conditions and type of structural member. Then
you need to know how much cover to provide to reinforcement. This will be required while calculating
the length of the bar. Length of the bar will be (Total Length of the span — cover on both the sides).

For shear stirrups, nominal cover is 30 mm for moderate exposure conditions and 20 mm for mild
exposure conditions.

Nominal cover to ties and helical reinforcement for column must not be less than 40 m and nor less
than the longitudinal bar diameter.

Minimum cover for footings is 50 mm.

Nominal cover to meet durability requirements

Exposure Nominal concrete cover in mm not less than
Mild 20
Moderate 30
Severe 45
Very severe 50
Extreme 75

Table 3.1.6: Nominal cover to meet durability requirements

Let’s understand an example related to the cover to reinforcement requirement in a reinforced
concrete (RCC) beam:
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Scenario:

You are constructing an RCC beam for a residential building in a non-corrosive environment. The
design specifications require a minimum cover to reinforcement of 25 millimeters (1 inch). You need
to calculate the clear span length of the beam between the supports while taking into account the
cover requirement.

Given Data:

e Minimum cover to reinforcement (C) = 25 millimeters (1 inch)

e Total depth of the beam (D) = 300 millimeters (12 inches)

o Diameter of the main reinforcement bars (rebar) = 16 millimeters (0.625 inches)
Calculation:

The clear span length (L) of the beam can be calculated by subtracting twice the cover (2C) from the
total depth (D):

L=D-2C
e L=300mm-2x25mm
e L=300mm-50mm
e L=250millimeters

So, the clear span length of the RCC beam, while maintaining the required cover to reinforcement of
25 millimeters, is 250 millimeters (or 0.25 meters).

This calculation ensures that the rebar inside the beam is adequately covered with concrete to protect
it from environmental factors and provide the required structural strength. The clear span length of
250 millimeters allows for a safe and durable construction of the beam in this scenario.

3.1.10 Calculate the Cutting Length for Stirrups of
various Shape (Square, Rectangle, Circle)

The cutting length for stirrups (also known as links or ties) in reinforced concrete (RCC) structures can
vary depending on the shape of the stirrup and the specific structural requirements of the project.
Here, I'll provide formulas for calculating the cutting length of stirrups for three common shapes:
square, rectangle, and circle.

1) Square Stirrups:

For square stirrups, the formula to calculate the cutting length is straightforward. Assuming
“a” is the side length of the square stirrup, and “n” is the number of bends (typically 2 for square
stirrups), the cutting length (L) can be calculated as:

L=4a+2d
Where:

o Listhe cutting length of the square stirrup.
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e aisthe side length of the square.
e disthe diameter of the rebar being used.
2) Rectangular Stirrups:

For rectangular stirrups, you need to calculate both the perimeter of the rectangle (P) and the
total length of all the sides (S). The cutting length (L) can be calculated as:

L=P+S-2d

Where:
o Listhe cutting length of the rectangular stirrup.

e P is the perimeter of the rectangle, which is equal to 2 times the sum of the length
and width (P =2 * (length + width)).

o Sis the total length of all the sides, which is equal to 2 times the length plus 2 times
the width (S = 2 * length + 2 * width).

o dis the diameter of the rebar being used.

3) Circular Stirrups:
For circular stirrups, you need to calculate the circumference of the circle (C) using the formula:

C=n*d
Where:

e Cis the circumference of the circle.
e T1is the mathematical constant Pi (approximately 3.14159).

e dis the diameter of the rebar being used.

The cutting length (L) for the circular stirrup is then equal to the circumference:
L=C
These formulas provide a basis for calculating the cutting length of stirrups of different shapes in

RCC structures. Keep in mind that specific projects and design requirements may have additional
considerations, and it’s important to adhere to local building codes and engineering standards when

determining stirrup lengths for construction.

Bar Shapes Total Length of Total Bend Total Length of
Hooks Length Bar
Straight Bar Two Hooks No bend | +18D
=9d +9d
Diameter ad =18d
™)

.,-
e
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Bent Up at one End only Two Hooks One bend |+18D +0.42D
x'f—“’—é- =9d +9d bent at an
¥ =18d angle 45
1]
+
=0.42D
Sét— —
; 1
Double Bent up Bar Two Hooks Two bends |+18D +0.42D +
I g+ 9d ] 0.42D
!,‘:_[Ttﬂ?]_‘Lt =9d+9 ent atan
= |+18D+0.84D
=18d angle 450
% ﬁ
P — —x—r
Ly J |
Overlap of bars Two Hooks No bends Overlap Length
=9d +9d = (40d to
45d)+18d
=18d
la sl
" sodtosod

Table 3.1.7: Bar shapes
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— QR Codes

Scan the QR code to watch the video

https://youtu.be/X8sE2kR-kBI

BBS Basic Concept
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UNIT 3.2: Bar Bending Schedule

— Unit Objectives (©

At the end of this unit, you will be able to:

1. Calculate the number of bars, chair and spacer from drawing and bar bending schedule.

2. Calculate the cutting length for various shapes of reinforcement bars (L-shape, U-shape) from
sketches, drawing and bar bending schedule.

3. Interpret bar bending schedule to confirm details such as diameter, shape, and location of
reinforcement bar, cutting length, cover to reinforcement bar, bar description, number of bars,
bend of reinforcement bar, etc., within the allotted time.

4. Interpret the BBS and estimate quantity of reinforcement work for relevant RCC structure within
the allotted time.

— 3.2.1 Bar Bending Schedule

A Bar Bending Schedule (BBS) is a comprehensive document used in construction and civil engineering
projects to provide detailed information about the reinforcement steel bars (rebar) used in reinforced
concrete structures. The BBS is typically prepared by structural engineers or drafters and serves as a
crucial reference for construction workers and contractors. It includes the following key information:

1. Project Information: The BBS starts with project details, including the project name, location,
client’s name, architect’s name, structural engineer’s name, and project reference number.

2. Drawings and Plans: The BBS references the structural drawings and plans where the
reinforcement details are indicated. This ensures that the reinforcement corresponds
accurately to the structural design.

3. Bar List: The BBS provides a comprehensive list of all the different types and sizes of rebars
required for the project. Each type of rebar is listed separately, and the list includes the
following details:

e Bar number or identification code.
o Bar diameter (@).

e Barlength or cut length.

e Quantity required.

o Total length for each type of rebar.

4. Bar Bending Details: This section of the BBS specifies how each type of rebar should be
bent and shaped. It includes detailed bending dimensions, angles, and bending radius for
each type of bend required. These details ensure that the rebars are correctly shaped and
positioned during construction.
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5. Location and Placement: The BBS provides information on where each type of rebar should be

placed within the structural elements, such as columns, beams, slabs, footings, and walls. This
includes details about cover to reinforcement, spacing between rebars, and lapping lengths

where applicable.

6. Material Specifications: Information about the grade, quality, and type of reinforcement steel
used in the project is typically included in the BBS. This ensures that the specified materials
meet the required standards and codes.

7. Special Instructions: If there are any special instructions or notes related to the reinforcement
work, they are included in this section of the BBS. These instructions may pertain to specific
construction methods, tolerances, or quality control requirements.

8. Quantities and Totals: The BBS calculates and provides the total quantities of each type of
rebar required for the entire project. It also includes subtotals for each structural element,
making it easier for construction teams to order and manage the materials.

A well-prepared Bar Bending Schedule is essential for ensuring the accurate and efficient construction
of reinforced concrete structures. It helps minimize errors, provides a clear reference for construction
teams, and ensures that the structural integrity and safety standards are maintained throughout the

project.

— 3.2.2 Bar Bending Schedule

A Bar Bending Schedule (BBS) is a comprehensive document used in construction and civil engineering
projects to provide detailed information about the reinforcement steel bars (rebar) used in reinforced
concrete structures. The BBS is typically prepared by structural engineers or drafters and serves as a
crucial reference for construction workers and contractors. It includes the following key information:

Dia. of| Na. of Mo.of Cutting Il s ¢ il S shape
I::"'!' Discription of Elements .h"’ _“"‘“!W "I;:-I ety /‘J I !
| —
Ramp
| 1 [RB10(600%650) :
E |Stirrups
Col - Col . =
i 16| 1 | 82| 82 | 2460 |550] 600 | 550 | 600 | 240 =) 124.51:
10-| 2 | 82 [ 164 | 1660 [150] 600 | 150 | 600 | 240 [ | 168.04
Col - Col E
T 104| 1 | 86 | 86 | 2460 |550| 600 | 550 | 600 | 240 130.593
10¢] 2 | 86 |172| 1660 |150| 600 | 150 | 600 | 240 | 1 176.247
Col - Col z
——151-6L 10-4] 1 | 44 | 44 | 2460 |550| 600 | 550 | 600 | 240 65._81_5.
10| 2 | 44 | 88 | 1660 |150| 600 | 150 | 600 | 240 =) 90.173
1 ‘iﬁ{suutggol ]
E |[Stirrups =
Col - Col 5
P | 1w0-p] 1 | 72| 71 | 1860 |250] 600 | 250 | 600 | 240 | | == 81519
10| 1 | 71| 71 | 1860 |250| s00 | 250 | 600 | 240 | () 81.519
Cal - Col :
L lss-21L 10| 1 |32 | 32 | 1860 [250] 600 | 250 | 600 | 240 | [ = 36741
10| 1 [32] 32| 1860 |250] 600 | 250 | 600 | 240 | 36741

Fig. 3.2.1: Bar bending schedule
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— 3.2.3 Calculate Number of Bars, Chair and Spacer from
Drawing and Bar Bending Schedule

To calculate the number of bars, chairs, and spacers required based on a drawing and bar bending
schedule (BBS), you'll need to follow these steps:

* Review the BBS and Drawing: Start by carefully reviewing the provided bar bending schedule
and the construction drawing. The BBS will specify the types, sizes, quantities, and placement
details of the reinforcement bars (rebar) required for the project.

+ Identify Types and Sizes of Rebar: From the BBS, identify the different types and sizes of rebar
required for various structural elements, such as columns, beams, slabs, etc.

e Countthe Number of Bars: Count the number of each type and size of rebar required according
to the BBS. This count represents the total number of bars needed for the project.

o Determine Chair and Spacer Requirements: Chairs and spacers are used to support
and maintain the correct positioning of the rebar within the concrete formwork. The
requirements for chairs and spacers depend on factors like the spacing between bars, cover to
reinforcement, and the specific structural elements. Review the BBS for details on chair and
spacer specifications.

o Calculate Chair and Spacer Quantities: Based on the BBS and drawing, calculate the quantity
of chairs and spacers required. This calculation should consider factors like the spacing
between bars, the height of the chairs or spacers, and the number of rebar layers. The formula
for calculating the quantity of chairs or spacers often depends on the design and construction
standards specific to the project.

o Verify the Calculations: Double-check your calculations to ensure accuracy. It’s crucial to get
the counts and quantities right to avoid shortages or wastage of materials during construction.

¢ Procurement and Installation: Once you have determined the number of bars, chairs,
and spacers required, you can proceed with procurement and installation. Ensure that the
materials and spacing adhere to the design specifications outlined in the BBS and drawing.

Fig. 3.2.2: Spacers and chairs
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It’s important to note that the specific requirements for chairs and spacers may vary based on local

building codes, design standards, and project specifications. Therefore, it’s essential to follow the

guidance provided in the BBS and adhere to any additional project-specific instructions or standards.

Let’s understand through a practical example of calculating the number of bars, chairs, and spacers

required based on a drawing and a simplified Bar Bending Schedule (BBS) for a reinforced concrete

beam:

Example:

Given Information:

e Drawing of a reinforced concrete beam.

e Asimplified BBS for the beam, specifying the following:

¢

Beam width (b): 300 millimeters (0.3 meters)

Beam height (h): 500 millimeters (0.5 meters)

Bar diameter (d): 12 millimeters

Spacing of main reinforcement bars (s): 150 millimeters (0.15 meters)
Chair height (C): 50 millimeters (0.05 meters)

Spacer length (S): 200 millimeters (0.2 meters)

Steps to Calculate:

1. Calculate the Number of Bars (N):

Use the formula to calculate the number of bars required for the bottom reinforcement:
N = (Length of beam / Spacing between bars) + 1
N = (500 mm /150 mm) + 1

N = 3.33 (round up to the nearest whole number)

You'll need 4 bars for the bottom reinforcement.

2. Calculate the Number of Chairs (Ch):
Chairs are used to support and maintain the correct positioning of the rebar within the concrete

formwork. To determine the number of chairs required, you’ll need to consider factors like the

length of the beam, the spacing between bars, and the chair height.

Ch = (Length of beam / Spacing between chairs) + 1

In this example, you need chairs every 200 mm along the length of the beam.

Ch = (500 mm /200 mm) + 1

Ch = 3.5 (round up to the nearest whole number)

You'll need 4 chairs to support the rebar.
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3. Calculate the Number of Spacers (Sp):
Spacers are used to maintain the correct cover to reinforcement. Similar to chairs, the number of
spacers required depends on the length of the beam and the spacing between spacers.

e Sp = (Length of beam / Spacing between spacers) + 1

In this example, you need spacers every 200 mm along the length of the beam.
e Sp=(500mm /200 mm)+1

e Sp=3.5(round up to the nearest whole number)
You'll need 4 spacers to maintain proper cover.

So, for this example, you would need:
e 4 bars for the bottom reinforcement.
e 4 chairs to support the rebar.
e 4 spacers to maintain cover.

These calculations help ensure that you have the correct quantities of bars, chairs, and spacers for the
construction of the reinforced concrete beam, as specified in the drawing and BBS.

— 3.2.4 Calculate Cutting Length for various Shapes
of Reinforcement Bars (L-shape, U-shape) from
Sketches, Drawing and BBS
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Fig. 3.2.3: Shapes of rebars
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Calculating the cutting length for various shapes of reinforcement bars, such as L-shape and U-shape,
involves determining the total length of rebar required for each specific shape based on the design
specifications provided in the bar bending schedule (BBS) and sketches. Below, I'll provide a step-by-
step guide on how to calculate the cutting length for these shapes:

1) Review the BBS and Sketches:

e Start by thoroughly reviewing the bar bending schedule (BBS) for the project. The BBS should
contain details about the reinforcement requirements, including the shapes of bars needed
for L-shape and U-shape configurations.

e Examine the sketches or drawings associated with these shapes to understand the dimensions
and bending details.

2) Identify the Types of Bars and Sizes:

« Identifythe specifictypesandsizes of rebar required for the L-shape and U-shape configurations
as specified in the BBS.

3) Calculate the Cutting Length for Each Type:
e For L-Shape:

¢ Calculate the cutting length for the vertical leg (L1) based on the height dimension in the
sketch.

¢ Calculate the cutting length for the horizontal leg (L2) based on the width dimension in
the sketch.

¢ Add the cutting lengths for L1 and L2 to obtain the total cutting length for the L-shape
rebar.

e For U-Shape:

¢ Calculate the cutting length for the vertical leg (L1) based on the height dimension in the
sketch.

¢ Calculate the cutting length for the bottom horizontal leg (L2) based on the width
dimension in the sketch.

¢ Calculate the cutting length for the top horizontal leg (L3) based on the distance between
the vertical legs.

¢ Addthe cutting lengths for L1, L2, and L3 to obtain the total cutting length for the U-shape
rebar.

4) Consider Bending Allowances:

o If the sketches or BBS specify any bending allowances (e.g., 10 cm), be sure to add these
allowances to the calculated cutting lengths for each shape.

5) Verify the Calculations:

e Double-check your calculations to ensure accuracy, especially when accounting for any
bending allowances.
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6) Procurement and Fabrication:

e Once you have determined the cutting lengths for the L-shape and U-shape reinforcement
bars, you can proceed with procurement and fabrication, ensuring that the rebars are bent to
the correct dimensions and shapes as specified in the calculations and drawings.

It’s essential to follow the specific dimensions, bending angles, and bending radii specified in the BBS
and sketches accurately to ensure that the fabricated reinforcement bars fit the design requirements
and provide the necessary structural support in the construction project.

) Inverted U-shaped rebar
Ribbed bottom rebgr

Steel U-section
et ] fe—2—f

(1) T-shaped section (b) F-shaped section (¢} I-shaped section

Fig. 3.2.4: Calculate cutting length for various shapes of reinforcement bars

Let’s understand the calculation of cutting lengths for L-shape and U-shape reinforcement bars with
practical examples and simple drawings.

Example: Calculation of Cutting Lengths for L-Shape and U-Shape Rebars
Given Information:

e Bar Bending Schedule (BBS) for a concrete column.
e Concrete column dimensions: Width (b) = 300 mm, Height (h) = 500 mm.
e Rebar diameter (d) = 12 mm.

Step 1: Review the BBS and Drawings:

e The BBS specifies that the column requires L-shape and U-shape reinforcement bars.
e Review the sketches or drawings to understand the dimensions and bending details.

Step 2: Identify Types and Sizes of Rebars:

e The BBS specifies that L-shape rebars require two 90-degree bends, and U-shape rebars re-
quire two 135-degree bends.

Step 3: Calculate Cutting Lengths:

e For L-Shape Rebar:
¢ \Vertical Leg (L1): Based on the column’s height (h), L1 = h =500 mm.
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¢ Horizontal Leg (L2): Based on the column’s width (b), L2 = b =300 mm.

¢ Total Cutting Length for L-Shape Rebar = L1 + L2.

e For U-Shape Rebar:
¢ \Vertical Leg (L1): Based on the column’s height (h), L1 = h =500 mm.

¢ Bottom Horizontal Leg (L2): Based on the column’s width (b), L2 = b =300 mm.

¢ Top Horizontal Leg (L3): Based on the distance between vertical legs, L3 =b - (2 *
d) =300 mm - (2 * 12 mm) =276 mm.

¢ Total Cutting Length for U-Shape Rebar = L1 + L2 + L3.
Step 4: Consider Bending Allowances:

* No bending allowances specified in this example.

Step 5: Verify the Calculations:

o Verify the calculated cutting lengths based on the column dimensions and bending details.

Step 6: Procurement and Fabrication:

e Order rebar of the required diameter.

e Fabricate L-shape and U-shape rebars with the calculated cutting lengths and bend angles.

— 3.2.5 Interpret Bar Bending Schedule to Confirm Details —
within the Allotted Time

Interpreting a Bar Bending Schedule (BBS) is crucial for confirming the details related to reinforcement
bars in a construction project.

~d=10mm

8mm@12mm c-¢

L. =y

S )
50mm cover

Fig. 3.2.5: U-shape
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A BBS provides essential information to construction teams, including the diameter, shape, location,
cutting length, cover to reinforcement, bar description, number of bars, bend angles, and more.

Here’s how to interpret a BBS:
1. Diameter of Reinforcement Bars (@):

e Check the BBS for the specified diameter (@) of the reinforcement bars. This indicates the
thickness of the bars used in the project, typically measured in millimeters (mm).

2. Shape of Reinforcement Bars:

e Look for details about the shape of reinforcement bars, such as straight bars, L-shape,
U-shape, or any other custom shapes. The BBS will specify the shape required for differ-
ent structural elements.

3. Location of Reinforcement Bars:

e Review the BBS to identify the placement locations of the reinforcement bars within the
project. It should specify where each type and size of rebar should be positioned, such as
within columns, beams, slabs, etc.

4. Cutting Length:

e o0 Determine the cutting lengths for each type and size of reinforcement bar. These
lengths indicate how long each bar needs to be cut before installation. Ensure that the
cutting lengths match the project’s design and dimensions.

5. Cover to Reinforcement Bars:

e Check for information about the cover to reinforcement. This specifies the distance be-
tween the surface of the concrete and the outermost layer of reinforcement. Cover is
essential for protecting the reinforcement from environmental factors and ensuring du-
rability.

6. Bar Description:

e Read the bar description in the BBS to understand the type of rebar, its purpose, and any
special instructions. The description might include details like “Main Bars,” “Distribution
Bars,” or “Stirrups.”

7. Number of Bars:

o Verify the quantity of each type and size of reinforcement bar required for the project.
The BBS should specify the total number of bars needed for each category.

8. Bend of Reinforcement Bars:

e Examine the BBS for information about the bending requirements of the bars. This in-
cludes the bend angles (e.g., 90 degrees, 135 degrees), the number of bends per bar, and
any specific bending instructions.

9. Additional Details:

e Be attentive to any additional information provided in the BBS, such as lap lengths, hooks,
splice details, bar spacing, and clear cover requirements.
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10. Confirmation:

e Confirm that the information in the BBS aligns with the project’s design specifications and
drawings. Any discrepancies or questions should be clarified with the project engineer or

designer.

11. Work Within the Allotted Time:

e Ensure that the construction team follows the BBS accurately and completes the
reinforcement work within the specified time frame to maintain project timelines and

quality standards.

Interpreting a BBS accurately is crucial for the successful execution of a construction project, as it
guides the placement and configuration of reinforcement bars, ensuring the structural integrity and

safety of the final structure.

— Interpret the BBS and estimate Quantity of
Reinforcement Work for relevant RCC
Structure within the Allotted Time

Fig. 3.2.6: Estimate quantity of reinforcement work for relevant RCC structure
Interpreting a Bar Bending Schedule (BBS) and estimating the quantity of reinforcement work for a

relevant Reinforced Concrete (RCC) structure within the allotted time is essential for project planning
and execution. Here are the steps to do so effectively:

1. Review the BBS: Start by thoroughly reviewing the BBS provided for the RCC structure. The
BBS should contain detailed information about the types, sizes, shapes, and placement of re-
inforcement bars, as well as other essential details.




2. Identify the Structure: Determine the specific RCC structure for which the reinforcement work

is required. It could be a slab, beam, column, footing, wall, or any other structural element.
Each element may have different reinforcement requirements.

3. Understand the Specifications: Pay close attention to the specifications and details provided
in the BBS. This includes the diameter (@) of reinforcement bars, bar shapes (straight, bent,
L-shape, U-shape, etc.), spacing between bars, cover to reinforcement, and any special in-
structions.

4. Calculate the Quantity: Based on the BBS information, calculate the quantity of each type and
size of reinforcement bar required for the specified RCC structure. This involves counting the
number of bars, considering the length and spacing details, and accounting for any overlap or
lap lengths.

5. Consider Bending and Fabrication: If the BBS specifies bars with bends or custom shapes
(e.g., hooks, bends, stirrups), ensure that you calculate the quantity of these fabricated bars
accurately. Pay attention to the bending dimensions, angles, and bending radii.

6. Calculate Cutting Lengths: Determine the cutting lengths for each type of reinforcement bar,
as specified in the BBS. Cutting lengths are crucial for preparing the bars before installation.

7. Verify Total Quantities: Double-check your calculations to ensure the accuracy of the total
guantities of reinforcement bars required for the RCC structure.

8. Account for Time: Assess the allocated time for the reinforcement work. Ensure that your
estimation allows for the completion of the work within the given time frame. If the time is
limited, consider optimizing work processes or allocating additional resources.

9. Plan Resources: Based on the estimated quantity of reinforcement work and the allotted time,
plan the necessary resources, including labor, equipment, and materials. Ensure that you have
an adequate supply of reinforcement bars in the required sizes and shapes.

10. Coordinate with the Construction Team: Communicate the reinforcement requirements and
schedule to the construction team. Coordinate with the team to ensure that they understand
and execute the reinforcement work accurately and efficiently.

11. Quality Assurance: Implement quality control measures to verify that the reinforcement work
meets the design specifications and quality standards. This includes checking the dimensions,

placement, and cover of reinforcement bars.

12. Monitor Progress: Continuously monitor the progress of the reinforcement work to ensure
that it stays on schedule. Make adjustments as needed to meet project milestones and dead-
lines.

By following these steps, you can effectively interpret the BBS, estimate the quantity of reinforcement
work required for the RCC structure, and plan and execute the work within the allotted time frame,
contributing to the successful completion of the project.
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Procedure to arrive at the length of Hooks and the total length of a given Steel Reinforcement:
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Fig. 3.2.7: Procedure to arrive at the length of hooks and the total length of a given steel reinforcement

Any BBS has only five steps of calculation such as:
e Find the number of reinforcement bars to be used
e  Find the cutting length of each bar
e Find the number of stirrups calculation or number of distribution bars calculation if it is a slab
e Find the cutting length of stirrups or extra bars (top rods)

o List down all the bars into the table and find out the quantity of steel.

Before preparing, make sure to follow the below guidelines:

e Every RCC structural element should have a separate BBS. Do not group them as one.
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Ensure to follow the IS guidelines for bending, hook length, lap length & development length
calculations.

It would be handy if you memorize the unit weight of steel bars.

Ensure the estimation by thumb rule calculations of steel reinforcement for different structur-

al members.

Keep Bar Bending Shape Codes handy for easy reference.
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— Exercise |Bf

Answer the following questions:
Short Questions:
1. What details can you find in a reinforcement drawing?

2. Which grade of reinforcement bars is typically used for high-strength applications in
construction?

3. Whatis the recommended insertion and fixing sequence for reinforcement in a concrete slab?
4. What are two ways to minimize the wastage of reinforcement steel in construction?

5. How can you estimate the quantity of reinforcement work for a specific RCC structure within
the allotted time?

Fill-in-the-Blanks:

1. Chairs are used in construction to support and maintain the correct positioning of

a) Rebar b) Concrete
2. Binding wires are commonly used in construction to securely reinforcement
bars.

a) Bend b) Tie

3. Convert 150 millimeters to inches:

a) 5.91 inches b) 15.00 inches

4. To convert meters to feet, multiply by

a) 3.28 b) 12
5. The BBS (Bar Bending Schedule) provides information about reinforcement details within a
construction project, including the diameter, shape, and of reinforcement bars.

a) Location b) Weight

True/False Questions:
1. True or False: The spacing between reinforcement bars is specified in a reinforcement drawing.

2. True or False: Reinforcement bars come in various diameters, and the choice depends on the

specific structural requirements.

3. True or False: Unit conversion is essential when working with reinforcement steel, as it helps

ensure accurate measurements.

4. True or False: Deduction for bends is the extra length added to reinforcement bars to

accommodate bending.

5. True or False: Interpreting a Bar Bending Schedule (BBS) is not necessary for successful

construction projects.
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— QR Codes

Scan the QR code to watch the video

o

https://youtu.be/zGID7coCF0Q

Bar Bending schedule



https://youtu.be/zGJD7coCF0Q
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Key Learning Outcomes |

At the end of this module, you will be able to:

1.

A

10.

11.
12.
13.

List the hand and power tools used for measuring, marking, cutting, and bending of reinforcement
bars.

Arrange the tools and required material resources.
Explain the use of CNC machine for reinforcement works.
Recognize accessories used for reinforcement cutting and bending machine.

Select accessories to be fixed on the bending machine based on the diameter of reinforcement
bar, shape and angle of the bend etc.

Describe the method of placing reinforcement bars in different types of machine, for cutting and
bending.

Demonstrate the use of marking tools to mark cutting length on reinforcement bars.

Demonstrate the use of hammer and chisel, cutting machine, and other cutting tools to cut
reinforcement.

Demonstrate the use of bending lever and bending machine to bend reinforcement bar as per
shape and dimension given in BBS.

Explain the importance of maintaining correct body posture while cutting and bending the
reinforcement bars.

Describe the standard procedure for tagging and stacking of reinforcement bars.
Demonstrate tagging and stacking of reinforcement bars as per standard procedure.

List the electrical safety measures to be adopted while working with power tools.
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Unit 4.1: Reinforcement Bars

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Know about rebars
2. Know about classification of rebars

3. Calculate diameter and unit weight of bars

— 4.1.1 Reinforcement Bars

Reinforcement bars, commonly referred to as rebar, play a crucial role in reinforcing concrete structures,
adding strength and durability to them.

Fig. 4.1.1: Reinforcement bars

Reinforcement bars, or rebar, are steel bars or mesh typically made from carbon steel. They come
in various shapes and sizes, including round, square, and deformed. Deformed bars have ridges or
deformations on their surface to provide better adhesion with concrete.

Uses of Steel Reinforcement:

Rebar is used extensively in construction, primarily in reinforced concrete structures, where the
combination of concrete and steel offers several advantages:

a) Strengthening Concrete: One of the primary purposes of rebar is to increase the tensile
strength of concrete, as concrete is strong in compression but relatively weak in tension. By adding
steel reinforcement, concrete structures can withstand greater tensile and flexural loads.

b) Preventing Cracking: Rebar helps control cracking in concrete caused by temperature changes,
shrinkage, and other factors. It holds the concrete together, reducing the risk of cracks forming
and propagating.
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c) Improving Structural Integrity: In structures like bridges, buildings, dams, and foundations,
rebar is used to enhance the structural integrity and load-bearing capacity. It ensures that the
structure can support heavy loads and resist forces like wind, earthquakes, and traffic loads.

d) Extending Lifespan: Reinforced concrete structures tend to have a longer lifespan due to their
improved durability and resistance to environmental factors, such as corrosion.

Fig. 4.1.2: Uses of steel reinforcement

e) Concrete Reinforcement Types:

There are different types of rebar used in construction, including:

e Mild Steel Rebar (MSR): Commonly used for general construction purposes. It has a
smooth surface and is not designed for high-stress applications.

o High-Strength Reinforcement (HSR): These rebar types have higher tensile strength and
are used in applications where greater strength is required.

e Epoxy-Coated Rebar: Used in environments with high humidity or exposure to chemicals
to prevent corrosion.

e Stainless Steel Rebar: Utilized in situations where resistance to corrosion is crucial, such
as marine structures and chemical plants.

f) Placement and Installation:

Rebar is typically placed within concrete forms before pouring concrete. Proper placement
and spacing are critical to ensure the concrete and rebar work together effectively. Engineers
and architects design the rebar layout to meet the specific structural requirements of the
project.

In summary, steel reinforcement bars (rebar) are essential in construction for enhancing the strength,
durability, and longevity of concrete structures. They are versatile, coming in various types and sizes

to suit different applications, and they play a vital role in ensuring the structural integrity and safety of
buildings and infrastructure.
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— 4.1.2 Classification of Rebars

Reinforcement bars, commonly known as rebars, are classified based on various factors, including their
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shape, size, and material composition. The classification of rebars helps in specifying and selecting the
appropriate type of reinforcement for different construction applications.

Fig. 4.1.3: Type of reinforcement for different construction applications

Here are some common classifications of rebars:

Based on Shape:

Deformed Reinforcement Bars: These are the most commonly used type of rebars. They have
surface deformations or ribs that provide better adhesion with concrete, increasing bond
strength. Deformed rebars come in various shapes, including round, square, and hexagonal.

Plain Round Bars: These rebars have a smooth, plain surface without any deformations. They
are used in low-stress applications where the bond between concrete and reinforcement is
not a critical factor.

Based on Size:

Nominal Diameter: Rebars are often classified by their nominal diameter, which is measured
in millimeters or inches. Common sizes include #3 (3/8”), #4 (1/2"”), #5 (5/8”), and so on.

Rebar Size Designation: In some regions, rebars are designated by a specific number, where
the number represents the nominal diameter in eighths of an inch. For example, #4 rebar
corresponds to a 1/2-inch nominal diameter.

Based on Material Composition:

Carbon Steel Rebars: These are the most common type of rebars and are made from carbon
steel. They are suitable for a wide range of applications.
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e Stainless Steel Rebars: Stainless steel rebars are used in environments where corrosion
resistance is crucial, such as marine structures or chemical plants.

o Epoxy-Coated Rebars: These rebars have a protective epoxy coating that provides corrosion
resistance. They are commonly used in areas with high humidity or exposure to chemicals.

4. Based on Strength and Grade:

e Rebars are classified based on their tensile strength and grade. Common grades include Grade
40, Grade 60, and Grade 75, where the number represents the minimum tensile strength in
ksi (thousands of pounds per square inch).

5. Based on Application:

e Structural Rebars: These are used for general structural purposes in buildings, bridges, and
other infrastructure projects.

e Maesh or Fabric: Reinforcement mesh or fabric is often used in concrete slabs, sidewalks, and
pavements.

« High-Strength Rebars: These rebars have a higher tensile strength than standard rebars and
are used in applications where greater strength is required.

6. Based on Corrosion Resistance:

e Rebarscanbe classified based on their corrosion resistance properties, such as black (uncoated)
rebars, epoxy-coated rebars, and stainless steel rebars.

It’s important to consult local building codes, standards, and project specifications when selecting
the appropriate type and classification of rebars for a specific construction project. The choice of
rebar depends on factors such as structural requirements, environmental conditions, and budget
considerations.

— 4.1.3 Calculate Diameter and Unit Weight of Bars

To calculate the diameter and unit weight of a steel reinforcement bar (rebar), you’ll need to know the
nominal size (often referred to as the bar number or size designation) and the material composition
(usually carbon steel). The diameter and unit weight can vary based on the specific rebar size and the
density of steel, which is typically around 7850 kg/m? (or 0.00785 g/cm?).

diameter

Af-
Y

length

Fig. 4.1.4: Diameter and unit weight of bars
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Here’s how you can calculate the diameter and unit weight of a rebar:

1. Calculate the Diameter:

The nominal size or size designation of the rebar is typically given as a number followed by a “#”
symbol, such as #3, #4, #5, etc. This number represents the nominal diameter in eighths of an inch.
To calculate the actual diameter in millimeters, you can use the following formula:

Actual Diameter (mm) = (Nominal Size / 8) * 25.4
For example, let’s calculate the actual diameter of a #4 rebar:
e Actual Diameter=(4/8) * 25.4
e Actual Diameter = 12.7 mm

So, the actual diameter of a #4 rebar is approximately 12.7 millimeters.

2. Calculate the Unit Weight:

The unit weight of a rebar is the weight of one linear meter (or one foot, depending on your unit of
measurement) of the rebar. To calculate the unit weight in kilograms per meter (kg/m) for carbon steel
rebar, you can use the following formula:

Unit Weight (kg/m) = (it * Diameter”2 / 4) * Density
Where:

e Tt (pi) is approximately 3.1416
o Diameter is the actual diameter of the rebar in meters (convert from millimeters if necessary)

o Density is the density of steel, which is approximately 7850 kg/m3

Let’s calculate the unit weight of a #4 rebar:

o Diameter = 12.7 mm (convert to meters by dividing by 1000, so 0.0127 meters)
o Density = 7850 kg/m?

e Unit Weight = (t * 0.012772 / 4) * 7850

e Unit Weight = 0.396 kg/m

So, the unit weight of a #4 carbon steel rebar is approximately 0.396 kilograms per meter.

Keep in mind that this calculation assumes the rebar is made of carbon steel and that the density of
steel is approximately 7850 kg/m3.

The actual unit weight may vary slightly based on the specific steel composition and manufacturing
tolerances.
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— 4.1.4 General Precautions for use of Steel Bars in
Reinforcement

When using steel bars in reinforcement for concrete structures, it’s crucial to follow several general
precautions to ensure the safety, integrity, and durability of the construction project.

Fig. 4.1.5: Use of steel bars in reinforcement

Here are some key precautions to consider:

o Adherence to Codes and Standards:

¢ Follow local building codes, standards, and engineering specifications.
¢ Compliance with regulations is essential for safety and integrity.

e Quality Assurance:

¢ Use certified steel bars that meet specified standards.
¢ Ensure proper labelling and quality from reputable manufacturers.

e Storage and Handling:

¢  Store steel bars in dry, clean areas to prevent corrosion.

¢+ Keep them off the ground to avoid moisture and contaminants.
¢ Store different sizes/types separately and label them clearly.

¢ Handle bars carefully during transportation to prevent damage.

e Cutting and Bending:

¢ Use appropriate tools for cutting and bending.
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¢ Ensure accuracy according to project specifications.
¢+ Follow bending schedules and techniques to prevent damage.

Lap Splicing and Overlapping:

+ Follow engineering design for lap splicing or overlapping.
¢ Properly secure and tie bars to maintain alignment and spacing.

Placement and Alighment:

¢ Place bars accurately according to drawings and designs.
¢ Maintain proper clear cover as specified.
¢ Use spacers and chairs for proper positioning.

Protection Against Corrosion:

¢ Use corrosion-resistant rebars in corrosive environments.
¢ Ensure the concrete mix offers corrosion protection.

Concrete Pouring:

¢ Coordinate with concrete teams for even and careful pouring around the rebars.

Inspect and Test:

¢ Regularly inspect rebars for correct installation and alignment.
¢ oConduct non-destructive testing when required for hidden defects.

Documentation and Record-Keeping:

¢+ Maintain records of rebar installation, including type, size, location, and inspection
results.

Safety Measures:
Implement safety measures for worker protection during rebar handling.

Provide appropriate personal protective equipment (PPE).
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— Notes |E

— QR Codes

Scan the QR code to watch the video

https://youtu.be/IQbKY g-DN8s

Types, Grades, and Diameters of

Reinforcement Bars



https://youtu.be/lQbKYg-DN8s
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UNIT 4.2: Tools and Machines required

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Listthe hand and power tools used for measuring, marking, cutting, and bending of reinforcement
bars.

2. Arrange the tools and required material resources.
3. Explain the use of CNC machine for reinforcement works.

4. List the electrical safety measures to be adopted while working with power tools.

—4.2.1 Hand Tools

Hand tools used for measuring, marking, cutting, and bending reinforcement bars (rebars) are essential
for ensuring accuracy and precision in construction projects. Here is a list of common hand tools used
for these purposes:

Measuring Tools:

o Tape Measure: A tape measure is used for measuring the length of rebars accurately. It should
have metric and imperial units for versatility.
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Fig. 4.1.1: Reinforcement bars

e Steel Rule: A steel rule is a rigid measuring tool used for precise measurements, particularly for
marking and cutting smaller sections of rebar.
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Fig. 4.2.2: Steel rule

o Calipers: Digital or vernier calipers are used to measure the diameter and thickness of rebars with
high precision.

Fig. 4.2.3: Calipers

Marking Tools:

e Chalk Line: A chalk line is used for making straight and level markings on rebars. It consists of a
string coated with chalk powder.

Fig. 4.2.4: Chalk line




Bar Bender and Steel Fixer

e Soapstone or Lumber Crayon: These are used for marking rebars with clear and easily visible lines.

Fig. 4.2.5: Soapstone or lumber crayon

e Marking Pen or Marker: Permanent markers or special markers designed for marking metal can
be used for labeling and marking rebars.

Fig. 4.2.6: Marking pen or marker

Cutting Tools:

e Rebar Cutter: A rebar cutter is a specialized tool designed for cutting rebars cleanly and efficiently.
It can be manual or hydraulic, depending on the thickness of the rebars.

Fig. 4.2.7: Rebar cutter
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o Bolt Cutters: Bolt cutters can be used for cutting smaller-diameter rebars. They provide leverage
for cutting through the steel.

Fig. 4.2.8: Bolt cutter

o Hacksaw: For cutting smaller sections of rebar or for making detailed cuts, a hacksaw with a suit-
able blade can be used.

Fig. 4.2.9: Hacksaw

Bending Tools:

o Rebar Bender: A rebar bender is a tool designed for bending rebars to the required shape and
angle. It can bend rebars of various diameters to specific angles, typically up to 90 degrees.

Fig. 4.2.10: Rebar bender
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e Manual Bending Tool: Simple manual bending tools, such as a pipe or rod, can be used for minor
bends or shaping of rebars.

Fig. 4.2.11: Manual bending tool

o Sledgehammer and Anvil: These tools can be used for bending rebars manually by applying force
over an edge or anvil.

Fig. 4.2.12: Sledgehammer

When using these hand tools for cutting and bending rebars, it’s essential to follow safety guidelines
and wear appropriate personal protective equipment (PPE), including safety glasses, gloves, and

hearing protection if necessary. Additionally, ensure that the tools are in good condition and properly
maintained for accurate and safe use.
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— 4.2.2 Power Tools

Power tools can significantly enhance the efficiency and speed of tasks involving measuring, marking,
cutting, and bending reinforcement bars (rebars) in construction projects. Here are some power tools
commonly used for these purposes:

Measuring and Marking:

Laser Distance Measurer: Laser distance measurers provide fast and precise measurements over long
distances, which can be useful for measuring rebar lengths accurately. Some models also include built-
in levelling features for marking level lines.

Rotary Laser Level: Rotary laser levels are used for establishing level lines and elevations accurately
over long distances. They can help in marking reference lines for rebars.

Cutting:

¢ Rebar Cutting Machine: Rebar cutting machines are powered tools designed specifically for cutting
rebars quickly and efficiently. They come in various sizes and can handle different rebar diameters.

Fig. 4.2.13: Rebar cutting machine

o Angle Grinder with Cutting Wheel: Angle grinders fitted with cutting wheels or abrasive blades can
be used for cutting rebars. They are versatile and can cut through both small and large diameter
rebars.
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Fig. 4.2.14: Angle grinder with cutting wheel

e Cordless Metal Cutting Saw: Cordless metal cutting saws are portable and convenient tools for
cutting rebars. They are especially useful for remote or off-site cutting tasks.

Fig. 4.2.15: Cordless metal cutting saw

Bending:

» Rebar Bending Machine: Rebar bending machines are power tools that can accurately and quickly
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bend rebars to the desired shapes and angles. They come in various sizes and can handle different

rebar diameters.

Fig. 4.2.16: Rebar bending machine

e Cordless Rebar Bender: Cordless rebar benders are portable tools that provide flexibility in bend-
ing rebars on-site without the need for a power source.

Fig. 4.2.17: Cordless rebar bender
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e Hydraulic Rebar Bender: Hydraulic rebar benders are heavy-duty tools capable of bending larger
diameter rebars efficiently. They are commonly used in industrial and commercial construction.

Fig. 4.2.18: Hydraulic rebar bender

Combination Tools:

e Rebar Cutter/Bender Combination: Some power tools are designed to both cut and bend rebars,
offering versatility and efficiency in one unit.

Fig. 4.2.19: Rebar cutter/bender combination
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When using power tools for cutting and bending rebars, it is essential to follow safety guidelines and

wear the appropriate personal protective equipment (PPE), including safety glasses, hearing protection,
and gloves. Additionally, ensure that the tools are well-maintained, and operators are trained in their
safe and proper use to prevent accidents and ensure accuracy in construction tasks.

— 4.2.3Arrange the Tools and required Material Resources
for Bar Bending and Steel Fixing Works

Bar bending and steel fixing works in construction involve preparing and shaping reinforcement bars
(rebars) and securely placing them in concrete structures. Proper organization and access to the
necessary tools and materials are crucial for efficient and accurate work.

Here’s how you can arrange these resources:

Tools for Bar Bending and Steel Fixing:

e Hand Tools and Power Tools will be needed as per the Work requirement.

Materials and Resources:

o Rebars: Ensure you have an adequate supply of the required rebars in various sizes and types,

such as plain, deformed, epoxy-coated, or stainless steel, depending on project specifications.
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Fig. 4.2.20: Rebars

o Concrete Mix: Make sure the concrete mix is prepared according to design specifications and is
readily available for pouring.
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Binding Wire: High-quality steel tying wire for securing rebars at intersections and overlaps.

Fig. 4.2.21: Binding wire

Rebar Spacers and Chairs: These are used to maintain the correct spacing and positioning of re-
bars within the concrete formwork.

Fig. 4.2.22: Rebar spacers and chairs

Structural Drawings and Plans: Have access to detailed structural drawings and plans that indicate
the exact placement, sizes, and shapes of the rebars.
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o Safety Barricades and Signage: Use safety barricades to mark off work areas and ensure clear

signage for safety instructions.

o Storage and Work Area: Allocate a designated storage area for rebars and a clean, well-organized
work area with proper lighting and ventilation.

e Supervision: Assign experienced supervisors or foremen to oversee the bar bending and steel fix-
ing work and ensure it is executed according to design specifications and safety guidelines.

e Waste Disposal: Arrange for proper disposal of waste materials, such as cut rebar ends, tie wire
clippings, and concrete debris.

Fig. 4.2.23: Waste disposal

e« Communication Equipment: Ensure clear communication among the team members through
walkie-talkies or other communication devices, especially in larger construction sites.

e  First Aid Kit: Have a well-stocked first aid kit on-site for any minor injuries or emergencies.

e Construction Vehicles and Equipment: If required, have access to equipment for material trans-
port, such as forklifts or cranes, to move heavy rebars.

Proper planning and organization of tools and materials are essential to ensure the quality, safety, and
efficiency of bar bending and steel fixing works in construction projects. Adequate supervision and
adherence to project specifications are also critical for successful execution.

— 4.2.4 Use of CNC machine for Reinforcement Works

CNC (Computer Numerical Control) machines have found applications in various fields, including the
construction industry, specifically in reinforcement works. The use of CNC machines in reinforcement
works offers several advantages, including precision, efficiency, and the ability to produce complex
shapes.
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Fig. 4.2.24: Use of CNC machine

Here’s an explanation of how CNC machines are used in reinforcement works:

Cutting and Bending Rebars:

e Rebar Cutting: CNC machines equipped with cutting tools can precisely cut reinforcement
bars to the required lengths. These machines can handle multiple bars simultaneously, ensur-
ing accuracy and reducing material waste.

e Rebar Bending: CNC rebar bending machines can bend rebars to precise angles and shapes
as per project specifications. They are capable of producing complex bending patterns quickly
and with high repeatability.

Customization and Complex Shapes: CNC machines can easily produce custom shapes and
complex patterns in rebars, which may be required for specialized structural elements. This level
of customization is challenging to achieve manually.

Accuracy and Consistency: CNC machines offer exceptional accuracy and consistency in cutting
and bending rebars. This precision ensures that the rebars meet the engineering and design
requirements, reducing the risk of errors in the construction process.

Time and Labor Savings: CNC machines can perform tasks that would be time-consuming and
labour-intensive if done manually. This efficiency leads to faster project completion and reduced
labor costs.

Reduction in Material Waste: CNC machines optimize the use of reinforcement material by cutting
and bending it with minimal waste. This can lead to cost savings and a more environmentally
friendly construction process.

Improved Safety: The use of CNC machines for reinforcement work can reduce the physical strain
on workers, as the machines handle the cutting and bending processes. This can contribute to
improved safety on construction sites.

Repetitive Production: In large-scale construction projects with a significant amount of
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reinforcement work, CNC machines can produce a high volume of accurately cut and bent rebars

consistently, ensuring uniformity throughout the project.

8. Data Integration: CNC machines can be programmed and integrated with design software and
construction management systems. This allows for seamless communication between the design
and manufacturing phases, reducing the potential for errors and discrepancies.

9. Quality Control: CNC machines can include built-in quality control features, such as sensors and
monitoring systems, to ensure that each rebar meets the specified standards and tolerances.

10. Versatility: CNC machines can be adapted to handle various rebar sizes, types, and shapes, making
them versatile tools for different construction projects.

Overall, the use of CNC machines for reinforcement works enhances the precision, efficiency, and
quality of construction projects, leading to safer and more cost-effective construction processes.
These machines are particularly valuable in large-scale construction projects where high volumes of
accurately cut and bent rebars are required.

— 4.2.5 Electrical Safety Measures to be adopted while
Working with Power Tools

Working with power tools can be hazardous, so it’s crucial to prioritize electrical safety to prevent
accidents and injuries.

Fig. 4.2.25: Electrical safety to prevent accidents and injuries

Here is a list of electrical safety measures to adopt while working with power tools:
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1. Inspect Tools Before Use:

o Before plugging in any power tool, inspect it for damaged cords, frayed wires, loose parts, or
any visible defects. Do not use damaged tools.

2. Use Ground Fault Circuit Interrupters (GFCls):

e« When working in wet or damp conditions or using power tools outdoors, use GFCls to protect
against electrical shock. GFCls immediately cut off power if they detect a ground fault.

3. Wear Appropriate Personal Protective Equipment (PPE):

e Wear non-conductive safety gear, such as rubber-soled shoes, gloves, and safety goggles, to
minimize electrical hazards.

Fig. 4.2.26: Wear non-conductive safety gear

4. Keep Work Areas Dry:

e Ensure that the work area is dry and free from standing water or moisture to reduce the risk
of electrical shock.

5. Use Tools with Three-Prong Plugs:

e Use power tools that have three-prong plugs, and plug them into grounded outlets. Avoid
modifying plugs to fit ungrounded outlets.

114 .




Participant Handbook

Fig. 4.2.27: Use power tools having 3-prong plugs

6. Avoid Overloading Circuits:

e Do notoverload electrical circuits by connecting too many tools to a single outlet or extension
cord. Check the tool’s amperage rating and use an appropriate extension cord and circuit.

7. Use Grounded Extension Cords:

e When using extension cords, make sure they are in good condition, rated for the intended use,
and have a three-prong plug. Unplug tools by pulling the plug, not the cord.

8. Disconnect Tools When Not in Use:

e When finished with a power tool, unplug it from the electrical outlet to prevent accidental
starts and conserve energy.

Fig. 4.2.28: Disconnect tools when not in use
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10.

11.

12.

13.

14.

15.

16.

Follow Manufacturer Instructions:

e Read and adhere to the manufacturer’s instructions for the safe operation and maintenance
of power tools.

Properly Ground Tools:

e Ensure that tools with metal housings are properly grounded to prevent electrical shocks.
Follow the manufacturer’s recommendations for grounding.

Use Residual Current Devices (RCDs):

e For additional protection, consider using portable RCDs (Residual Current Devices) that pro-
vide ground fault protection at the tool end of the extension cord.

Inspect Cords Regularly:

e Periodically inspect power cords for wear, damage, or exposed wires. Replace damaged cords
immediately.

Use Circuit Breakers and Fuses:

e Install circuit breakers or fuses of the appropriate rating in electrical panels to protect against
overcurrent and short circuits.

Fig. 4.2.29: Use circuit breakers and fuses

Keep Cords Away from Heat Sources:

« Avoid routing power cords near heat sources, sharp edges, or moving parts that could damage
the insulation.

Never Tamper with Tools or Electrical Components:

e Do not attempt to repair or modify power tools or electrical components unless you are a
qualified electrician or technician.

Avoid Using Tools in Wet Conditions:

e Do not use power tools in wet weather or when standing on wet surfaces. Use appropriate
weatherproofing and barriers to protect against moisture.
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17. Emergency Procedures:

e Ensure that all workers are familiar with emergency procedures, including how to shut off
power in case of an electrical incident or malfunction.

18. Training and Education:

e Provide training to workers on the safe use of power tools, electrical hazards, and emergency

response protocols.

By following these electrical safety measures, you can significantly reduce the risk of electrical accidents
while working with power tools, creating a safer work environment for yourself and your team.
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— QR Codes

Scan the QR code to watch the video

https://youtu.be/NIh1CXfw880

Hand and Power Tools
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UNIT 4.3: Reinforcement Cutting and Bending

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Recognize accessories used for reinforcement cutting and bending machine.

2. Select accessories to be fixed on the bending machine based on the diameter of reinforcement
bar, shape and angle of the bend etc.

3. Describe the method of placing reinforcement bars in different types of machine, for cutting and
bending.

4. Demonstrate the use of marking tools to mark cutting length on reinforcement bars.

5. Demonstrate the use of hammer and chisel, cutting machine, and other cutting tools to cut
reinforcement.

6. Demonstrate the use of bending lever and bending machine to bend reinforcement bar as per
shape and dimension given in BBS.

—4.3.1 Accessories used with Reinforcement Cutting and
Bending Machines

Reinforcement cutting and bending machines are commonly used in the construction industry to
process steel bars and rods for use in reinforced concrete structures. These machines help streamline
the fabrication of rebar, saving time and improving accuracy. Various accessories and tools can be used
in conjunction with these machines to enhance their functionality and efficiency.

Here are some common accessories and tools used with reinforcement cutting and bending machines:

e Cutting Blades: These precision blades are designed to cut steel bars cleanly and accurately. They
are typically made of high-speed steel or carbide to ensure a precise and clean cut.

Fig. 4.3.1: Cutting blades
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Bending Tools: Reinforcement bending machines come with a variety of interchangeable bending
tools or dies. These tools allow for the creation of different bend angles and shapes in steel bars,
catering to specific project requirements.

Fig. 4.3.2: Bending tools

Straightening Attachments: Some machines are equipped with attachments or rollers that aid
in straightening bent steel bars, ensuring they meet the required specifications before further
processing.

Fig. 4.3.3: Straightening attachments

Feeding and Support Mechanisms: These include rollers and guides that facilitate the smooth
feeding of steel bars into the machine and provide support during cutting and bending operations.
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Fig. 4.3.4: Feeding and support mechanisms

e Measurement and Marking Systems: Modern machines often feature integrated measurement
and marking systems. Operators can input precise dimensions, and the machine will accurately
mark the steel bars for cutting and bending.

Fig. 4.3.5: Measurement and marking systems

e Control Panels: User-friendly control panels or computer interfaces enable operators to easily
input specifications for cutting and bending, improving efficiency and accuracy.
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Fig. 4.3.6: Control panels

o Safety Features: Safety accessories, such as emergency stop buttons, protective guards, and
interlock systems, are vital for ensuring the safety of machine operators during operation.

Fig. 4.3.7: Safety accessories

e Waste Collectors: These accessories are used to collect and manage scrap or waste materials
generated during the cutting and bending process, helping maintain a clean and organized
workspac :

Fig. 4.3.8: Waste collectors
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e Lubrication Systems: To ensure smooth machine operation and extend its lifespan, lubrication

systems are used to maintain moving parts and reduce friction.

Fig. 4.3.9: Lubrication systems

e Material Handling Equipment: Cranes, forklifts, and other material handling equipment are
employed to transport and load steel bars onto the machine, improving efficiency and reducing
manual labour.

Fig. 4.3.10: Material handling equipment

e Maintenance and Repair Tools: Routine maintenance and repairs require various hand tools
and equipment, such as wrenches, grease guns, and welding equipment, to keep the machine in
optimal working condition.
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Fig. 4.3.11: Grease guns

» Safety Gear: Operators and workers must wear appropriate safety gear, including gloves, safety
glasses, and ear protection, to ensure their safety when working with reinforcement cutting and
bending machines.

Fig. 4.3.12: Safety gear during work

These accessories and tools play a crucial role in enhancing the efficiency and safety of reinforcement
cutting and bending machines, ensuring that steel bars are processed accurately and in accordance
with project specifications in construction applications.
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—4.3.2 Selection of Accessories for Reinforcement Cutting
and Bending Machines
The selection of accessories for a bending machine is indeed influenced by factors such as the diameter

of the reinforcement bar, the desired shape of the bend, and the angle of the bend.

Here’s a guideline on which accessories to consider based on these factors:

1. Bending Tools (Dies):

o Diameter: Choose bending dies that match the diameter of the reinforcement bar you’re
working with. There should be different dies available for various bar sizes.

¢ Shape: Select bending dies that correspond to the desired bend shape. Common shapes in-
clude 90-degree bends, 135-degree bends, and stirrup bends.

¢ Angle: Depending on the angle of the bend required, you may need specific dies designed for

acute or obtuse angles.

Fig. 4.3.13: Dies

2. Straightening Attachments:
o Diameter: Ensure that the straightening attachments can accommodate the diameter of the
reinforcement bar you’re using.
o Length: Choose attachments that match the length of the bars you are working with; as differ-

ent machines may have varying straightening capabilities.

™

Fig. 4.3.13: Dies
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3. Feeding and Support Mechanisms:

o Diameter: The feeding and support mechanisms should be adjustable to handle different bar
diameters. Ensure they can accommodate the largest diameter you plan to work with.

4. Measurement and Marking Systems:

o Diameter and Length: These systems should be adaptable to various bar diameters and
lengths. Make sure they are accurate and easily adjustable.

5. Control Panels:

e Programming: The control panel should allow you to input specific dimensions, including bar
diameter and desired bend angles.

6. Safety Features:

e Universal: Safety features like emergency stop buttons and guards should be standard and not
dependent on the bar’s characteristics.

7. Waste Collectors:

e Universal: The waste collector setup is generally not dependent on the bar’s characteristics. It
should effectively collect scrap regardless of the bar diameter.

When selecting accessories, it’s important to check the compatibility with your bending machine
model and verify that the accessories are designed for the type of reinforcement bar and bending
operations you’ll be performing. Additionally, consulting the machine’s user manual or contacting the
manufacturer for specific accessory recommendations based on your needs can be beneficial.

4.3.3 Method of Placing Reinforcement Bars in different
Types of Machine, for Cutting and Bending

Placing reinforcement bars in machines for cutting and bending is a critical step in the construction
process, as it directly impacts the accuracy and efficiency of the fabrication. The method may vary
depending on the type of machine you are using.

Below, I'll describe the general method for placing reinforcement bars in different types of machines:

1) Manual Reinforcement Cutting and Bending Machines:

Step 1: Measurement and Marking: Measure and mark the reinforcement bars according to the
required dimensions and bend angles using a measuring tape, a square, and chalk or a marker.

Step 2: Loading: Place the marked reinforcement bar horizontally on the machine’s worktable,
ensuring it aligns with the cutting or bending blades and the reference points.

Step 3: Cutting or Bending: Depending on the operation, engage the cutting or bending mechanism
manually by operating the machine’s lever or handle. Apply consistent pressure while ensuring
the bar remains aligned with the markings and guides.

Step 4: Unloading: Once the cutting or bending is complete, remove the processed reinforcement
bar from the machine carefully.
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Fig. 4.3.15: Manual reinforcement cutting and bending machine

2) Automatic Reinforcement Cutting and Bending Machines:

Step 1: Input Parameters: Input the required dimensions, bend angles, and other specifications
into the machine’s control panel or computer interface.

Step 2: Feeding: Load the reinforcement bar onto the machine’s feeding mechanism, ensuring it’s
positioned correctly for processing.

Step 3: Automation: Start the machine, and it will automatically feed, cut, and bend the bar
according to the programmed parameters.

Step 4: Unloading: Once the machine finishes the operation, the processed bar will be automatically
unloaded or can be manually removed from the machine.

Fig. 4.3.16: Automatic reinforcement cutting and bending machine

3) CNC Reinforcement Cutting and Bending Machines:

Step 1: Programming: Create a computer-aided design (CAD) file or program that specifies the
dimensions, shapes, and angles for cutting and bending the reinforcement bars.
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Step 2: Loading: Load the reinforcement bars into the machine’s input area. Input the program or
CAD file into the CNC controller.

Step 3: Automation: Initiate the CNC machine, and it will automatically perform the cutting and
bending operations based on the programmed instructions.

Step 4: Quality Control: After processing, inspect the bars for accuracy and quality. Make any nec-
essary adjustments to the CNC program if deviations are observed.

Step 5: Unloading: Once the operations are completed and verified, remove the processed rein-
forcement bars from the machine.

Fig. 4.3.17: CNC reinforcement cutting and bending machine

It’s important to follow safety guidelines and wear appropriate personal protective equipment (PPE)
when working with reinforcement cutting and bending machines. Additionally, regular maintenance
and calibration of the machines are essential to ensure accurate and safe operations. Always refer to
the manufacturer’s instructions and guidelines for your specific machine model for best practices and
safety procedures.

—4.3.4 Demonstrate the use of Marking Tools to Mark
Cutting Length on Reinforcement Bars

Marking the cutting length on reinforcement bars accurately is crucial for ensuring that they are cut to
the desired dimensions in construction projects. Here’s a demonstration of how to use marking tools
to mark the cutting length on a reinforcement bar:

Tools and Materials Needed:
e Reinforcement bar (rebar)

e Measuring tape or a steel rule




Participant Handbook

e Chalk or a permanent marker
Steps:
1. Prepare the Reinforcement Bar:

e Ensure that the reinforcement bar is clean and free from any dirt or debris that could
interfere with accurate measurements and markings.

e Laythereinforcement bar flat on a clean, level surface, such as a workbench or the ground.

Fig. 4.3.18: Measuring tape or a steel rule

2. Determine the Cutting Length:

e Refer to the construction drawings or project specifications to determine the required
cutting length for the reinforcement bar. This measurement is typically provided in the
project’s design documents.

3. Measure and Mark the Cutting Length:

o Using a measuring tape or a steel rule, align
the starting point of the tape at one end of
the reinforcement bar, where the cutting
will begin.

e Extend the tape measure along the length
of the bar, measuring the required cutting
length from the starting point.

e Once you've measured the correct length,
hold the tape measure firmly in place to
maintain the measurement.

Fig. 4.3.19: Measure and mark the cutting length
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4. Mark the Cutting Point:

e With the measurement held in place, use chalk or a permanent marker to make a clear
and visible mark on the reinforcement bar’s surface at the exact cutting point. Ensure that
the mark is bold and easy to see.

5. Double-Check the Marking:

e Double-check the measurement and the marked cutting point to ensure accuracy. It’s
crucial to avoid any mistakes at this stage, as inaccuracies can lead to issues during the
cutting process.

6. Cutting Preparation:

e Once the cutting point is marked, the reinforcement bar is now ready for cutting. You can
use various cutting tools, such as a cutting machine, hacksaw, or portable rebar cutter,
depending on the project’s requirements and the volume of cutting needed.

Fig. 4.3.20: Cutting preparation

By following these steps and accurately marking the cutting length on the reinforcement bar, you
can ensure that the bars are cut to the correct dimensions, contributing to the structural integrity
and quality of the construction project. Always prioritize safety when handling cutting tools and wear
appropriate personal protective equipment, such as safety glasses and gloves, to prevent injuries
during the cutting process.

—4.3.5 Demonstrate the use of Hammer and Chisel, Cutting —
Machine, and other Cutting Tools to Cut Reinforcement

Cutting reinforcement bars (rebar) can be done using various tools, including a hammer and chisel, a
cutting machine, or other cutting tools.

Here, I'll demonstrate how to cut reinforcement bars using each of these methods:
Method 1: Hammer and Chisel

e Tools and Materials Needed:
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¢ Reinforcement bar (rebar)
¢ Measuring tape or a steel rule
¢ Chalk or a permanent marker
¢ Safety glasses
¢  Chisel
¢ Ball-peen hammer
e Steps:
¢  Mark the Cutting Point:

e As demonstrated in a previous response, measure and mark the cutting length on
the reinforcement bar using a measuring tape and chalk or a permanent marker.

¢ Safety Precautions:

e Put on safety glasses to protect your eyes from flying metal shards during the cut-
ting process.

¢ Position the Rebar:

e Lay the marked reinforcement bar flat on a sturdy, level surface, such as a work-
bench or the ground. Ensure that it is properly supported and secure.

¢ Score the Cut Line:

« Using a chisel, position the tip of the chisel at the marked cutting point on the re-
inforcement bar.

e Strike the chisel with a ball-peen hammer to create a score or groove along the
cut line. Make multiple light strikes rather than trying to cut through the rebarin a
single blow.

¢+ Continue Scoring:

e Continue scoring the cut line by repeatedly striking the chisel until you have cre-
ated a deep groove along the entire length of the bar at the marked cutting point.

¢  Final Cutting:

e Once the groove is deep and pronounced, flip the rebar over to the other side and
repeat the scoring process.

e Continue alternating sides until the groove is sufficiently deep, and the rebar is
weakened at the marked cutting point.

¢ Break the Rebar:
e Hold the rebar firmly with both hands on either side of the groove.

e Apply force by bending the rebar away from the groove. The rebar should break
cleanly along the scored line.




Fig. 4.3.21: Hammer and chisel

Method 2: Cutting Machine
e Tools and Materials Needed:
¢ Reinforcement bar cutting machine
¢ Reinforcement bar (rebar)
¢ Measuring tape or a steel rule
¢ Chalk or a permanent marker

¢ Safety glasses

Fig. 4.3.22: Reinforcement bar cutting machine
e Steps:
¢+  Mark the Cutting Point:

e Measure and mark the cutting length on the reinforcement bar using a measuring
tape and chalk or a permanent marker, as demonstrated earlier.

+ Safety Precautions:
e Put on safety glasses to protect your eyes during the cutting process.

e Machine Setup:

e oet up the reinforcement bar cutting machine according to the manufacturer’s in-
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structions, ensuring that it is securely anchored and stable.
¢ Load the Rebar:

e Place the marked reinforcement bar into the machine’s cutting area, positioning it
accurately for the desired cut length.

¢  Cutting Operation:

e Operate the machine according to the manufacturer’s guidelines, which may in-
volve setting the desired cutting length and activating the cutting mechanism.

e Allow the machine to cut through the rebar smoothly.
¢ Unload and Inspect:

e After cutting, carefully remove the cut rebar from the machine, ensuring that there
are no sharp edges or burrs.

e Inspect the cut end to ensure it meets the required dimensions and quality stan-
dards.

Method 3: Other Cutting Tools

e Other cutting tools, such as hacksaws, reciprocating saws with metal-cutting blades, and portable
rebar cutters, can also be used to cut reinforcement bars. The process for each of these tools will vary,
but generally, it involves marking the cut point, securing the rebar, and using the tool to make the cut.

Fig. 4.3.24: Using circular saw
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Always prioritize safety when cutting reinforcement bars, as it involves working with metal and can
produce sharp edges and flying debris.

Use appropriate safety gear, follow manufacturer guidelines for equipment operation, and take
necessary precautions to prevent accidents.

—4.3.6 Demonstrate the use of Hammer and Chisel, Cutting —
Machine, and other Cutting Tools to Cut Reinforcement

Bending reinforcement bars (rebar) to the required shape and dimensions as specified in the Bar
Bending Schedule (BBS) is a crucial step in construction projects. Here, I'll demonstrate how to use
both a manual bending lever and a motorized bending machine for this purpose.

Method 1: Using a Bending Lever (Manual)
» Tools and Materials Needed:
¢ Reinforcement bar (rebar)
¢ Measuring tape or a steel rule
¢ Chalk or a permanent marker
¢ Bending lever
¢ Setsquare

¢ Safety glasses

¢ Gloves

Fig. 4.3.25: Using a bending lever

e Steps:
¢ Prepare the Reinforcement Bar:
o Ensure that the reinforcement bar is clean and free from any dirt or debris.
e Lay the rebar flat on a level surface.

¢ Mark the Bending Points:
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o Refer to the BBS to determine the specific dimensions and bend angles required
for the rebar.

e Measure and mark the bending points on the rebar using a measuring tape, chalk,
or a permanent marker.

e Position the Bending Lever:

e Place the bending lever on the ground or a sturdy surface with the bending head
aligned with the first marked bending point.

¢ Secure the Rebar:

e Secure the rebar on the bending lever by placing it between the bending head and
the lever’s anchor point. Ensure that the marked bending point aligns with the
bending head.

¢ Bend the Rebar:

e Apply gradual and consistent pressure on the bending lever to bend the rebar to
the desired angle. Ensure that the rebar remains aligned with the marked bending
point throughout the bending process.

e If multiple bends are required, reposition the rebar on the bending lever and repeat
the bending process for each marked point.

¢ Use a Set Square for Angle Verification:

o After bending, use a set square to verify that the angle matches the specified angle
in the BBS. Make any necessary adjustments if the angle is not precise.

¢ Repeat for Additional Rebar Pieces:
e Repeat the process for each reinforcement bar as specified in the BBS.
Method 2: Using a Motorized Bending Machine
o Tools and Materials Needed:

¢ Reinforcement bar (rebar)

¢+ Measuring tape or a steel rule

¢ Chalk or a permanent marker

¢+ Motorized bending machine

+ Safety glasses

¢ Gloves
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Fig. 4.3.26: Using a motorized bending machine

Steps:

Prepare the Reinforcement Bar:
e Clean the reinforcement bar and ensure it is free from debris.

Mark the Bending Points:

« Refer to the BBS to determine the specific dimensions and bend angles required
for the rebar.

e Measure and mark the bending points on the rebar using a measuring tape, chalk,
or a permanent marker.

Machine Setup:

e Setupthe motorized bending machine according to the manufacturer’sinstructions,
ensuring that it is securely anchored and stable.

Load the Rebar:

e Place the marked reinforcement bar into the machine’s bending area, positioning it
accurately for the desired bend points.

Bending Operation:

e Operate the machine according to the manufacturer’s guidelines, which may
involve setting the desired bend angles and activating the bending mechanism.

e Allow the machine to bend the rebar to the specified dimensions and angles
automatically.

Use a Set Square for Angle Verification:

e After bending, use a set square to verify that the angles match the specified angles
in the BBS. Make any necessary adjustments if the angles are not precise.
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¢ Unload and Inspect:

e Carefully remove the bent rebar from the machine, ensuring that there are no
deformities or discrepancies in the bent sections.

Using a motorized bending machine offers greater precision and efficiency when bending reinforcement
bars, especially for large quantities and complex shapes, while a manual bending lever is suitable for
smaller-scale projects or when a limited number of bends are required. Always prioritize safety by
wearing appropriate PPE, following machine guidelines, and adhering to the BBS specifications for

accurate and reliable results.

Fig. 4.3.27: Using a motorized bending machine
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— QR Codes

Scan the QR code to watch the video

https://youtu.be/HEbhSDeJq20

Hand and Power Tools
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UNIT 4.4: Storage and Handling of Bars

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Explain the importance of maintaining correct body posture while cutting and bending the
reinforcement bars.

2. Describe the standard procedure for tagging and stacking of reinforcement bars.

3. Demonstrate tagging and stacking of reinforcement bars as per standard procedure.

—4.4.1 Correct Body Posture while Cutting and Bending
Reinforcement Bars

Maintaining correct body posture while cutting and bending reinforcement bars is crucial to ensure

safety and efficiency.

POSTURE

correct incorrect
f e

' A&

?

Fig. 4.4.1: Maintaining correct body posture while work

e P
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Here are some key points to keep in mind:

1.

Stand Properly:

e Stand with your feet shoulder-width apart to maintain stability.

o Keep your feet flat on the ground and distribute your weight evenly.

Bend Your Knees:

e Bend your knees, not your back, when picking up or placing reinforcement bars.
e Use your leg muscles to lift, keeping your back straight.

Maintain a Neutral Spine:

e Keep your back straight and maintain its natural curvature.

e Avoid excessive bending or twisting of the spine.

Use the Right Tools:

e Choose appropriate cutting and bending tools that minimize the need for excessive force.
e Ensure your tools are in good condition to reduce strain.

Position Your Work Correctly:

e Place reinforcement bars at waist or chest height whenever possible.

e Use workbenches or sawhorses to elevate the bars to a comfortable working height.
Keep Your Elbows In:

e When cutting or bending, keep your elbows close to your body.

e This reduces strain on the shoulders and arms.

Take Breaks:

e Avoid prolonged periods of cutting and bending without breaks.

e Stretch and change positions regularly to prevent muscle fatigue.

Use PPE (Personal Protective Equipment):

e Wear appropriate PPE, including gloves and safety glasses, to protect yourself from potential
hazards.

Ask for Help:
e For heavy or awkwardly shaped reinforcement bars, don’t hesitate to ask for assistance.

e Teamwork can reduce the risk of injuries.

10. Stay Hydrated:
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e Drink enough water throughout the day to prevent dehydration, which can lead to muscle
cramps and fatigue.

11. Listen to Your Body:
e Pay attention to any signs of discomfort or pain.
e If you experience pain, stop the task and rest or seek medical advice if necessary.

By following these guidelines and maintaining correct body posture, you can significantly reduce the
risk of injuries and work more efficiently when cutting and bending reinforcement bars.

Importance of Maintaining Correct Body Posture:
o Safety: Prevents injuries and accidents on the construction site.
o Efficiency: Enhances work productivity and precision.
e Quality Assurance: Ensures reinforcement bars meet project specifications.
e Reduced Fatigue: Minimizes physical strain and discomfort.
e Long-term Health: Preserves musculoskeletal well-being for prolonged careers.
» Regulatory Compliance: Adheres to safety guidelines and legal requirements.
o Team Morale: Sets a positive example, fostering a safety-conscious culture.
e Ergonomics: Supports proper body mechanics for sustained work.
» Tool Optimization: Maximizes tool effectiveness with correct posture.

« Risk Mitigation: Minimizes the potential for accidents and costly mistakes.

Fig. 4.4.2: Posture during bar bending/cutting




Fig. 4.4.3: Posture during bar bending/cutting

—4.4.2 Storage and Stacking of Rebars

Proper storage and stacking of rebars (reinforcement bars) is essential to maintain their quality, prevent
damage, and ensure safety on construction sites. Here are some key guidelines for storing and stacking

rebars:

Storage:

o Keep Off the Ground: Store rebars on level and dry surfaces to prevent corrosion. Avoid direct
contact with the ground, which can lead to rusting.

o Cover and Protect: Cover rebars with waterproof material or tarps to shield them from rain,

moisture, and other environmental elements.

o Space Separation: Keep rebars separated to prevent tangling and to facilitate easy access. Use
spacers or dunnage, such as wooden blocks, to maintain gaps between layers.

o Identification: Label or tag rebars to indicate their type, size, and specifications. This helps
workers easily identify and use the right bars for specific tasks.

e Ventilation: Ensure proper ventilation in storage areas to prevent the buildup of moisture and
condensation, which can lead to rusting.

* Stacking Height: Avoid excessive stacking heights to prevent deformation of the lower bars.
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Follow manufacturer recommendations for stacking limits.

&

Fig. 4.4.4: Storage and stacking of rebars

Stacking:

» Horizontal Stacking: Stack rebars horizontally whenever possible, with the bars lying flat on
the ground or on dunnage.

e Vertical Stacking: If vertical stacking is necessary, bundle rebars together using wire or
strapping. Ensure bundles are stable and secure to prevent tipping.

o Staggered Stacking: When stacking multiple layers of rebars, stagger the joints to evenly
distribute the load and prevent bending or warping.

e Secure Bundling: Use wire or zip ties to secure rebars in bundles, making them easier to
handle and preventing shifting during transport or storage.

* Weight Distribution: Ensure that the weight of stacked rebars is evenly distributed to avoid
excessive pressure on lower bars.

» Avoid Overhang: Do not allow rebars to overhang the edge of storage racks or supports, as
this can lead to bending and damage.

e Clear Pathways: Maintain clear pathways and access to stacked rebars for safety and ease of
retrieval.

* Inspect Regularly: Periodically inspect stored and stacked rebars for signs of damage,
corrosion, or rust. Replace any compromised bars.
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Fig. 4.4.4: Storage and stacking of rebars

By following these guidelines for the storage and stacking of rebars, construction sites can maintain the
integrity of the reinforcement bars, reduce waste, and ensure a safe and efficient working environment.

— 4.4.3 Tagging of Rebars

Tagging of rebars is a crucial practice in the construction
industry, primarily aimed at ensuring proper
identification and tracking of reinforcement bars
(rebars) throughout the construction process.

Here are key points regarding the tagging of rebars:

e Identification: Tags are attached to individual
or bundled rebars to provide essential
information, such as bar size, type, grade,
length, and other specifications. This
identification helps construction workers and
engineers use the correct rebars as per design
requirements.

o Traceability: Each tagged rebar should have
a unique identifier or barcode that can be
scanned or recorded. This enables easy tracking

of each rebar’s origin, quality, and compliance
with project specifications.
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e Quality Assurance: Tags may include information about the manufacturing source and quality

standards to ensure that the rebars meet the necessary standards and are free from defects.

e Placement Information: Tags can provide details on the intended placement of the rebar
within the construction structure, indicating its specific location and orientation.

e Inspection and Testing: Tags can record inspection and testing data, including dates of
inspections, test results, and the inspector’s name. This information is vital for quality control
and documentation.

* Inventory Management: Tagging helps in managing and controlling the inventory of rebars on
the construction site. It ensures that the right amount and type of rebars are available when
needed, minimizing delays.

Fig. 4.4.7: Inventory management

o Safety: Proper tagging helps prevent errors and accidents by ensuring that rebars are correctly
used according to design specifications. This reduces the risk of structural failures.

e Communication: Tags facilitate effective communication among construction team members,
ensuring that everyone is on the same page regarding the rebars’ characteristics and intended
use.

» Record-keeping: Tags create a permanent record of the rebars’ history, which can be useful for
future maintenance, renovations, or inspections.

e Compliance: Many construction projects are subject to regulatory and code compliance
requirements. Tagging provides evidence that the rebars meet these standards.

o Efficiency: Tagging streamlines the construction process by reducing the time and effort
required to identify and verify rebars, improving overall project efficiency.

e Project Documentation: Tagging contributes to comprehensive project documentation, which
can be important for contractual and legal purposes.

In summary, tagging of rebars is an essential practice in construction that enhances efficiency, quality
control, safety, and compliance. It plays a critical role in ensuring that the right rebars are used in the
right locations, contributing to the overall success of construction projects.
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Fig. 4.4.8: Tagging of rebars

— 4.4.4 Good Housekeeping Practices

Good housekeeping practices in the bar bending and steel fixing operation area are crucial for
maintaining a safe, efficient, and organized workplace.

Fig. 4.4.9: Maintaining a safe, efficient, and organized workplace

Here are specific steps and guidelines for achieving good housekeeping in this area:
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1. Clear Work Zones:

» Define and designate clear work zones for bar bending and steel fixing activities to prevent
congestion and confusion.

2. Material Organization:

e Store reinforcement bars (rebars) in designated racks or storage areas to keep them off the

ground and prevent tripping hazards.
e Label rebars with important information such as size, type, and specifications for easy
identification.
3. Tool Management:

e Organize and store tools in designated areas using toolboxes or wall-mounted racks to prevent

clutter and ensure easy access.

e Implement a tool tracking system to account for all tools and equipment.

Fig. 4.4.10: Tool management

4. Waste Disposal:

o Establish a systematic waste disposal process for scrap materials, offcuts, and debris. Use
labelled bins and ensure regular disposal.

5. Cleaning Schedule:

o Develop and adhere to a cleaning schedule that includes sweeping, mopping, and clearing
debris. Assign specific individuals or teams responsible for cleaning tasks.

6. Safety Signage:

» Display safety signs and hazard warnings prominently throughout the area, including
information about safety procedures, emergency exits, and first aid stations.
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7. Material Handling:

e Train workers in proper material handling techniques to prevent injuries when moving and
transporting heavy rebars.

8. Spill Response:

o Keep spill kits and absorbents readily available to quickly address any spills or leaks of
hazardous materials.

9. Dust Control:

e Implement dust control measures, such as dust collectors or wet-cutting methods, to minimize
airborne particles during cutting and bending operations.

10. Aisles and Walkways:

e Maintain clear aisles and walkways to facilitate safe movement of workers and equipment.
Use floor markings to designate pedestrian pathways.

Fig. 4.4.11: Maintain clear aisles and walkways

11. Emergency Access:

e Ensure that emergency exits, fire extinguishers, and first aid stations are easily accessible and
not obstructed by materials or equipment.

12. Regular Inspections:

e Conduct routine inspections to identify potential hazards, damaged equipment, or
housekeeping issues. Address any problems promptly.

By following these housekeeping practices in the bar bending and steel fixing operation area, you can
create a safer and more efficient work environment, reduce the risk of accidents, and enhance overall
productivity on the construction site.
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— 4.4.5 Handling of Rebars

N o v B w N

Wear Gloves: Always wear appropriate gloves to protect your hands from cuts and abrasions.
Lift with Your Legs: Bend your knees and use your leg muscles to lift, not your back.

Secure Bundles: Use wire or strapping to secure rebars in bundles for safe handling.

Avoid Overreaching: Maintain balance and avoid overreaching when carrying or placing rebars.
Two-Person Lift: For heavy or long rebars, use a two-person lift to distribute weight.

Inspect for Hazards: Check rebars for defects, sharp edges, and protrusions before handling.

Safety Training: Ensure workers are trained in proper rebar handling techniques to prevent injuries.

Fig. 4.4.13: Handling of rebars
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Answer the following questions:

Short Questions:

1.

What are the primary hand and power tools used for measuring, marking, cutting, and bend-
ing reinforcement bars?

How should you arrange tools and required material resources efficiently for reinforcement
work?

How does a CNC machine contribute to reinforcement work, and what tasks can it perform?
What are some common accessories used with reinforcement cutting and bending machines?

How do you select the appropriate accessories for a bending machine based on the diameter
and shape of the reinforcement bar?

Fill-in-the-Blanks:

1.

The correct tools for marking cutting length on reinforcement bars are or

When cutting reinforcement bars, workers can use a hammer and chisel for manual cutting or
a for a more precise cut.

To bend reinforcement bars according to the required shape and dimensions, a worker can
use a bending lever or a machine.

Maintaining correct body posture when cutting and bending reinforcement bars is crucial to
prevent and

The standard procedure for tagging and stacking reinforcement bars helps ensure
and

True/False Questions:

1.

True or False: A CNC machine is primarily used for cutting and bending reinforcement bars on
construction sites.

True or False: The selection of accessories for a bending machine depends solely on the diam-
eter of the reinforcement bar.

True or False: Workers should prioritize maintaining correct body posture while handling rein-
forcement bars to prevent injuries.

True or False: The standard procedure for tagging and stacking reinforcement bars is not es-
sential for construction safety and quality.

True or False: Electrical safety measures are not necessary when working with power tools on
construction sites.
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— Notes |E

— QR Codes

Scan the QR code to watch the video

https://youtu.be/ WA1PWw6Re2E

Storage and Stacking of Reinforcement Bars
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At the end of this module, you will be able to:

1.

o ® N o u

11.

Distinguish between the different type of reinforcement bars based on type of materials/ range of
strength such as Mild Steel, TOR steel, TMT steel, and their application.

Discuss various features of One-way slab and Two-way Slab.

Interpret drawings, sketches and BBS to get the details of reinforcement components required for
the cage fabrication of various RCC structures.

Demonstrate cutting and bending of the reinforcement bar to prepare the materials for the cage
fabrication as per the required RCC structure.

Describe the requirements and methods for providing lap joints to the reinforcement bars.
Calculation of lap length and development length for different diameter of reinforcement bars.
Demonstrate lapping of reinforcement for different diameter of reinforcement bars.

Explain the use and benefits of mechanical couplers.

Explain threading of reinforcement bars for coupler installation.

. Demonstrate fixing of mechanical couplers as per drawing/BBS.

Perform tagging and stacking of prepared reinforcement materials as per the standard procedure.
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— Unit Objectives |©@

At the end of this unit, you will be able to:

1. Distinguish between the different types of reinforcement bars based on material and strength,
such as Mild Steel, TOR steel, TMT steel, and their application.

2. Explain the use and benefits of mechanical couplers.

3. Explain threading of reinforcement bars for coupler installation.

—5.1.1 Reinforcement Bars

Reinforcement bars, often referred to as rebars, are essential components in reinforced concrete
structures. They provide tensile strength to concrete, which is otherwise weak in tension. Reinforcement
bars are typically made of various types of steel and are strategically placed within concrete elements
to enhance their structural integrity.

Fig. 5.1.1 Reinforcement bars
Here’s the information presented in a more tabular and organized format:

Type of Material Strength Range Application

Reinforcement Bars

Mild Steel Bars (MS | Low carbon steel 250 MPa to 410 | Small to medium-scale construction
Bars) (max. 0.25% MPa for residential buildings, pavements,

carbon) and non-structural applications.
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TOR Steel Bars
(Twisted Deformed
Bars)

Low carbon steel
(twisted after hot
rolling)

415 MPa to 600
MPa

Medium-scale construction
including bridges, dams, and
industrial structures where higher
strength is required.

TMT Steel
Bars (Thermo-
Mechanically
Treated Bars)

Special alloy
steel (controlled
thermo-
mechanical
treatment)

500 MPa to 700
MPa

Modern construction for high-

rise buildings, bridges, and critical
structures due to superior strength,
ductility, and corrosion resistance.

HSD Bars (High
Strength Deformed
Bars)

Carbon steel with
higher carbon
content (heat-

Exceeding 600
MPa

Large-scale construction projects
such as skyscrapers, industrial
complexes, and infrastructure where

treated) extreme strength and durability are
required.
Epoxy-Coated Bars | Typically, TMT Strength range | Environments prone to corrosion,

or HSD bars with
epoxy coating

depends on the
core material

such as marine structures and areas
with exposure to chemicals or salt.

Galvanized Bars

Bars coated with a
layer of zinc

Strength range
depends on the
core material

Environments with high humidity,
such as coastal regions, to prevent
rust and corrosion.

Table 5.1.1 Types of reinforcement bars based on material and strength

Selecting the appropriate type of reinforcement bar depends on specific structural requirements,
environmental conditions, and the scale and budget of the project.

—5.1.2 Tying Rebars

Tying rebar (reinforcement bars) using wire is a common practice in construction to ensure that the
bars remain in their proper positions and maintain the required spacing and alignment within concrete
forms.

Fig. 5.1.2 Tying rebar (reinforcement bars) using wire
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Here’s a general procedure for tying rebar by wire, typically using a tool known as a rebar tie wire
twister:

Tools and Materials Needed:

e Rebar tie wire (typically made of steel)
e Rebar tie wire twister tool
o Safety gear (gloves, safety glasses)

Procedure:

1. Safety Precautions:
Put on your safety gear, including gloves and safety glasses, to protect yourself during the process.
2. Positioning of Rebar:

Ensure that the rebar is correctly placed in its designated position within the concrete formwork
or structure. The rebar should be properly alighed and spaced according to the structural design
specifications and drawings.

3. Preparing the Wire:

Cut a length of rebar tie wire from the roll. The length of wire needed depends on the size and
configuration of the rebar and the tying method used. Typically, you’ll need enough wire to wrap
around the rebar several times.

4. Start Tying:

Hold one end of the wire against the rebar, leaving a short tail (a few inches) hanging down. This
tail will help secure the wire in place during tying.

5. Twist the Wire:

Using the rebar tie wire twister tool, twist the wire around the rebar and over the short tail. Ensure
that the wire is tight and secure. You may need to make several twists, depending on the wire’s
thickness and the desired tightness of the tie.

6. Cut Excess Wire:

Once you've twisted the wire sufficiently to secure the rebar, use the wire twister tool to cut the
excess wire. Some wire twister tools have a built-in cutting feature for this purpose.

7. Repeat the Process:

Continue tying rebar sections together as needed, following the same procedure for each connec-
tion point.

8. Check for Proper Tying:

After tying, visually inspect the tied sections to ensure that the wire is secure and that the rebar
remains properly aligned and spaced.

9. Additional Tying (Optional):
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Depending on the structural requirements and design, you may need to tie additional sections or
provide cross ties to maintain the proper distance between rebar pieces.

10. Documentation:

Maintain records or documentation of the tied rebar sections, including their location, quantity,
and any specific instructions from structural drawings or specifications.

Properly tied rebar helps maintain the structural integrity of reinforced concrete elements, ensuring
that they can withstand the intended loads and stresses. The tying process should follow engineering
standards and local building codes to meet safety and quality requirements.

—5.1.3 Tie Methods of Rebars

Tying reinforcement bars (rebars) is a critical step in construction to ensure the structural integrity of
concrete elements. Various tie methods are employed to secure rebars in their designated positions
within concrete forms.

Fig. 5.1.2 Tying rebar (reinforcement bars) using wire

These methods include wire twisting, snap ties, loop ties, pigtail ties, and more. Each method involves
creating secure connections between rebars, maintaining proper spacing and alignment. The choice
of tie method depends on project specifications and local construction practices. Proper tying ensures
that concrete structures can withstand the intended loads and stresses, contributing to their safety
and longevity.

Tie Method Description Suitable for Constructing

Wire Twisting Using a rebar tie wire twister tool Residential, Commercial, and

to twist wire around rebar to secure | Industrial Construction where speed
them in place. and simplicity are important.
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Snap Tie Utilizing snap ties, which are pre- Concrete Formwork Systems
formed metal ties with ends that can | in Residential and Commercial
snap or slide together to secure rebar. | Construction.

Snap-Cap Similar to snap ties, snap-cap ties are | Projects with Repetitive Formwork
used to secure rebar by snapping or in Residential and Commercial
capping the ends together. Construction.

Loop Tie Forming loops at the ends of tie wires | Versatile method suitable for

and twisting them around rebar to
create a secure tie.

various types of Construction.

Double Loop Tie

Similar to loop ties but creating two
loops for added security.

Projects requiring higher rebar
stability in Residential, Commercial,
and Industrial Construction.

Pigtail Tie Creating a pigtail-like loop at the end | Smaller-Scale Construction Projects
of a tie wire and twisting it around requiring secure rebar fastening.
rebar.

Saddle Tie Forming a saddle-shaped loop at the | Projects where a secure saddle-

end of tie wires and placing it over
rebar before twisting.

shaped tie is needed, such as Bridge
Construction.

Figure-Eight Tie

Creating a figure-eight-shaped loop at
the ends of tie wires to secure rebar.

Projects with intricate rebar
configurations in Residential and
Commercial Construction.

Combination of
Methods

Combining various tying methods as
needed for specific reinforcement
configurations.

Versatile method for
accommodating various
construction requirements in all

types of Construction.

Table 5.1.2 Tie method

—5.1.4 Rebar Splicing

Rebar splicing is a construction technique used to join two reinforcement bars (rebars) together to

create a continuous and structurally sound connection. This process is crucial in reinforced concrete

structures to ensure the integrity and strength of the construction.
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Here are some key points about rebar splicing:

1. Purpose: Rebar splicing is done to achieve the required length of reinforcement bars, to onnect
two separate sections of rebar, or to accommodate changes in structural design.

2. Methods of Splicing:

e Overlap or Lap Splice: This is one of the most common methods, where two rebars overlap
each other for a certain length and are then tied together. The length of the overlap is spec-
ified in engineering drawings and is typically a function of the rebar diameter and the struc-
tural requirements.

e Maechanical Couplers: Mechanical couplers are devices that provide a threaded or other con-
nection between two rebars, eliminating the need for an overlap. They are often used for
large-diameter rebars and can ensure a reliable and precise connection.

* Welded Splice: In some cases, rebars are joined by welding. This method is typically reserved
for specific applications and requires specialized equipment and trained welders.

Simple Lap Splice Welded Lap Splice Mechanical Splice

Fig. 5.1.5 Rebar splicing

3. Importance: Proper rebar splicing is critical for maintaining the structural integrity of reinforced
concrete elements. A well-executed splice ensures that the load-carrying capacity of the rebar
remains intact, even at the connection point.

4. Design Considerations: The length of overlap or the type of mechanical coupler used depends
on the structural design, the anticipated loads, and the specific requirements of the project.
Engineers calculate the necessary splice length to ensure the strength and safety of the structure.

5. Quality Control: Rebar splicing must adhere to industry standards and local building codes. Quality
control measures, including inspections and tests, are often carried out to verify the integrity of
the splices.

6. Testing: Some projects may require non-destructive testing (NDT) or destructive testing (DT) to
verify the strength and reliability of splices, especially in critical structures.

7. Safety: Safety precautions, including proper handling of rebars and the use of personal protective
equipment, are essential during the splicing process to prevent accidents and injuries.

8. Environmental Factors: In corrosive environments, special measures such as epoxy-coated rebars
or protective coatings on the splice area may be required to prevent corrosion and maintain the
long-term integrity of the splice.
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Rebar splicing is a fundamental technique in construction, ensuring that reinforced concrete structures

meet safety and design requirements while maintaining their durability and longevity. Properly
executed splices are essential for the stability and performance of buildings, bridges, and other
concrete structures.

— 5.1.6 Lap Splicing

Lap splicing is a common method used in construction to connect two reinforcement bars (rebars) by
overlapping them for a specified length.

This method is crucial for ensuring the structural integrity and load-bearing capacity of reinforced

concrete structures.
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Fig. 5.1.6 Lap splicing

Here’s a detailed explanation of lap splicing:
Purpose of Lap Splicing:
Lap splicing serves several important purposes in construction:

» Length Extension: It allows for the extension of reinforcement bars to achieve the required
length in cases where standard bar lengths are insufficient.

» Load Transfer: Lap splicing ensures that the load-carrying capacity of the reinforcement is
maintained at the connection point, preventing structural weaknesses.

» Reinforcement Continuity: It creates continuity in the reinforcement, ensuring that the
stresses and forces are distributed evenly throughout the structure.

Key Steps in Lap Splicing:

e Determine Splice Length: The required splice length is determined by structural engineers
and is specified in construction drawings and specifications. It depends on factors such as the
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rebar diameter, type of concrete, and structural design.

e Prepare Rebars: The ends of the two rebars to be spliced are prepared by cleaning, removing
rust, and ensuring they are free from contaminants.

e Overlap: The rebars are aligned and overlapped by the required splice length. It’s crucial to
ensure that the overlap is accurate and complies with the specified dimensions.

» Secure the Connection: The overlapped section of the rebars is secured together using tie
wires or clips. Proper tying ensures that the rebars remain in position during the concrete
pouring process.

Considerations for Lap Splicing:

e Splice Length: The splice length is critical and is determined based on the structural
requirements. Longer splice lengths are needed for larger diameter rebars.

e Spacing: The spacing between splices should also comply with engineering specifications to
ensure adequate reinforcement in the structure.

e Location: The location of the splice within the concrete element should be in accordance with
the structural design and drawings.

e Concrete Cover: The minimum concrete cover over the spliced area should be maintained to
protect the rebars from corrosion.

Advantages of Lap Splicing:

e Lap splicing is a simple and widely used method that requires minimal equipment or special
tools.

e It’s a cost-effective solution for extending rebar lengths when needed.
» Properly executed lap splices can provide reliable load transfer and structural integrity.
Challenges and Considerations:

e Overlapping rebars can lead to congestion in densely reinforced sections, which may require
careful planning and coordination.

e In corrosive environments, measures such as epoxy-coated rebars or protective coatings over
the splice area may be necessary to prevent corrosion.

Quality Control:

Lap splicing should adhere to industry standards and local building codes. Quality control measures,
including inspections and testing, are often carried out to verify the integrity of the splices and ensure
they meet safety and structural requirements.

In summary, lap splicing is a fundamental method in construction that allows for the extension and
connection of reinforcement bars. Properly executed lap splices are essential for maintaining the
strength, durability, and safety of reinforced concrete structures.
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—5.1.6 Mechanical Splicing

Mechanical splicing, often referred to as rebar couplers or reinforcement couplers, is a method used
in construction to connect two reinforcement bars (rebars) by mechanical means rather than the
traditional lap splicing method. These couplers provide a reliable and efficient way to join rebars,
ensuring structural integrity in reinforced concrete structures.

Fig. 5.1.7 Mechanical splicing

Here'’s a detailed explanation of mechanical splicing or couplers:
Purpose of Mechanical Splicing:
The primary purposes of using mechanical splicing or couplers in construction include:

¢ Enhanced Structural Integrity: Mechanical splicing ensures a strong and reliable connection
between rebars, maintaining the load-carrying capacity of the reinforcement and preventing
structural weaknesses.

* Reduced Congestion: In densely reinforced areas, mechanical splicing eliminates the need for
overlapping rebars, reducing congestion and simplifying construction.

¢ Increased Efficiency: Mechanical splicing is faster and more precise than lap splicing, saving
time and labor costs on construction projects.

Key Components of Mechanical Couplers:
Mechanical couplers typically consist of the following components:

e Rebar Ends: The ends of the two rebars that are to be connected must be clean, straight, and
free from rust, contaminants, or deformities.

e Coupler: The mechanical coupler is a threaded or serrated sleeve made of high-strength
steel that connects the two rebars. It is designed to provide a secure and structurally sound
connection.

e Threaded Bars: One or both of the rebars to be connected are equipped with threads on their
ends. These threads are compatible with the internal threads of the coupler.
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Key Steps in Mechanical Splicing:

e Prepare Rebars: The ends of the rebars to be spliced are prepared by cleaning, threading, and
ensuring they are free from any defects.

e Insert Coupler: The mechanical coupler is inserted onto one of the rebars, ensuring that it is
positioned correctly.

e Thread the Other Rebar: If only one rebar is threaded, the other rebar is inserted into the
coupler, and both rebars are rotated to create a tight, threaded connection.

o Tighten and Verify: The connection is tightened using a calibrated torque wrench or similar
tool to ensure it meets the specified torque value. This step is critical for achieving the desired
load-carrying capacity.

Advantages of Mechanical Splicing/Couplers:

o Higher Load Capacity: Mechanical couplers can achieve higher load-carrying capacities com-
pared to lap splicing.

e Reduced Labor and Time: The use of couplers reduces the need for time-consuming lap splic-
ing and tying, leading to increased construction efficiency.

e Improved Structural Performance: Mechanical splicing ensures uniform distribution of forces
in reinforced concrete structures.

Challenges and Considerations:

e Quality Control: Proper installation and quality control are essential to ensure the couplers
are correctly torqued and meet design specifications.

e Cost: While couplers can lead to time and labor savings, the initial cost of the coupler materi-
als should be considered.

Types of Mechanical Couplers:
There are various types of mechanical couplers available, including:
e Threaded Couplers
e Serrated Couplers
e Grouted Couplers
e Weldable Couplers
e Positional Couplers
The choice of coupler type depends on project requirements and structural design.

In summary, mechanical splicing or couplers are an effective and efficient method for connecting
rebars in construction projects. Properly installed mechanical couplers enhance the structural integrity
of reinforced concrete structures while saving time and labor during construction.
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—5.1.7 Welded Splice

Welded splicing is a method used in construction to join two reinforcement bars (rebars) by welding
them together. This technique creates a continuous and robust connection, ensuring the structural
integrity and load-bearing capacity of reinforced concrete structures.

Key Steps in Welded Splicing:

e Prepare Rebars: The ends of the rebars to be spliced are prepared by cleaning and ensuring
they are free from rust, contaminants, or deformities.

* Position Rebars: The two rebars are positioned next to each other, with their ends aligned to
create the desired overlap.

* Welding: A certified welder uses an electric arc welding process, typically shielded metal
arc welding (SMAW) or gas metal arc welding (GMAW), to join the rebars together. Welding
electrodes or wire feed is used to create a strong weld at the connection point.

e Quality Control: The quality of the weld is critical, and the weld should be inspected for proper
penetration, fusion, and adherence to welding standards.

Fig. 5.1.8 Welded splicing

Limitations:

* Welded splicing may not be suitable for all rebar sizes and configurations, and it is often
reserved for larger-diameter rebars.

* It may not be the most cost-effective solution for all projects due to the need for skilled welders
and welding equipment.

In summary, welded splicing is a technique used in construction to create a strong and reliable
connection between rebars by welding them together. It is a suitable method for achieving high load-
carrying capacities and is commonly used in critical structural elements where strength and durability
are paramount. Properly executed welded splices contribute to the safety and longevity of reinforced
concrete structures.
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—5.1.8 Staggering of Laps

Staggering of laps, also known as staggered splicing or lapping, is a construction technique used when
joining reinforcement bars (rebars) in concrete structures. The purpose of staggering the laps is to
distribute and balance the overlapping connections, ensuring uniform structural strength throughout
the concrete element.

7
X

lapping in same level staggered lapping

Fig. 5.1.9 Staggering of laps

Here’s a detailed explanation of staggering laps in reinforced concrete construction:
Purpose of Staggering Laps:

The primary purposes of staggering laps are as follows:

e Load Distribution: Staggering the lap splices helps distribute the loads evenly across the
structure. This prevents the concentration of stress at specific points, reducing the risk of
structural weaknesses.

e Reduced Congestion: In densely reinforced areas, staggering laps minimizes congestion by
dispersing the overlapping rebars. This makes it easier to maintain proper concrete cover and
prevents complications during concrete placement.

e Improved Structural Integrity: By avoiding a clustered arrangement of lap splices, structural
integrity is enhanced, and the risk of inadequate concrete consolidation around the rebars is
reduced.

Key Steps in Staggering Laps:

« Determine Splice Lengths: Structural engineers specify the required splice lengths based on
the project’s design and load requirements. These lengths are typically provided in construction
drawings and specifications.

e Spacing and Arrangement: The lap splices are arranged in a staggered pattern according to
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the specified spacing and layout. This pattern ensures that no two lap splices overlap in a
single vertical or horizontal plane.

» Proper Orientation: Ensure that the staggered laps are correctly oriented and aligned with the
structural design, considering both the vertical and horizontal configurations of rebars.

e Quality Control: Inspection and quality control measures are essential to verify that the lap
splices adhere to the construction specifications and are positioned correctly.
Advantages of Staggering Laps:

» Uniform Load Distribution: Staggering laps helps prevent localized stress concentrations and
promotes uniform load distribution within the concrete element.

e Reduced Congestion: It minimizes congestion, making it easier to maintain proper concrete
cover and ensuring effective concrete placement.

» Enhanced Structural Performance: Properly staggered laps contribute to the overall structural
performance and durability of the concrete structure.

Challenges and Considerations:

e Accurate Placement: Ensuring precise placement of staggered laps is crucial to achieve the
intended load distribution and structural integrity.

e Detailed Planning: Staggering laps requires careful planning to follow the engineering design
and project specifications.
Applications:

Staggering laps are commonly employed in various reinforced concrete elements, including slabs,
beams, columns, and walls, where load distribution, congestion reduction, and structural integrity are
essential considerations.

In summary, staggering laps is a construction technique used to distribute and balance overlapping
connections in reinforced concrete structures. This method helps ensure uniform structural strength,
reduces congestion, and contributes to the structural integrity and durability of concrete elements.
Proper planning, precise placement, and adherence to engineering specifications are essential for
effective staggering of laps in construction projects.

5.1.9 Cover Block

Cover blocks are essential components in reinforced concrete construction. They are used to maintain
a specified distance between the reinforcement bars (rebars) and the inner surface of the formwork or
shuttering during the concrete casting process. These blocks ensure that the rebars are positioned at
the correct depth within the concrete, which is critical for structural integrity and durability.

Here’s a detailed explanation of cover blocks in reinforced concrete construction:

Purpose of Cover Blocks:
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Fig. 5.1.10 Cover blocks

The primary purposes of cover blocks are as follows:

Corrosion Protection: Cover blocks help protect the rebars from environmental factors such
as moisture, chemicals, and oxygen, which can lead to corrosion. Proper cover ensures the
longevity and durability of the structure.

Structural Integrity: Maintaining the correct concrete cover over the rebars is crucial for the
structural integrity of the concrete element. It helps distribute loads evenly and prevents
stress concentrations.

Fire Resistance: Adequate concrete cover also contributes to the fire resistance of the structure
by providing insulation to the rebars.

Prevention of Bond Failure: Inadequate cover can lead to bond failure between the rebars
and the concrete, reducing the load-carrying capacity of the reinforced concrete element.

Types of Cover Blocks:

There are various types of cover blocks available, depending on their shape, material, and application.
Some common types include:

Circular Cover Blocks: These are cylindrical or circular blocks with a central hole to
accommodate the rebars. They are typically made of concrete or plastic.

Square or Rectangular Cover Blocks: These blocks have a square or rectangular shape and are
often made of concrete, plastic, or fiber-reinforced materials.

Spacer Blocks: Spacer blocks are used to maintain the correct spacing between multiple layers
of rebars in a reinforced concrete element. They come in various shapes and materials.

Chair-type Cover Blocks: These blocks resemble chairs and are used to support the upper
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layer of rebars, ensuring they maintain the correct distance from the lower layer.

Fig. 5.1.11 Cover block usage

Key Considerations for Using Cover Blocks:

Cover Thickness: The required cover thickness is specified in the structural design and may
vary depending on factors such as structural load, exposure conditions, and concrete mix.
Engineers determine the appropriate cover thickness.

Material Selection: The material of the cover blocks should be durable and compatible with
the concrete. Common materials include concrete, plastic, and fiber-reinforced materials.

Placement: Cover blocks should be placed at the desired locations along the length of the
rebars, ensuring they are evenly spaced and positioned correctly.

Spacing: The spacing between cover blocks should be uniform to maintain consistent concrete
cover.

Tying: In some cases, cover blocks may need to be securely tied to the rebars to prevent
displacement during concrete placement.

Quality Control: Regular inspection and quality control are essential to ensure that cover
blocks are correctly placed and that they meet the specified requirements.

Applications:

Cover blocks are used in various reinforced concrete elements, including columns, beams, slabs, walls,

and foundations. Their use ensures that rebars are positioned at the correct depth within the concrete,

providing the necessary protection, strength, and durability for the structure.

In summary, cover blocks are crucial components in reinforced concrete construction. They play a vital
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role in maintaining the specified distance between rebars and formwork, protecting the rebars from
corrosion, ensuring structural integrity, and contributing to the overall durability and safety of the
concrete structure. Proper selection, placement, and quality control of cover blocks are essential in
construction projects.

— 5.1.10 Rebar Spacer

Rebar spacers, also known as concrete spacers or reinforcement spacers, are essential components in
reinforced concrete construction. They serve a specific purpose in maintaining the correct positioning
and alignment of reinforcement bars (rebars) within the concrete structure. These spacers ensure that
the rebars are evenly distributed throughout the concrete element, preventing congestion, ensuring
proper concrete cover, and enhancing the structural integrity of the construction.

Here’s an explanation of rebar spacers in detail:
‘ :

Fig. 5.1.12 Rebar spacer
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Purpose of Rebar Spacers
The primary purposes of rebar spacers are as follows:

* Concrete Cover: Rebar spacers are used to maintain the specified distance between the surface
of the rebars and the inner surface of the concrete formwork or shuttering. This ensures that
the rebars are embedded at the correct depth within the concrete element.

* Preventing Congestion: In densely reinforced areas of a concrete structure, such as beam-
column joints or intersections, there is a risk of rebars clustering together. Rebar spacers help
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prevent congestion by keeping the rebars evenly spaced and separated, allowing for proper

concrete placement.

e Load Distribution: Properly spaced rebars ensure uniform load distribution throughout the
concrete element, minimizing stress concentrations and enhancing the structural perfor-

mance.
Types of Rebar Spacers:

There are several types of rebar spacers available, each designed for specific applications and
preferences. Some common types include:

» Plastic Rebar Spacers: These are made of durable plastic materials and are available in various
shapes, including circular, square, and rectangular. They are often preferred for their ease of
use and resistance to corrosion.

e Concrete Rebar Spacers: These spacers are typically made of concrete and come in various
shapes and sizes. Concrete spacers are robust and suitable for heavy-duty construction.

e Wire Rebar Spacers: Wire spacers consist of metal wires bent into specific shapes. They are
often used in horizontal applications, such as slabs and beams, to maintain consistent spacing
between rebars.

» Fiber-Reinforced Rebar Spacers: These spacers are reinforced with fibers to enhance their
strength and durability. They are commonly used in applications where additional support is
required.

Key Considerations for Using Rebar Spacers:
When using rebar spacers in construction, several key considerations should be taken into account:

e Spacing Requirements: The spacing between rebar spacers should conform to the engineering
design and construction specifications, which dictate the required concrete cover and spacing
between rebars.

e Material Selection: Choose rebar spacers that are compatible with the concrete mix and
the specific application. The choice of material should consider factors such as load-bearing
capacity, durability, and corrosion resistance.

e Placement: Rebar spacers should be placed at the correct intervals along the length of
the rebars. They should be securely positioned to prevent displacement during concrete
placement.

* Uniformity: Ensure that the spacing between rebar spacers is uniform to maintain consistent
concrete cover and proper alignment of rebars.

e Quality Control: Regular inspection and quality control are essential to verify that rebar
spacers are correctly placed and that they meet the specified requirements.

Applications:

Rebar spacers are used in various reinforced concrete elements, including columns, beams, slabs,
walls, and foundations. Their use ensures that rebars are positioned at the correct depth within the
concrete, providing the necessary protection, strength, and durability for the structure.
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In summary, rebar spacers are crucial components in reinforced concrete construction. They play a
vital role in maintaining the specified spacing and alignment of rebars, preventing congestion, ensuring
proper concrete cover, and enhancing the structural integrity of concrete elements. Proper selection,
placement, and quality control of rebar spacers are essential in construction projects.

— 5.1.11 Rebar Chair

Rebar chairs, also known as concrete chairs or mesh chairs, are supportive devices used in reinforced
concrete construction to elevate and support reinforcement bars (rebars) above the ground or
formwork. These chairs ensure that the rebars are positioned at the correct height within the concrete
structure during the pouring and curing process. Rebar chairs come in various designs and materials to
accommodate different construction needs.

Fig. 5.1.13 Rebar chair

Here’s a detailed explanation of rebar chairs:
Purpose of Rebar Chairs:
The primary purposes of rebar chairs are as follows:

e Concrete Cover: Rebar chairs are used to maintain the specified distance (concrete cover)
between the surface of the rebars and the inner surface of the concrete formwork or shuttering.
This ensures that the rebars are embedded at the correct depth within the concrete element.

» Preventing Contact: By elevating the rebars, rebar chairs prevent direct contact between
the rebars and the ground or formwork, reducing the risk of corrosion, contamination, and
improper bonding with the concrete.

» Load Distribution: Properly positioned rebars, supported by rebar chairs, help distribute loads
evenly throughout the concrete structure, minimizing stress concentrations and improving
structural integrity.
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Types of Rebar Chairs:

There are several types of rebar chairs available, each designed for specificapplications and preferences.
Common types include:

* Individual Rebar Chairs: These are standalone rebar supports designed to hold single rebars
at the desired height. They are typically used in smaller-scale construction projects or for
single rebar placements.

e Continuous Rebar Chairs: Continuous or mat-style rebar chairs consist of interconnected
supports that form a mesh-like structure. They are used to support multiple rebars
simultaneously and are commonly used in larger projects with complex reinforcement
arrangements.

e Plastic Rebar Chairs: These are made of durable plastic materials and are corrosion-resistant.
Plastic rebar chairs are often preferred for their ease of use, lightweight nature, and resistance
to moisture.

e Metal Rebar Chairs: Metal rebar chairs are typically made of steel or other metals. They
are robust and suitable for heavy-duty construction but may require additional corrosion
protection measures.

Key Considerations for Using Rebar Chairs:
When using rebar chairs in construction, consider the following key considerations:

» Spacing Requirements: The spacing between rebar chairs should conform to the engineering
design and construction specifications, which dictate the required concrete cover and spacing
between rebars.

e Material Selection: Choose rebar chairs made of materials compatible with the concrete
mix and the specific application. The choice of material should consider factors such as load-
bearing capacity, durability, and corrosion resistance.

e Placement: Rebar chairs should be placed at the correct intervals along the length of the rebars.
They should be securely positioned to prevent displacement during concrete placement.

e Uniformity: Ensure that the spacing between rebar chairs is uniform to maintain consistent
concrete cover and proper alignment of rebars.

e Quality Control: Regular inspection and quality control are essential to verify that rebar chairs
are correctly placed and that they meet the specified requirements.

Applications:

Rebar chairs are used in various reinforced concrete elements, including slabs, beams, columns, walls,
foundations, and more. Their use ensures that rebars are positioned at the correct height within the
concrete, providing the necessary protection, strength, and durability for the structure.

In summary, rebar chairs are critical components in reinforced concrete construction. They play a vital
role in maintaining the specified height and alignment of rebars, preventing corrosion, and improving
structural integrity. Proper selection, placement, and quality control of rebar chairs are essential in
construction projects.
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— 5.1.12 Tolerance Limits of RCC work

Tolerance limits in reinforced concrete construction (RCC work) refer to the allowable variations or

deviations from the specified dimensions, alignments, and quality standards during the construction
process. These tolerances are essential to ensure that the finished concrete structure meets the
intended design and functional requirements while allowing for reasonable construction tolerances.

Fig. 5.1.14 Tolerance limits in reinforced concrete construction (RCC work)

Tolerance limits in RCC work typically include the following aspects:

Parameter Tolerance Limit Indian Standard Reference
Dimensional Length and Width: £10mm to #25mm | IS 456: 2000 (Code of Practice for
Tolerances Thickness: +5mm to +10mm Plain and Reinforced Concrete)

Clear Cover: £5mm to £10mm

Alignment and Verticality (Plumbness): £10mm to IS 456: 2000
Plumbness +25mm
Horizontal Alignment: £10mm to IS 456: 2000
+25mm
Surface Finish Surface Smoothness: As per project IS 456: 2000

Tolerances specifications
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Honeycombing and Voids: Minimal IS 456: 2000
allowable
Concrete Strength Compressive Strength: Within £5% to | IS 456: 2000
Tolerances +10% of design strength
Reinforcement Rebar Positioning: Within £10mm to | IS 13920: 2016 (Ductile Detailing of
Placement +25mm of specified positions Reinforced Concrete Structures)
Crack Width Crack Width: Limited to specified IS 456: 2000
Tolerances dimensions, typically 0.1mm to
0.2mm
Deflection Deflection of Structural Elements: IS 456: 2000
Tolerances Should not exceed specified limits
Elevation and Level | Finished Floor Elevation: Within IS 456: 2000
Tolerances +5mm to +10mm of specified level
Table 5.1.3 Tolerance limits in RCC work

— 5.1.13 Threading of Reinforcement Bars for Coupler
Installation

Threaded reinforcement bars are used in construction when mechanical couplers are employed to join
two rebars together. The threading process involves creating threads on the ends of the rebars, which
allows them to be connected securely using couplers.

Fig. 5.1.14 Tolerance limits in reinforced concrete construction (RCC work)
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Here’s a step-by-step guide on how to thread reinforcement bars for coupler installation:

Tools and Materials:

e Reinforcement bars (rebars)

e Rebar threading machine

e Chalk or marking pen

o Safety gear (gloves, safety glasses, ear protection)
e Thread-cutting oil (lubricant)

e Measuring tape or gauge

e Wrench (for adjusting machine settings)

Procedure:

1.

Safety Precautions:

e Put on the necessary safety gear, including gloves, safety glasses, and ear protection, to pro-
tect yourself during the threading process.

Prepare the Rebars:

e Ensure that the rebars you intend to thread are clean and free from any rust, debris, or con-
taminants.

Mark the Threading Length:

e Use chalk or a marking pen to mark the length on the rebar where you want the threads to be
created. The length of the threaded portion depends on the coupler’s specifications and the
design requirements of your project.

Set Up the Threading Machine:
e Position the rebar threading machine on a stable surface or workbench.

e Adjust the machine settings, including the cutting dies and the depth of the threads, to match
the specifications of your coupler and the marked length on the rebar.

Apply Lubricant:

e Apply thread-cutting oil or a suitable lubricant to the portion of the rebar where the threads
will be created. This lubricant helps reduce friction and heat during the threading process.

Thread the Rebar:
e Insert one end of the rebar into the threading machine’s chuck or clamping mechanism.

e Activate the threading machine, which will rotate the rebar while the cutting dies create
threads on the marked portion.

e Ensure that the threading machine moves slowly and consistently to create clean and uniform
threads.
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10.

11.

Inspect the Threads:
e Once the threading process is complete, carefully remove the rebar from the machine.

* Inspect the threads to ensure they are of the correct depth and are free from defects or

irregularities.
Clean the Threads:
e Remove any excess lubricant or debris from the threaded portion of the rebar.
Repeat for Other Rebars:

e If you need to thread multiple rebars, repeat the process for each one, ensuring that the
threads are consistent in length and quality.

Coupler Installation:

o After threading the rebars, they are ready for coupler installation. Follow the manufacturer’s

instructions for the specific coupler you are using.

e Typically, couplers have internal threads that match the threads on the rebars. Insert the
threaded ends of the rebars into the coupler and secure them according to the coupler’s

design.
Quality Control:

e Inspect the threaded rebars and coupler connections to ensure they meet the project’s
requirements and specifications. Make any necessary adjustments or corrections as needed.

Fig. 5.1.16 Threading machine for rebar

Threading reinforcement bars for coupler installation is a critical step in ensuring the integrity and
strength of concrete structures. It’s essential to follow industry standards, manufacturer guidelines,

and safety precautions to achieve reliable and secure connections between rebars using mechanical

couplers.
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— Notes [E

— QR Codes

Scan the QR code to watch the video

https://youtu.be/IdLNOmp3olA

Different Types of Ties Used in

Reinforcement Work
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Unit 5.2: Features of Reinforcement and Interpretation

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Discuss various features of One-way slab and Two-way Slab.

2. Interpret drawings, sketches, and BBS to get the details of reinforcement components required for
the cage fabrication of various RCC structures.

— 5.2.1 Features of One-way Slab and Two-way Slab

One-way and two-way slabs are two common types of reinforced concrete slabs used in construction.
They differ in their structural behavior, design considerations, and application areas.

Here are the various features of one-way and two-way slabs:

One-Way Slab:

compression area

tension zone lower fiber

Fig. 5.2.1 One-way slab

e Load Distribution: One-way slabs are designed to primarily support loads in one direction,
typically along the shorter span of the slab. They are often used in rectangular or narrow
structures where the spans in one direction significantly exceed those in the other.

e Support Conditions: One-way slabs are typically supported on two opposite sides by beams
or walls, creating a simple support condition. The load is transferred to these supports along
one direction, resulting in bending in a single direction.

o Reinforcement: In one-way slabs, reinforcement bars (rebars) are mainly placed parallel to
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the shorter span (i.e., in the direction of the primary load) to resist the bending moments
effectively. Rebars perpendicular to the primary span are used to provide shear strength.

o Design Considerations: The design of one-way slabs primarily focuses on controlling flexural
stresses. The reinforcement is concentrated in the span direction to resist bending, while
shear reinforcement is provided to prevent diagonal cracking.

e Applications: One-way slabs are commonly used in residential buildings, commercial
structures, and industrial facilities with rectangular or narrow floor plans. They are suitable
for floor and roof systems where loads are primarily distributed in one direction.

Two-Way Slab:

Fig. 5.2.2 Two-way slab

» Load Distribution: Two-way slabs are designed to support loads in two orthogonal directions,
typically along both the longer and shorter spans of the slab. They distribute loads more
evenly in multiple directions.

e Support Conditions: Two-way slabs are supported on all four sides or around the entire
perimeter. This creates a more complex support condition, where loads are distributed in both
directions, resulting in biaxial bending.

e Reinforcement: In two-way slabs, the reinforcement consists of both main bars (running in
two directions) and distribution bars (running perpendicular to the main bars). This provides
the slab with the ability to resist bending moments in both directions.

o Design Considerations: The design of two-way slabs involves controlling both flexural and
shear stresses. The distribution of reinforcement ensures that the slab can distribute loads
effectively in both orthogonal directions while maintaining structural integrity.

e Applications: Two-way slabs are suitable for a wide range of structures, including large
commercial buildings, residential complexes, bridges, and industrial facilities. They are used
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in areas where loads are distributed in multiple directions or where larger spans are required.

e Construction Complexity: Two-way slabs are often more complex to construct and reinforce
compared to one-way slabs due to the need for reinforcement in two directions and more

intricate support systems.

In summary, the key distinction between one-way and two-way slabs lies in their load distribution
and support conditions. One-way slabs are primarily designed for single-directional loads and have
simpler support conditions, while two-way slabs are designed for biaxial load distribution and have
more complex support and reinforcement arrangements. The choice between one-way and two-way
slabs depends on the specific structural requirements and architectural considerations of the project.

—5.2.2 Deciphering Blueprint Details for RCC Cage Fabrication —
in various Structures
Interpreting drawings, sketches, and BBS (Bar Bending Schedule) to understand the reinforcement

components required for the cage fabrication of various RCC (Reinforced Concrete) structures is a
crucial skill in the field of civil engineering and construction.
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Fig. 5.2.3 RCC Cage Fabrication in various Structures

Here’s a step-by-step guide on how to do this:

1. Understand the Purpose and Scope:

Before diving into the details, it’s essential to understand the purpose and scope of the RCC
structure you’re working on. Different structures, like beams, columns, slabs, and footings, will
require different types and quantities of reinforcement.

2. Review the Drawings:

Start by reviewing the architectural and structural drawings of the RCC structure. These drawings




provide an overview of the entire project and help you identify the location and dimensions of

various structural elements.
3. Analyze Structural Drawings:

Focus on the structural drawings, which typically include plans, elevations, sections, and details of
each element. Pay attention to:

o Dimensions: Note the dimensions of the structural elements, including length, width, and
height.

e Spacing: Check the spacing between bars, stirrups, and ties.

e Cover: Determine the cover, which is the distance between the outer surface of the

concrete and the reinforcement bars.
e Grade of Steel: Identify the grade and type of steel specified for reinforcement.
o Lap Lengths: Note any specified lap lengths for overlapping reinforcement bars.
4. Bar Bending Schedule (BBS):

The BBS is a document that provides detailed information about the type, size, quantity, and
placement of reinforcement bars for each structural element. It typically includes the following

information:
e Bar Mark: A unique identifier for each bar.
e Bar Diameter: The diameter of the reinforcement bar (e.g., 12mm, 16mm).
o Bar Length: The length of each bar before bending.

e Shape and Bends: Instructions for bending the bars to the required shape, including

angles and dimensions.
e Quantity: The number of bars required for each element.

o Location: The specific location within the structure where each bar is placed.

Fig. 5.2.4 Bar bending schedule
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5. Identify Special Details:

Some structural elements may have specific details that require special attention, such as anchoring
reinforcement bars into existing concrete, providing hooks, or using special shapes like U-bars or
L-bars.

6. Prepare a Reinforcement Fabrication Plan:

Based on the information gathered from the drawings and BBS, create a detailed plan for fabricating
the reinforcement cage. This plan should include:

o Cutting and Bending: Specify the cutting and bending dimensions for each bar.

e Assembly: Define how the bars will be assembled to form the cage.

e Placement: Determine the order in which the bars will be placed within the formwork.
7. Quality Control and Inspection:

During and after fabrication, ensure that the reinforcement cage complies with the specifications,
dimensions, and tolerances outlined in the drawings and BBS. Perform quality control checks to
verify the accuracy of the fabrication.

8. Documentation:

Maintain detailed records of the reinforcement fabrication process, including as-built drawings
and any deviations from the original plans.

9. Coordinate with Construction Team:

Work closely with the construction team to ensure that the fabricated reinforcement cages are
installed correctly and in the right location within the concrete forms.

Interpreting drawings, sketches, and BBS accurately is critical for ensuring the structural integrity of
RCC structures. Attention to detail and adherence to specifications are key to successful reinforcement
cage fabrication.

— 5.2.3 Tabular Breakdown of the RCC (Reinforced Concrete) —
Cage Fabrication Process for various
RCC (Reinforced Concrete) cage fabrication is a critical process in the construction of various structures,

including beams, columns, slabs, footings, walls, and more. These cages provide the structural
reinforcement necessary to withstand loads and ensure the durability of the concrete elements.

Below is an overview of the RCC cage fabrication process for various structures:

Step Description

1. Gather Project Infor- | Obtain construction drawings and plans for the specific structure to
mation understand the requirements and reinforcement details.

2. Material Procurement | Procure necessary reinforcement materials, including steel bars, stirrups,

ties, and any specialty items as per project specifications.
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3. Bar Bending Schedule
(BBS)

Refer to the BBS provided in the project documentation, which outlines
bar details, sizes, shapes, quantities, and placement locations.

4. Cutting and Bending

Use bar bending machines to cut and bend steel bars to required shapes
and dimensions specified in the BBS.

5. Assembling the Cage

Arrange the bent bars in their designated positions to form the cage
structure, ensuring they match the approved fabrication plan.

6. Spacers and Cover
Blocks

Add spacers and cover blocks as needed to maintain the specified
concrete cover over the reinforcement, ensuring proper clearances.

7. Tying and Fastening

Secure bars in position by tying them together with wire ties, clips, or
other approved methods to maintain alignment and spacing.

8. Quality Control

Perform quality checks to verify the fabricated cage conforms to the
construction drawings, BBS, and other specifications, ensuring accuracy.

9. Tagging and Marking

Label each cage element with its corresponding bar mark as specified in
the BBS for accurate placement during concrete pouring.

10. Storage and
Transportation

Store fabricated cages properly to prevent damage or contamination,
and transport them carefully to the construction site without
deformation.

11. Installation in
Formwork

Place the fabricated RCC cages into the formwork, ensuring proper
alignment and support as per structural drawings and specifications.

12. Concrete Pouring

Coordinate with the concrete placement team to pour concrete around
the cages, using vibrators to eliminate air voids and ensure proper
consolidation.

13. Curing and
Protection

After the concrete sets, follow curing procedures to enhance its strength
development, and protect it from environmental factors during the
curing period.

14. Inspection and
Documentation

Inspect the finished RCC elements for quality and compliance with
design specifications, documenting any deviations or issues requiring
attention.

Table 5.2.1 RCC cage fabrication process
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Fig. 5.2.5 RCC cage fabrication process
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— Notes [E

— QR Codes

Scan the QR code to watch the video

https://youtu.be/tIZP-tX9b3Y

One Way and Two Way Slabs



https://youtu.be/tIZP-tX9b3Y
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Unit 5.3: Reinforcement Preparation and Handling

— Unit Objectives |@

At the end of this unit, you will be able to:

1. Demonstrate cutting and bending of the reinforcement bar to prepare the materials for the cage

fabrication as per the required RCC structure.
Describe the requirements and methods for providing lap joints to the reinforcement bars.
Calculation of lap length and development length for different diameter of reinforcement bars.

Demonstrate lapping of reinforcement for different diameter of reinforcement bars.

A

Perform tagging and stacking of prepared reinforcement materials as per the standard procedure.

— 5.3.1 Cutting and Bending of the Reinforcement Bar to
Prepare Materials for the Cage Fabrication as per the
required RCC Structure

A step-by-step demonstration of cutting and bending a reinforcement bar (rebar) to prepare the
materials for the cage fabrication, as per the requirements for an RCC structure.
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Fig. 5.3.1 Cutting and bending a reinforcement bar (rebar)

Please note that safety precautions, such as wearing appropriate personal protective equipment (PPE)

and using the necessary tools, are essential when working with rebar.

Tools and Materials Needed:

e Reinforcement bar (rebar)
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Rebar cutter
Rebar bender
Safety gloves

Safety glasses

Step 1: Gather the Tools and Materials

Ensure you have all the required tools and materials ready.

Step 2: Measure and Mark the Rebar

Measure the required length of the rebar according to the construction drawings and specifi-
cations for the RCC structure.

Use a measuring tape or a steel square to make accurate marks on the rebar where it needs
to be cut.

Step 3: Cutting the Rebar

Put on safety gloves and safety glasses to protect yourself from any potential flying debris.

Place the marked rebar in a rebar cutter, aligning the cutting mark with the cutting edge of
the tool.

Operate the rebar cutter by applying steady pressure on the handles until the rebar is cut
cleanly.

Step 4: Bending the Rebar

Measure and mark the locations on the rebar where bends are required, following the bend-
ing details specified in the construction drawings and BBS.

Use a rebar bender, which is a tool specifically designed for bending rebar.
Insert one end of the rebar into the bender, aligning it with the marked bend point.

Apply force to the opposite end of the rebar while using the bender’s handles to create the
desired bend.

Repeat this process for each bend, ensuring they match the required angles and dimensions.

Step 5: Verify Dimensions and Quality

After cutting and bending the rebar, double-check the dimensions and angles to ensure they
meet the specifications in the construction drawings and BBS.

Inspect the cut ends for any sharp burrs or irregularities, and remove them using a rebar file
or grinder if necessary.

Step 6: Assemble the Rebar Cage

Assemble the cut and bent rebar pieces into the desired cage configuration for the specific
RCC structural element (e.g., column, beam) following the approved fabrication plan.

Secure the rebar pieces together using wire ties, clips, or other approved methods, ensuring
proper spacing and alignment.
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Step 7: Quality Control

e Perform a quality control check to ensure that the fabricated rebar cage matches the construc-
tion drawings, BBS, and design requirements.

e Make any necessary adjustments or corrections to achieve the desired cage configuration and
dimensions.

By following these steps, you can successfully cut and bend a reinforcement bar to prepare the
materials for the cage fabrication in accordance with the requirements of the RCC structure. Always
adhere to safety guidelines and project specifications during the process.

—5.3.2 Requirements and Methods for providing Lap Joints ——
to the Reinforcement Bars
Providing lap joints to reinforcement bars is

a common practice in reinforced concrete
construction.

Lap joints are used to ensure the continuity of
reinforcement across sections where two bars
overlap, maintaining the structural integrity of the
concrete element.

Here are the requirements and methods for
providing lap joints to reinforcement bars:

Requirements for Lap Joints:

e Code Compliance: Ensure that the lap joints

comply with the building code, design Fig. 5.3.2 Lap joints to the reinforcement bars
specifications, and structural engineering
guidelines applicable to the project.

o Lap Length: Determine the required lap length based on the structural design and the
properties of the concrete and steel being used. Lap length is typically specified in the project’s
structural drawings or Bar Bending Schedule (BBS).

o Bar Type and Grade: Use reinforcement bars (rebars) of the correct type and grade specified
in the design. The type and grade of steel bars should meet project requirements and industry
standards.

e Proper Positioning: Position the lap joint at the location specified in the design drawings.
Ensure that the overlap occurs in a structurally significant section of the concrete element.

e Clean and Free from Contaminants: Ensure that the ends of the bars to be lapped are clean
and free from rust, mill scale, dirt, grease, or any other contaminants that could affect bond
strength.
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Methods for Providing Lap Joints:

There are several methods for providing lap joints in reinforcement bars. The choice of method depends

on project specifications and engineering requirements. Here are three commonly used methods:

1. Standard Lap Joint:

This is the most straightforward method.
Overlap two bars by the specified lap length, as per the design.
Secure them together using tie wires, clips, or other approved mechanical connectors.

Ensure that the overlap is in a region with adequate concrete cover, typically in the middle
third of the span between supports.

2. Welded Lap Joint:

In some cases, lap joints can be welded to achieve continuity.
Ensure that the bars are clean and properly aligned.

Weld the overlapped section using electric arc welding or another approved method, following
industry standards and safety precautions.

Welding should be performed by qualified personnel.

3. Mechanical Couplers:

Mechanical couplers are pre-fabricated connectors that join two reinforcement bars together.
Cut the bars to the specified length, ensuring they have clean and perpendicular ends.

Insert the bars into the mechanical coupler, ensuring proper engagement.

Tighten the coupler according to the manufacturer’s recommendations.

Mechanical couplers can simplify the construction process and improve the reliability of lap
joints.

Additional Considerations:

Ensure proper concrete cover over the lap joint, as specified in the design.

Avoid excessive congestion of reinforcement in the lap joint area, as it can hinder concrete
placement and compaction.

Document the installation of lap joints and maintain records for inspection and quality control
purposes.

Conduct inspections to verify that lap joints are installed correctly, and conduct any required
tests, such as pull-out tests, to assess the bond strength of the joints.

Itis essential to follow the project-specific design and engineering guidelines when providing lap joints

to reinforcement bars to ensure the structural integrity and safety of the reinforced concrete element.

— 5.3.3 Calculation of Lap Length and Development Length
for different Diameter of Reinforcement Bars

Calculating the lap length and development length for different diameter reinforcement bars is
essential in reinforced concrete design. These lengths ensure that the bars can safely carry the applied
loads and transfer them between different sections of the structure.
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10 mm 13 mm 16 mm 19 mm 22 mm
25 mm 29 mm 32 mm 36 mm 43 mm

Fig. 5.3.3 Calculating the lap length and development length

Here’s how to calculate both the lap length and development length for different bar diameters:

Development Length (Ld):

The development length is the length of the reinforcement bar required to develop its full strength
and bond with the surrounding concrete. It varies with the diameter of the bar and the concrete’s
strength. The formula for calculating development length is typically provided in structural codes or
design guidelines. A commonly used formula is:

Ld = (D *fy) / (4 * oc)
Where:
e Ld =Development length (in mm)
e @ = Diameter of the reinforcement bar (in mm)
o fy =Yield strength of the steel bar (in N/mm? or MPa)

o oc=Permissible bond stress between concrete and steel (typically specified in N/mm? or MPa)

The permissible bond stress (oc) depends on factors like the type of bar surface (deformed or plain),
concrete quality, and environmental conditions. It can be obtained from relevant design codes or

literature.
Lap Length (Lap):

The lap length is the length by which one bar needs to overlap with another bar to ensure continuity of
stress in the reinforced concrete member. The lap length depends on factors such as the bar diameter,
concrete strength, and structural requirements. The formula for calculating lap length is as follows:

Lap = (D * Ld) / (4 * ost)
Where:

e Lap = Lap length (in mm)
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e O = Diameter of the reinforcement bar (in mm)

e Ld =Development length (calculated using the formula mentioned above)

o ost = Stress in the reinforcement at the point of lapping (in N/mm? or MPa)
The stress in the reinforcement at the point of lapping depends on the applied loads and the design of
the concrete member. You will need to calculate this stress based on the specific structural conditions.

Example:

Let’s say you have a Grade 40 concrete (oc =4 N/mm?) and a Grade 500 steel reinforcement (fy = 500
N/mm?) with a 12mm diameter bar (® = 12mm). You want to calculate the development length and
lap length for this scenario.

1. Calculate the development length:
Ld = (12 * 500) / (4 * 4) =3750 mm

2. Determine the stress in the reinforcement at the point of lapping (ost) based on the specific
structural conditions and loads.

3. Calculate the lap length using the determined development length:
Lap = (12 * 3750) / (4 * ost)

Remember that these calculations are simplified examples, and actual structural designs may involve
more complex factors. Always refer to local building codes, structural engineering guidelines, and
project-specific requirements for accurate calculations and design considerations.

— 5.3.4 Lapping of Reinforcement for different Diameter of ——
Reinforcement Bars
Lapping of reinforcement bars is a crucial process in reinforced concrete construction, ensuring the

continuity and strength of the reinforcement. Here, I'll demonstrate how to lap reinforcement bars of
different diameters, specifically a larger-diameter bar (D1) and a smaller-diameter bar (D2).

Fig. 5.3.4 Lapping of reinforcement bars
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We'll use a simple overlap method with a mechanical coupler for a clear visual demonstration:
Tools and Materials Needed:

e Reinforcement bars (D1 and D2)
e Mechanical coupler

e Steel wire or tie wire

e Rebar cutter (if needed)

o Safety gloves and glasses

Step-by-Step Demonstration:
Step 1: Gather the Materials and Tools

e Ensure that you have all the required tools and materials ready.

Step 2: Measure and Cut the Bars (if Needed)

e Measure the required lengths of both the larger-diameter bar (D1) and the smaller-diameter
bar (D2) based on the design and lap length requirements.

e Use a rebar cutter to cut the bars to the specified lengths if necessary. Ensure clean and
perpendicular cuts.

e Step 3: Prepare the Mechanical Coupler

e Select a mechanical coupler that is suitable for joining the two different diameter bars.
Mechanical couplers come in various sizes and types, so ensure you choose the appropriate
one.

e Follow the manufacturer’s instructions for preparing the coupler for installation.
e Step 4: Insert the Bars into the Coupler

o Slide one end of the larger-diameter bar (D1) into the mechanical coupler, ensuring it is fully
engaged and properly seated.

e Insert the smaller-diameter bar (D2) into the other end of the coupler, ensuring it also fits
securely.

e Check that the bars are aligned and fully seated within the coupler.
e Step 5: Secure with Tie Wire
e Wrap steel wire or tie wire tightly around the joint where the bars enter the coupler.

e Twist and secure the wire to ensure a snug fit and to prevent any movement or separation of
the bars.

e Step 6: Quality Control

o Verify that the lap joint complies with the design specifications, lap length requirements, and
any other project-specific criteria.
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* Inspect the lap joint for proper alighment, engagement, and secure fastening of the bars.
e Step 7: Document the Installation

» Keep a record of the lapping process, including the type of mechanical coupler used, the
dimensions of the bars, and the lap length achieved.

e Maintain records for quality control and inspection purposes.

This demonstration shows basic steps for lapping reinforcement bars of different diameters using a
mechanical coupler. It’s essential to follow the project’s design and engineering guidelines, as well as
any local building codes and safety standards, when performing this operation on a construction site.

— 5.3.5 Perform Tagging and Stacking of prepared
Reinforcement Materials
Tagging and stacking of prepared reinforcement materials are essential steps in construction to

maintain organization, quality control, and ease of access when the materials are needed for various
phases of the project.

Fig. 5.3.5 Tagging and stacking of prepared reinforcement materials

Here’s a step-by-step guide on how to perform tagging and stacking of prepared reinforcement
materials following standard procedures:

Tools and Materials Needed:

e Prepared reinforcement materials (cut and bent rebar)
e Tags or labels

e Marking pen or marker
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o Safety gloves and glasses (as needed)
o Stacking racks or supports (if available)

Step-by-Step Procedure:
Step 1: Inspection and Verification

Verify that the prepared reinforcement materials, such as cut and bent rebar, are in accordance with
the approved fabrication plan, Bar Bending Schedule (BBS), and project specifications.

Step 2: Grouping by Type and Size

Group the reinforcement materials by type (e.g., main bars, distribution bars, stirrups) and size
(diameter) if applicable. This grouping helps during tagging and stacking.

Step 3: Tagging or Labelling

Attach tags or labels to each bundle or individual piece of reinforcement material. Use a marking pen
or marker to write essential information on the tags or labels, including:

e Bar mark or identification number

e Diameter and type of the reinforcement bar

e Quantity (if applicable)

e Location or reference to the construction drawing (e.g., beam A, column C1)
Ensure that the tags or labels are securely attached to the reinforcement materials and that the
information is legible and won’t easily wear off.

Step 4: Stacking or Racking

Arrange the tagged reinforcement materials on stacking racks or supports, if available. Stacking keeps
the materials off the ground, prevents contact with moisture or contaminants, and maintains order.

Ensure that the materials are stacked in a way that makes it easy to access and retrieve them when
needed for construction. Place similar types and sizes of materials together to minimize confusion.

If stacking racks or supports are not available, create a designated storage area that is clean, dry,
and well-ventilated. Ensure materials are stacked off the ground on wooden blocks or other suitable
supports.

Step 5: Maintain Records
Keep records of tagged reinforcement materials, including a log of bar marks, quantities, and locations.
Step 6: Regular Inspection

Periodically inspect the stacked or racked materials to ensure they remain in good condition, free from
damage, and that the tags or labels are still readable.
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Step 7: Accessibility and Safety

Ensure that the stacked or racked reinforcement materials are easily accessible to construction crews
but do not pose safety hazards. Maintain clear pathways and safe working conditions around the
storage area.

Step 8: Quality Control

Perform quality control checks, including verifying that the tagged materials match the fabrication
plan and that they are used in the correct locations and quantities during construction.

By following these standard procedures for tagging and stacking prepared reinforcement materials,
you can enhance the organization, efficiency, and quality control of your construction project. Properly
labelled and stored materials help prevent errors and ensure that the right materials are used in the
right places at the right time.

— 5.3.6 Prefabricated Cages

Prefabricated cages, often referred to as pre-assembled or pre-fab cages, are a component of reinforced
concrete construction used to simplify and expedite the process of reinforcing concrete structures.
These cages consist of pre-cut, pre-bent, and pre-assembled steel reinforcement bars (rebar) that are
manufactured off-site and delivered to the construction site in ready-to-install form.

Fig. 5.3.6 Prefabricated cages

Here are some key points about prefabricated cages:

1. Time and Labor Savings:
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e Prefabricated cages save time and reduce labor costs compared to on-site cutting, bending,
and assembling of individual rebars. The pre-assembled nature accelerates construction
schedules.

Precision and Quality:

e Manufacturers use specialized machinery and processes to ensure precise cutting and bending
of rebar, resulting in consistent and accurate cage dimensions.

e Quality control measures during fabrication help maintain the structural integrity and strength
of the reinforcement.

Customization:

o Prefabricated cages can be customized to match the specific requirements of the project,
including cage dimensions, bar types, and spacing, as per the structural design.

Types of Prefabricated Cages:

o Prefabricated cages are available for various structural elements, such as columns, beams, pile
caps, walls, and slabs.

e They come in different shapes, including circular cages for columns, rectangular cages for
beams, and mesh cages for slabs.

Installation Ease:

o Prefabricated cages arrive at the construction site ready for installation, reducing the need for
skilled labor to cut and bend rebar on-site.

« Installation typically involves placing the prefabricated cage in the formwork and securing it in
the correct position, which simplifies the process.

Structural Integrity:

e Properly fabricated and installed prefabricated cages maintain the structural integrity of
the reinforced concrete elements by ensuring the correct placement and alignment of
reinforcement.

Quality Assurance:

e Prefabricated cages are subject to quality control checks during manufacturing to ensure they
meet industry standards and project specifications.

Cost Considerations:

e While prefabricated cages may have upfront costs associated with manufacturing and
transportation, they can lead to cost savings in terms of reduced labor, shorter construction
schedules, and improved accuracy.

Sustainability:

» Prefabricated cages can contribute to sustainability efforts by reducing material waste and on-
site energy consumption related to rebar fabrication.
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10. Compatibility with Building Information Modeling (BIM):

e Prefabricated cages can be designed and integrated into Building Information Modeling (BIM)
systems, allowing for better coordination and visualization of the reinforcement within the
overall construction project.

Overall, prefabricated cages offer a practical and efficient solution for reinforcing concrete structures,
helping to streamline construction processes and enhance the quality and accuracy of reinforced
concrete elements. They are particularly beneficial for projects with tight schedules or complex
reinforcement requirements.

— 5.3.7 Fabrication of a Steel Cage On-Site

Fabricating a steel cage on-site is a fundamental process in reinforced concrete construction. It involves
cutting and bending steel bars (rebar) to create a framework that provides strength and durability to
concrete structures.

Fig. 5.3.7 Fabricating a steel cage

Here’s a brief overview of the key steps in this process:

Step Description

1. Gather Materials and | Collect the necessary materials and tools, including steel bars (rebar),
Tools cutting and bending machines, safety equipment (gloves, glasses), tie
wire, pliers, and measuring instruments. Ensure that the steel bars are
of the correct type, grade, and diameter as specified in the construction

plans.
2. Review Design Review the construction drawings, Bar Bending Schedule (BBS), and
Specifications any other design specifications to understand the required dimensions,

shapes, and quantities of the steel bars for the cage.




3. Mark and Measure Measure and mark the steel bars according to the specified lengths and

bend angles using a measuring tape and marking pen. Ensure precise
measurements to meet the design requirements.

4. Cut the Rebar Use a rebar cutter to cut the steel bars to the required lengths based on
the measurements and markings. Ensure clean, perpendicular cuts to
maintain the integrity of the bars.

5. Bend the Rebar Place the cut bars into a rebar bending machine, aligning them with the
marked bend locations. Bend the bars to the specified angles and shapes
following the design requirements and BBS.

6. Assemble the Cage Arrange the bent steel bars to form the cage structure, ensuring that
they match the approved fabrication plan and design. Connect the
bars using tie wire, wire clips, or other approved methods, maintaining
proper spacing and alignment.

7. Check Dimensions Verify that the assembled cage meets the required dimensions,
and Alignment clearances, and alighnment specified in the construction drawings and
design documents. Make any necessary adjustments.

8. Secure the Cage Use additional tie wire or wire clips to secure the bars firmly in their
designated positions. Ensure that the cage maintains its shape and
structural integrity during concrete placement.

9. Perform Quality Conduct a quality control check to ensure that the fabricated steel
Control cage adheres to the design specifications, BBS, and other project
requirements. Inspect for correct dimensions, shapes, and clearances.

10. Tag and Mark the Label each element of the steel cage with its corresponding bar mark
Cage or identification number as specified in the BBS. Proper tagging helps
ensure accurate placement during concrete pouring.

11. Store and Protect Store the fabricated steel cage in a clean, organized manner to prevent
damage or contamination. Protect it from environmental factors such as
rain, wind, and sun. Avoid bending or deformation during storage and
transportation.

12. Install in Formwork | Place the steel cage into the formwork according to the project schedule
and structural drawings. Ensure proper alignment and support within
the formwork to maintain the correct position.

13. Concrete Pouring Coordinate with the concrete placement team to pour concrete
smoothly around the steel cage. Utilize concrete vibrators to eliminate
air voids and ensure proper consolidation.

14. Curing and After the concrete has set, follow the recommended curing procedures
Protection to promote strength development. Protect the concrete from
environmental factors as required during the curing period.

15. Inspection and Inspect the finished reinforced concrete element to ensure it meets
Documentation quality standards and design specifications. Document any deviations
or issues that need to be addressed for quality control and reporting

purposes.

Figure 5.3.1 Cutting and bending steel bars (rebar) to create a framework
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Fig. 5.3.8 On-site fabrication of a steel cage for reinforcing concrete structures

Following these steps will help ensure the successful on-site fabrication of a steel cage for reinforcing
concrete structures. Collaboration and communication with the project team, including architects,
engineers, and contractors, are essential throughout the process to meet design and quality standards.
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Answer the following questions:

Short Questions:

1. Whatisthe primary difference between Mild Steel and TMT steel reinforcement bars regarding
their material properties?

2. Inwhat situations is a one-way slab typically used, and how does it differ from a two-way slab
in terms of load distribution?

3. Whyisit crucial to interpret construction drawings and Bar Bending Schedules (BBS) accurately
before cage fabrication in RCC structures?

4. What are the key steps involved in bending reinforcement bars during the preparation of
materials for cage fabrication?

5. Why is providing proper lap joints to reinforcement bars important in reinforced concrete

structures?

Fill-in-the-Blanks:

1.

TOR steel reinforcement bars are known for their and are commonly used in
applications.

(a) high strength, bridges

(b) corrosion resistance, residential

One-way slabs are designed to primarily support loads in the direction, while
two-way slabs distribute loads in directions.

(a) longitudinal, one

(b) transverse, two

To determine the reinforcement components required for cage fabrication, it’s essential to
accurately interpret and

(a) design drawings, concrete mix

(b) drawings, Bar Bending Schedules (BBS)

During the process of cutting and bending reinforcement bars, it’s important to ensure
and maintain cuts.

(a) clean, skewed

(b) perpendicular, clean

The development length for reinforcement bars depends on factors such as the bar

and___ ofconcrete.

(a) grade, type

(b) diameter, strength
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True/False:

1. True or False: TMT steel reinforcement bars are characterized by their corrosion resistance
and are often used in coastal construction.

2. True or False: One-way slabs are suitable for supporting loads in multiple directions.

3. True or False: Accurate interpretation of drawings and BBS is essential for successful cage
fabrication in RCC structures.

4. True or False: Lap joints are not necessary for maintaining the strength and integrity of
reinforced concrete structures.

5. True or False: Lap length and development length calculations for reinforcement bars are
independent of the diameter of the bars.
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— QR Codes

Scan the QR code to watch the video

I‘

https://youtu.be/Rcoc7FV50uA

Steel Cage Fabrication for Piles
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6. Fixing Reinforcement
Components to
Fabricate Cage/ Mesh
for the R.C.C Structures

Unit 6.1 - Understanding Reinforcement Bars
Unit 6.2 - Features of Reinforcement and Interpretation

Unit 6.3 - Reinforcement Preparation and Handling
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Key Learning Outcomes

i

S ;,

At the end of this module, you will be able to:

1.
2.

10.

11.

Interpret drawings and sketches prior to fabrication and fixing of reinforcements bars.

Distinguish between the different type of reinforcement bars based on type of materials/ range of
strength such as Mild Steel, TOR steel, TMT steel, and their application.

Explain the insertion and fixing sequence of different types of R.C.C structural elements such as
beam, column, slab, wall, footing, staircase etc.

Classify the different types of ties based on their use and strength.
Use different types of ties as per their utilities to fix the different components of the RCC structure.

Explain the importance of chairs, spacer bars, hanger bars, and cover blocks while cage fabrication
and concreting operation for various RCC structures.

Demonstrate placing and fixing of chairs, spacers and hanger bars.
Discuss the procedure to shift, position and fix the pre-fabricated cage to its designated place.

Erect temporary supports/ mark necessary layout required to fabricate cage/ mesh for various
RCC structures such as beam, column, slab, wall, footing, staircase etc.

Demonstrate marking procedures, insertion of different reinforcement components (such as bars,
stirrups, bent up bars etc.) and providing initial fixing ties to fabricate the required cage for the
various RCC structures such as beam, column, slab, wall, footing, staircase etc. as per the drawing/
BBS.

Demonstrate the shifting, positioning and fixing of pre-fabricated cages as per the requirement.
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Unit 6.1: Interpretation and Classification of Reinforcement
Components

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Interpret drawings and sketches prior to fabrication and fixing of reinforcement bars.
2. Distinguish between different types of reinforcement bars based on materials and strength.

3. Classify the different types of ties based on their use and strength.

—6.1.1 Interpreting Drawings for Rebar Work

The interpretation of drawings and sketches is a crucial step in the construction process, especially
when it comes to the fabrication and fixing of reinforcement bars (rebars) for reinforced concrete

structures.

Fig. 6.1.1 Interpretation of drawings and sketches

Here’s a detailed explanation of how to interpret drawings and sketches before proceeding with rebars
fabrication and fixing:

e Review architectural and structural drawings.
e Focus on relevant sections.

e Understand structural details and notes.

e Check Bar Bending Schedule (BBS).

* Note special requirements and loads.

e Collaborate with engineers as needed.




Participant Handbook

e Create a rebar fabrication plan.
e Proceed with cutting and bending as per the plan.

Interpreting drawings and sketches accurately is vital for ensuring that the reinforcement work aligns
with the structural design and safety standards. It helps prevent errors, ensures structural integrity,
and contributes to the successful completion of the construction project.

— 6.1.2 Types of Reinforcement Bars based on Materials and —
Strength

Reinforcement bars (rebars) come in various types based on materials and strength characteristics.
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Fig. 6.1.2 Rebars in various types based on materials and strength characteristics

Here’s a distinction between different types of rebars:

1. Mild Steel Bars (MS):
e Material: Low carbon steel (max 0.25% carbon).
e Strength: Lower (250-410 MPa).
e Use: Small to medium-scale projects.
2. TOR Steel Bars (Twisted Deformed):
o Material: Low carbon steel, twisted.
e Strength: Higher (415-600 MPa).

e Use: Medium-scale construction, higher strength.
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3. TMT Steel Bars (Thermo-Mechanically Treated):
e Material: Special alloy steel.
e Strength: Excellent (500-700 MPa).
e Use: Modern construction, high-rise buildings.
4. HSD Bars (High Strength Deformed):
o Material: Carbon steel, heat-treated.
e Strength: Exceptional (>600 MPa).
e Use: Large-scale projects, extreme strength.
5. Epoxy-Coated Bars:
e Material: TMT or HSD bars with epoxy coating.
e Strength: Varies based on core material.
e Use: Corrosion-prone environments.
6. Galvanized Bars:
e Material: Zinc-coated bars.
e Strength: Varies based on core material.
e Use: High-humidity areas, corrosion prevention.

These brief descriptions highlight key differences in material, strength, and typical applications for
each type of rebar.

—6.1.3 Classification of Ties based on Use and Strength

Reinforcement bars (rebars) come in various types based on materials and strength characteristics.

Fig. 6.1.3 Classification of ties based on use and strength
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Here’s a distinction between different types of rebars:

Reinforcement ties are essential in construction for securing and maintaining the position of
reinforcement bars (rebars) within concrete structures. They are classified based on their use and
strength. Here’s a classification of different types of ties:

Based on Use:
e Spacer Ties:

¢ Use: Maintain the correct spacing between parallel rebars, ensuring uniform concrete

cover.

+ Description: These ties are typically short and used at regular intervals along the length
of the rebars.

e  Stirrup Ties:

¢ Use: Secure vertical rebars (stirrups) that provide lateral support to the main longitudinal

rebars.

¢ Description: Stirrup ties are typically U-shaped and encircle the main rebars and the
stirrups.

e Spiral Ties:

¢ Use: Provide additional lateral support to rebars in circular or spiral-shaped structures
like columns.

¢ Description: These ties wrap around the rebars in a spiral pattern.
e Snap Ties:

¢ Use: Used in formwork to hold the forms together and maintain the correct spacing of

rebars during concrete pouring.

+ Description: Snap ties are typically removable and reusable and are often used in vertical

applications.
Based on Strength:
e Standard Ties:
¢ Strength: Typically made of mild steel wire.
¢ Use: Suitable for regular concrete structures with moderate loads.
e Heavy-Duty Ties:

¢ Strength: Made of thicker and stronger wire, sometimes galvanized for added durability.
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¢ Use: Used in high-stress applications or where extra strength is required.
e High-Tensile Ties:
¢ Strength: Made from high-tensile steel wire.

¢ Use:Used incritical structural elements or high-stress environments to withstand extreme

loads.
e Plastic Ties:
¢  Strength: Made of plastic materials.
¢ Use: Often used in non-corrosive environments and when electrical insulation is needed.
e Wire Rod Ties:
¢  Strength: Made from wire rod, providing robust tying strength.
¢ Use: Suitable for heavy-duty construction projects.

The classification of ties based on use and strength allows construction professionals to select
the appropriate tie type for specific applications, ensuring that reinforcement remains secure and
positioned correctly within concrete structures while also meeting structural and safety requirements.
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— Notes |E

— QR Codes

Scan the QR code to watch the video
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https://youtu.be/34mtpno_3pE

Tools used for Tying Rebar



https://youtu.be/34mtpno_3pE

Bar Bender and Steel Fixer

Unit 6.2 : Fixing Reinforcement Components and Cage
Fabrication

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Explain the insertion and fixing sequence of different types of R.C.C structural elements.
2. Use different types of ties to fix the different components of the RCC structure.
3. Discusstheimportance of chairs, spacer bars, hanger bars, and cover blocks during cage fabrication.

4. Demonstrate placing and fixing of chairs, spacers, and hanger bars.

—6.1.1 Interpreting Drawings for Rebar Work

RCC structural elements comprise the following structures:

e Footing
e Column
e Beam

» Slab

e Wall

o Staircase

Here’s a tabular breakdown of the insertion and fixing sequence for various RCC structural elements:

Structural Insertion and Fixing Sequence

Element

1. Excavate the foundation trench to the specified depth and dimensions.

2. Place and compact a layer of lean concrete or blinding over the excavated
area.

3. Insert steel dowels or starter bars into the blinding, ensuring they are
securely fixed.

4. Construct the formwork for the footing, ensuring it is properly aligned and

Footing level.

5. Place and secure the reinforcement cage inside the formwork as per the
design and BBS.

6. Pour concrete into the formwork, ensuring thorough compaction and
consolidation.

7. Finish the surface, and cure the footing as per specifications.

8. After curing, remove the formwork, and conduct any necessary inspections.
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1. Construct the column formwork, ensuring it is plumb, aligned, and
adequately braced.

2. nsert and secure vertical reinforcement bars (main bars) into the formwork,
making sure they are correctly positioned as per the BBS.

3. Place horizontal ties or stirrups around the vertical bars at specified intervals.

Column 4. Pour concrete into the formwork, vibrating it to ensure proper compaction
and filling of voids.

5. Finish the top surface of the column as required.
6. Cure the column as per specifications.

7. After curing, remove the formwork, and inspect the column for compliance.

1. Erect formwork for the beam, ensuring it is level, aligned, and adequately
braced.

2. Place and secure the bottom layer of longitudinal reinforcement bars (main
bars) into the formwork per the BBS.

3. Add any required stirrups or lateral ties at specified intervals.

4. Place any additional layers of main bars and stirrups, if necessary, according
to design requirements.

sear 5. Pour concrete into the formwork, vibrating to ensure proper consolidation.
6. Finish the top surface of the beam as needed.
7. Cure the beam as per specifications.
8. After curing, remove the formwork, and inspect the beam for compliance.
1. Prepare the subgrade and provide any necessary formwork or falsework to
support the slab during construction.
2. Place any required insulation or damp-proofing material on the subgrade.
3. Lay a layer of blinding or lean concrete over the insulation.
4. Place and secure the bottom layer of main reinforcement bars (if applicable)
per the design and BBS.
Siab 5. Position any distribution bars or mesh over the bottom layer of main bars.

6. Pour concrete over the reinforcement, ensuring proper compaction and lev-
elling.

7. Finish the surface of the slab, incorporating any specified features (e.g.,
slope, finish).

8. Cure the slab as per specifications.

9. After curing, remove any formwork or supports, and inspect the slab for
compliance.
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Wall

Erect formwork for the wall, ensuring it aligns with the specified dimensions
and features, such as openings or penetrations.

Place and secure the vertical reinforcement bars (main bars) within the
formwork, following the BBS and design requirements.

Insert horizontal distribution bars or ties at specified intervals.

Pour concrete into the formwork, vibrating as needed to ensure proper con-
solidation.

Finish the surface of the wall as required, considering architectural or deco-
rative elements.

Cure the wall as per specifications.

After curing, remove the formwork, and inspect the wall for compliance.

Staircase

Construct formwork for the staircase, including steps, landings, and any
structural supports.

Place and secure reinforcement bars within the formwork for the staircase
components, following the BBS and design specifications.

Pour concrete into the formwork for each staircase component, ensuring
proper consolidation and finishing the surface as needed.

Cure the staircase elements as per specifications.

After curing, remove the formwork, and inspect the staircase components
for compliance.

Table 6.2.1 Insertion and fixing sequence for various RCC structural elements

Fig. 6.2.1 RCC structural elements
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— 6.2.2 Different Types of Ties to Fix the different Components —
of the RCC Structure

Using different types of ties is essential for fixing various components of a reinforced concrete (RCC)
structure. Here’s how different tie types are employed to secure different structural elements:

1. Column Ties:
e Tie Type: Heavy-duty or high-tensile ties.

e Application: Columns require strong ties to secure the vertical rebars (main bars) and the
lateral ties (stirrups). Heavy-duty or high-tensile ties are used to withstand the load-bearing
capacity of columns.

2. Beam Ties:
o Tie Type: Heavy-duty or standard ties.

o Application: Beams need ties to secure the main longitudinal rebars and lateral ties (stirrups)
that provide support against bending forces. Heavy-duty or standard ties are suitable for most
beam applications.

Fig. 6.2.2 Beam ties

3. Slab Ties:
e Tie Type: Standard or heavy-duty ties.

e Application: Slabs require ties to maintain the correct spacing and alignment of the top and
bottom rebars, ensuring even concrete cover. Standard or heavy-duty ties are used depending
on the load-bearing requirements.

4. Wall Ties:
e Tie Type: Standard ties.

o Application: Walls, especially retaining walls, use ties to secure both vertical and horizontal
rebars. Standard ties are typically sufficient for most wall applications.
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5. Footing Ties:
e Tie Type: Standard or heavy-duty ties.

e Application: Footings need ties to secure the rebars that distribute the load from the struc-
ture to the ground. Standard or heavy-duty ties are chosen based on the footing’s size and
load-bearing capacity.

6. Column-Beam Junctions:
o Tie Type: Custom or heavy-duty ties.

e Application: Where columns and beams intersect, custom or heavy-duty ties may be required
to ensure a strong connection.

7. Special Structural Elements:
e Tie Type: Varied, depending on structural requirements.

e Application: For specialized structural elements like curved walls, spiral ties or custom ties
may be necessary to maintain the desired shape and strength.

8. Formwork Ties:
o Tie Type: Snap ties.

e Application: During concrete pouring, snap ties are used to hold the formwork together and
maintain the correct spacing of rebars.

The choice of tie type depends on the specific structural element, load-bearing requirements, and
design specifications. Engineers and construction professionals carefully select the appropriate tie to
ensure the structural integrity and safety of the RCC structure.

— 6.2.3 Importance of Chairs, Spacer Bars, Hanger Bars, and —
Cover Blocks during Cage Fabrication

Chairs, spacer bars, hanger bars, and cover blocks play
crucial roles during the fabrication of reinforcement
cages (mesh) for reinforced concrete structures.

Their importance lies in ensuring the structural integrity,
durability, and overall quality of the RCC construction.

Fig. 6.2.3 Chairs and spacer bars




Here’s why each of these components is essential:

1. Chairs:

e Importance: Chairs are used to support and elevate the main longitudinal rebars (top bars)
and maintain the required concrete cover.

e Role: They prevent the rebars from touching the ground or formwork, ensuring that the spec-
ified clear cover is maintained. This prevents corrosion and ensures that concrete can ade-
guately bond with the rebars, enhancing structural strength and longevity.

2. Spacer Bars:

e Importance: Spacer bars are used to maintain the correct spacing between parallel rebars
within the cage.

e Role: They ensure uniform concrete cover around each rebar, which is crucial for preventing
corrosion and maintaining structural integrity. Proper spacing also helps achieve the designed
load-bearing capacity.

3. Hanger Bars:

e Importance: Hanger bars, also known as dowel bars, are used to provide support to beams,
columns, and other structural elements.

e Role: They transfer loads from one structural element to another, ensuring that the entire
structure behaves as a unified system. Hanger bars prevent differential settlement and main-
tain alignment, improving stability and load distribution.

4. Cover Blocks:

« Importance: Cover blocks are used to maintain the specified distance between the rebar and
the inner surface of the concrete formwork.

e Role: They ensure the correct concrete cover, which is crucial for protecting the rebars from
environmental factors, such as moisture and chemicals. Adequate cover also enhances fire
resistance and maintains the structure’s aesthetic appearance.

Overall, the use of chairs, spacer bars, hanger bars, and cover blocks is essential for achieving the
following benefits during cage fabrication:

e Corrosion Protection: Proper positioning of rebars with these components prevents direct
contact with the ground or formwork, reducing the risk of corrosion, especially in aggressive
environments.

e Structural Integrity: Maintaining the correct cover and spacing ensures that the rebars pro-
vide the designed structural strength, load-bearing capacity, and durability.

o Safety: Well-arranged rebars with the support of these components reduce the chances of
structural failures and enhance the overall safety of the RCC structure.

e Quality Assurance: The use of these components helps meet construction standards and
specifications, ensuring the quality and performance of the final structure.

In summary, chairs, spacer bars, hanger bars, and cover blocks are indispensable for the proper
fabrication of reinforcement cages in RCC structures, safeguarding the structure’s longevity, strength,
and safety.
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— 6.2.4 Demonstrate Placing and Fixing of Chairs, Spacers,
and Hanger Bars

Placing and fixing chairs, spacers, and hanger bars correctly is crucial in reinforcing concrete structures.

e T P ———

Fig. 6.2.4 Placing and fixing of chairs, spacers, and hanger bars

Here’s a step-by-step demonstration of how to do this:

Materials Needed:

Rebar (for demonstration purposes)
Chairs

Spacer bars

Hanger bars

Measuring tape

Concrete blocks (for elevation)

Prepare the Rebar Cage: Lay out and arrange the required rebars according to the structural
drawings and Bar Bending Schedule (BBS). Ensure that the rebars are clean and free of rust or

debris.

Determine the Chair Placement: Consult the structural drawings to determine the spacing
and locations where chairs are required. Measure and mark these positions on the ground or

formwork.

Place the Chairs: Position chairs at the marked locations under the rebars. Make sure the
chairs are stable and provide the necessary elevation to maintain the correct concrete cover.

Adjust their height as needed using concrete blocks or shims.
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4. Space the Rebars with Spacer Bars: Refer to the drawings and BBS to determine the required
spacing between the rebars. Place spacer bars horizontally between the rebars to maintain
the specified spacing. Ensure the spacer bars are level and secure.

5. Install Hanger Bars (if applicable): In cases where hanger bars are required, position them
correctly at the specified locations. Hanger bars are typically used to support beams, columns,
or other structural elements. Secure them in place using ties or clips.

6. Secure Rebars in Place: Use wire ties or rebar clips to secure the rebars to the chairs, spacer
bars, and hanger bars. Ensure that the rebars are held firmly in their designated positions.

7. Double-Check Alignment and Spacing: Verify that the rebars are aligned correctly with the
markings on the ground or formwork and that the spacing meets the design requirements.
Make any necessary adjustments.

8. Check for Proper Elevation: Ensure that the chairs provide the required concrete cover over
the rebars. Measure the distance from the rebars to the bottom surface of the formwork or
the ground to confirm compliance with the design specifications.

9. Continue with Cage Fabrication: Once chairs, spacers, and hanger bars are in place and rebars
are securely tied, proceed with the remaining steps of cage fabrication, such as adding addi-
tional layers of rebars, connecting lap joints, and completing the cage assembly.

10. Quality Assurance: Conduct a final inspection to ensure that all chairs, spacers, hanger bars,
and rebars are correctly placed and secured. Address any discrepancies before proceeding
with concrete pouring.

Properly placing and fixing chairs, spacers, and hanger bars in accordance with structural drawings and
specifications is essential for achieving the desired concrete cover, alignment, and spacing, ensuring
the structural integrity of the reinforced concrete element.
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— QR Codes

Scan the QR code to watch the video

https://youtu.be/cJOI WsSoKnA

Chair Bar in Construction Work



https://youtu.be/cJ01WsSoKnA
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Unit 6.3: Shifting, Positioning, and Final Fixing

— Unit Objectives |©@

At the end of this unit, you will be able to:
1. Discuss the procedure to shift, position, and fix pre-fabricated cages.
2. Erect temporary supports and mark necessary layouts for various RCC structures.

3. Demonstrate marking procedures, insertion of different reinforcement components, and providing
initial fixing ties to fabricate the required cage.

4. Demonstrate the shifting, positioning, and final fixing of pre-fabricated cages as per the
requirement.

— 6.3.1 Procedure to Shift, Position, and fix Pre-fabricated ——
Cages

The procedure for shifting, positioning, and fixing pre-fabricated cages in reinforced concrete structures
involves several steps to ensure proper alignment, spacing, and secure installation.

Fig. 6.3.1 Procedure for shifting, positioning, and fixing pre-fabricated cages in RCC structures

Here’s a detailed procedure:
Materials and Tools Needed:
o Pre-fabricated reinforcement cages
o Lifting equipment (crane, forklift, etc.)

¢ Measuring tape
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e Marking tools
e Bolts, nuts, and washers
e Spacer blocks (if needed)

e Plumb bobs (for vertical alignment)

Procedure:

1.

10.

Preparation:
Ensure that the pre-fabricated cages are manufactured according to the approved drawings, Bar
Bending Schedule (BBS), and quality standards.

Site Inspection:

Conduct a site inspection to verify that the placement locations for the pre-fabricated cages align
with the structural drawings and specifications. Mark these locations on the formwork or the
existing structure.

Lifting and Transport:
Use appropriate lifting equipment, such as cranes or forklifts, to lift and transport the pre-fabricated
cages to their designated positions.

Positioning:
Carefully lower the pre-fabricated cage into its intended location. Ensure that it is aligned with the
markings on the formwork or structure and that it is level both horizontally and vertically.

Spacing and Alignment:
Use measuring tape, plumb bobs, and leveling tools to confirm that the cage is correctly spaced
and aligned according to the design specifications. Make any necessary adjustments.

Fixing Cage to Structure:

If the cage needs to be attached to an existing structure or other reinforcing elements, use bolts,
nuts, and washers to secure it in place. Follow the approved connection details and torque
specifications.

Spacer Blocks (if needed):

In some cases, spacer blocks may be required to maintain the correct spacing and alignment
between the pre-fabricated cage and adjacent structural elements. Install these spacer blocks as
needed.

Quality Control:
Conduct a thorough quality control inspection to ensure that the pre-fabricated cage is correctly
positioned, securely fixed, and meets all design and safety requirements.

Verification and Documentation:
Verify that the pre-fabricated cage’s positioning and installation conform to the approved drawings
and specifications. Document the installation process and any adjustments made.

Proceed with Concrete Pouring:
Once the pre-fabricated cage is correctly positioned and fixed, proceed with concrete pouring.
Ensure that the concrete is placed and compacted properly around the cage to achieve full bonding




Participant Handbook

between the concrete and the reinforcement.

11. Final Inspection:
After concrete curing, perform a final inspection to confirm that the pre-fabricated cage has been
integrated seamlessly into the structure and that all connections and concrete covers meet the
required standards.

Properly shifting, positioning, and fixing pre-fabricated cages are critical to ensuring the structural
integrity and durability of reinforced concrete elements. Adhering to design specifications, conducting
quality control checks, and documenting the process are essential for a successful installation.

Fig. 6.3.2 Properly shifting, positioning, and fixing pre-fabricated cages

—6.3.2 Erect Temporary Supports and Mark Necessary
Layouts for various RCC structures

Erecting temporary supports and marking layouts for various reinforced concrete structures is essential
to ensure accurate construction and proper alignment. Here’s a procedure for this process:

Materials and Tools Needed:

* Wooden or steel formwork supports
o Levelling instruments (spirit level, laser level)
¢ Measuring tape

e Marking tools (chalk lines, spray paint, marking pencils)
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e Bracing materials (wooden or steel bracing)

e Shoring jacks or props (if needed)

Procedure:

10.

Review Structural Drawings:
Refer to the approved structural drawings to understand the layout and dimensions of the RCC
structure you’re working on. Identify key reference points, elevations, and critical measurements.

Prepare Temporary Supports:

Depending on the type of structure and its complexity, prepare temporary supports such as
wooden or steel formwork supports. These supports may include columns, beams, or other
structural elements needed to create the formwork for concrete placement.

Determine Layout Points:

Using the structural drawings as a guide, identify the layout points for the RCC structure. These
points include column centers, beam intersections, wall locations, slab edges, and other critical
reference points.

Mark Layout Points:
Transfer the layout points from the drawings to the construction site. Use marking tools such as
chalk lines, spray paint, or marking pencils to mark these points on the ground or formwork.

Check Elevations:

Use leveling instruments like spirit levels or laser levels to ensure that the marked layout points
are at the correct elevations. Adjust the supports or shoring as needed to achieve the desired
elevations.

Erect Temporary Supports:

Begin erecting the temporary supports based on the marked layout points. These supports may
include formwork for columns, beams, walls, or slabs. Ensure that the supports are plumb, level,
and securely braced.

Check Alignment:

Use measuring tape, spirit levels, and other alignment tools to verify that the temporary supports
are correctly aligned with the marked layout points and with each other. Adjust as necessary to
achieve the desired alighment.

Strengthen Temporary Supports:
Provide additional support and bracing as required to ensure the stability of the temporary
structures. Wooden or steel bracing and shoring jacks or props can be used to enhance support.

Inspect and Confirm:
Conductathoroughinspection of the erected temporary supports, layout markings, and elevations.
Confirm that everything aligns with the structural drawings and specifications.

Documentation:
Document the layout and temporary support installation, including measurements, elevations,
and alignment. This documentation serves as a reference for future construction stages.
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11. Proceed with Construction:
Once the temporary supports and layouts are confirmed and approved, proceed with the
construction of the RCC structure. Ensure that concrete placement, formwork installation, and

reinforcement fixing are done according to the layout and support provided.

Fig. 6.3.3 Erecting temporary supports and marking layouts for various RCC structures

Properly erecting temporary supports and marking layouts is critical to the accuracy and quality of
reinforced concrete construction. Attention to detail, precise measurements, and adherence to
structural drawings are essential for a successful construction project.

— 6.3.3 Demonstrate Marking Procedures, Insertion of
different Reinforcement Components, and providing
Initial Fixing ties to Fabricate the required Cage

Demonstrating the marking procedures, insertion of different reinforcement components, and
providing initial fixing ties to fabricate the required cage for reinforced concrete structures is a crucial
part of the construction process. Here’s a step-by-step demonstration:

Materials and Tools Needed:

e Rebar (for demonstration purposes)

e Measuring tape

e Marking tools (chalk lines, marking pencils)
e Spacer blocks (if needed)

e Wire ties

e Rebar cutter (if needed)
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Procedure:

e Review Structural Drawings:
Begin by reviewing the structural drawings, Bar Bending Schedule (BBS), and design specifications
to understand the reinforcement requirements for the specific RCC structure.

e Prepare the Rebar:
Select the appropriate rebar based on the design specifications and cut them to the required
lengths using a rebar cutter, if necessary. Ensure that the rebars are clean and free from rust or
debris.

e Marking Procedures:
Use measuring tape and marking tools to mark the correct positions, lengths, and spacings for the
rebars on the formwork or the existing structure. Follow the layout and spacing details provided in
the drawings.

o Insert Spacer Blocks (if needed):
In cases where spacer blocks are required to maintain the correct spacing between parallel rebars,
insert them horizontally between the rebars at the marked locations.

e Insert Reinforcement Components:
Begin inserting the various reinforcement components such as longitudinal rebars (main bars),
stirrups, bent-up bars, and any other specified elements. Place them in their designated positions
based on the markings and drawings.

e Maintain Proper Alignment:
Ensure that the rebars are correctly aligned with the markings and that they follow the specified
pattern and spacing. Use measuring tools to double-check their positions.

*  Provide Initial Fixing Ties:
Use wire ties to secure the rebars in their initial positions. These ties should be tight enough to
hold the rebars in place but not so tight that they cause damage or distortion.

e Check for Accuracy:
Verify that the inserted reinforcement components and initial fixing ties conform to the design
specifications and drawings. Check for any discrepancies and make adjustments as needed.

e Maintain Concrete Cover:
Ensure that the rebars are positioned to maintain the specified concrete cover, which is critical for
preventing corrosion and ensuring proper bonding with the concrete.

e Quality Control:
Conduct a thorough quality control inspection to confirm that all marking, insertion, and tying
procedures have been executed accurately and meet the required standards.

e Document the Process:
Document the fabrication process, including measurements, spacings, and tying techniques. This
documentation serves as a record for quality assurance and future reference.
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e Proceed with Concrete Pouring:

Once the cage is fabricated and meets the required standards, proceed with concrete pouring,
ensuring that the concrete is properly placed and compacted around the reinforcement.
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Fig. 6.3.4 Initial fixing ties to fabricate the required cage for reinforced concrete structures

Demonstrating these procedures accurately and with attention to detail is essential for ensuring the
structural integrity and durability of reinforced concrete structures. Adherence to design specifications,
markings, and quality control measures is crucial for a successful construction project.

— 6.3.4 Demonstrate the Shifting, Positioning, and Final
Fixing of Pre-fabricated Cages

Demonstrating the shifting, positioning, and final fixing of pre-fabricated cages in accordance with
project requirements is a critical step in reinforced concrete construction.

Fig. 6.3.4 Initial fixing ties to fabricate the required cage for reinforced concrete structures
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Here’s a step-by-step demonstration:

Scenario:

Imagine you are a construction worker involved in the construction of a multi-story building. Your task

is to shift, position, and finally fix a pre-fabricated reinforcement cage for a concrete column.

Steps:

Review the Structural Drawings:

Start by reviewing the structural drawings for the building. The drawings specify the exact
location, dimensions, and elevation of the concrete column.

Site Inspection:

Visit the construction site and verify that the marked column location on the ground corresponds
to the drawing.

Prepare Temporary Supports:

If not already in place, set up temporary wooden formwork to support the column cage during
installation. Ensure that the formwork is level and properly braced.

Mark Layout Points:

Use chalk lines and measuring tape to mark the center point and outline of the column base on
the formwork.

Check Elevations:

Use a laser level to confirm that the marked center point is at the correct elevation relative to the
building’s design. Adjust the formwork supports if needed.

Prepare the Pre-fabricated Cage:

Examine the pre-fabricated reinforcement cage for the column. It should match the specifications
outlined in the drawings, including the correct diameter, length, and spacing of the vertical and
horizontal rebars.

Position the Cage:

Use a crane to lift and position the pre-fabricated cage over the marked column base on the form-
work. Lower it carefully to avoid damage.

Align and Level:

Use plumb bobs, leveling tools, and measuring tape to ensure that the cage is aligned vertically
and horizontally with the center point markings. Make any necessary adjustments.

Fix the Cage Temporarily:

Secure the pre-fabricated cage to the formwork temporarily using clamps or braces to hold it in
position.

Spacer Blocks (if needed):

If the design requires maintaining a specific distance between the cage and the formwork, insert
spacer blocks accordingly.
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»  Final Fixing:

Once the cage is correctly positioned and aligned, finalize the fixing process. Use bolts and nuts to
securely fasten the cage to the formwork and any adjacent structural elements.

e Quality Control:

Conduct a thorough quality control inspection to ensure that the cage is securely fixed, properly
aligned, and meets all design specifications.

e Documentation:

Document the entire process, including measurements, elevations, and alignment, in the project
records for quality assurance and future reference.

e Concrete Pouring:
With the pre-fabricated cage in place and properly fixed, proceed with the concrete pouring. En-
sure that the concrete is placed and compacted around the cage to achieve full bonding between
the concrete and the reinforcement.

By following these steps, you ensure that the pre-fabricated cage for the concrete column is accurately
positioned and securely fixed in accordance with the structural design. This process contributes to the
structural integrity and strength of the column in the final construction.
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— Exercise |Bf

Answer the following questions:
Short Questions:

1. Why is it important to interpret structural drawings and sketches before fixing reinforcement
bars?

2. How do you distinguish between Mild Steel (MS) and Thermo-Mechanically Treated (TMT)
steel reinforcement bars?

3. What is the significance of the insertion and fixing sequence when working with different
types of RCC structural elements?

4. Canyou name one common use for hanger bars in the context of RCC construction?
5. Why s the proper classification of ties based on their use and strength important in RCC work?

Fill in the Blanks Questions:

1. Chairs, spacer bars, and hanger bars are essential for maintaining during cage
fabrication.
a) alignment b) concrete strength

2. Different types of ties are used to fix various components in an RCC structure based on their

a) size b) utilities

3. Pre-fabricated cages are positioned and fixed in accordance with requirements.
a) project b) environmental

4. The insertion and fixing sequence of RCC structural elements depends on the of

the construction.
a) design b) weather conditions
5. The primary purpose of initial fixing ties during cage fabrication is to ensure
a) structural integrity b) aesthetic appeal
True/False Questions:
1. TrueorFalse: Spacer barsare used to provide additional structural strength to RCC components.

2. True or False: Distinguishing between reinforcement bar types based on materials is not
essential in RCC construction.

3. True or False: The insertion and fixing sequence of RCC elements remains the same regardless
of the project’s scope.

4. True or False: Chairs, spacer bars, and hanger bars are critical for proper concrete curing in
RCC structures.

5. True or False: Shifting, positioning, and fixing pre-fabricated cages require careful consideration
of project-specific requirements.
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— Notes [E

— QR Codes

Scan the QR code to watch the video

https://youtu.be/1UJ_krF36Cc

Bar bending schedule of single mesh isolated

footing



https://youtu.be/lUJ_krF36Cc
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— Key Learning Outcomes |
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At the end of this module, you will be able to:

1.

2
3.
4

10.

11.

12.
13.
14.

Explain the effects and benefits of timely actions relevant to the task at hand with examples.
Explain the importance of teamwork and its effects relevant to the task at hand with examples.
Demonstrate teamwork skills during assigned task.

Explain the importance of proper and effective communication and its adverse effects in case of
failure of proper communication.

Apply effective communication skills while interacting with co-workers, trade seniors and others
during the assigned task.

Use appropriate writing skills and verbal communication reporting as per commonly applicable
organisational norms.

Discuss about gender and its related concept: gender equality, gender equity (group work).
Discuss different types of disabilities (physical, mental, intellectual or sensory impairment).

Discuss the activities sensitive to the cultural diversity, disabilities and gender neutrality at the
workplace.

Demonstrate acceptable interpersonal transactions with individuals having disabilities (physical,
mental, intellectual or sensory impairment) or cultural diversity.

Discuss the basic rules and regulations related to gender sensitivity, disabilities, and cultural
diversity, with their impact on operations of a workplace.

Demonstrate the process modifications required to make the workplace free from gender biases.
Discuss how to take initiative in resolving issues among co-workers in a given situation.

Discuss reporting procedure followed at the workplace.
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Unit 7.1: Effective Communication and Teamwork

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Elucidate own roles and responsibilities.

2. Explain the importance of effective communication.

3. Explain different modes of communication used at the workplace.
4

Elucidate the consequence of poor teamwork on project outcomes, timelines, safety at the
construction site, etc.

o

Demonstrate how to pass on work-related information/requirements clearly to the team members.

6. Show how to report any unresolved problem to the supervisor immediately.

— 7.1.1 Communication at Workplace

The communication process refers to the steps involved in the exchange of information, ideas,
thoughts, or messages between individuals or groups. It is a dynamic process that involves a sender, a
receiver, a message, and various channels to convey the information effectively. The communication
process typically follows these steps:

Behaviour /
output

Information/
input

What | understand

The Channel:
Speaking
writing
graphics
video, etc

|

At least some code in common

The messenger The recipient

Fig. 7.1.1 Effective Communication — Two-way Process

e Sender: The person or entity starting the communication.

e Message: The information that the sender wishes to share.
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e Encoding: Choosing the medium to send a message.

e Channel: The medium used to send a message.

* Receiver: The person or entity to whom the message is sent.
e Decoding: Understanding the message received.

» Feedback: The receiver’s response to the message.

The 7Cs of communication are essential principles to follow for effective and impactful communication:
e Clear: Be assertive about what needs to be communicated, whether verbally or in writing
e Concise: Use simple words and say only what’s needed
» Concrete: Use exact words, phrases, Use facts and figures
e Correct: Use correct spellings, language and grammar
e Coherent: Words should make sense and should be related to the main topic
e Complete: A message should have all the needed information

» Courteous: Be respectful, friendly and honest
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Fig. 7.1.2 C’s of Communication

—7.1.2 Type of Communication at Construction Worksite

Communication at a construction worksite is crucial for ensuring efficiency, safety, and coordination
among workers, supervisors, and other stakeholders.

Several types of communication are utilized to facilitate smooth operations and enhance safety at
construction sites.
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Some common communication methods include:

Fig. 7.1.3 Communication at Construction

e Verbal Communication: This involves face-to-face conversations, discussions, and instructions
between workers, supervisors, and managers on the site. Verbal communication is essential for
conveying immediate instructions and clarifications.

» Hand Signals: Hand signals are commonly used in noisy construction environments where verbal
communication may be difficult. Workers use specific hand gestures to communicate instructions
or warnings to each other.

e Written Communication: Written communication includes various documents, such as construc-
tion plans, safety guidelines, work permits, and daily progress reports. Written communication
helps in conveying detailed information and serves as a reference for all stakeholders.

« Radios and Walkie-Talkies: Two-way radios and walkie-talkies are popular communication tools
at construction sites, especially for larger projects. They allow instant communication between
workers and supervisors across different areas of the site.

e Visual Communication: Visual aids, such as signs, symbols, and safety posters, are used to convey
important information and warnings. These aids help in reminding workers of safety protocols and
hazard awareness.

o Digital Communication: Construction sites may use digital communication platforms like mobile
apps or messaging services to facilitate real-time communication, share updates, and coordinate
tasks.

» Meetings and Toolbox Talks: Regular meetings and toolbox talks are conducted to discuss project
progress, safety updates, and address any concerns or questions raised by workers.
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*  Project Management Software: Construction companies often use project management software
that enables seamless communication between project teams, provides updates, and tracks tasks
and schedules.

» Emergency Communication Systems: In case of emergencies, construction sites may have emer-
gency communication systems like alarms or sirens to alert workers and initiate evacuation pro-
cedures.

Effective communication at construction sites plays a vital role in preventing accidents, minimizing
delays, and ensuring the successful completion of projects. It is essential for all team members to be
well-versed in the various communication methods used to maintain a safe and productive worksite.

Fig. 7.1.4 Coordination during Construction Work

— 7.1.3 Adverse Effects of Poor Communication

Fig. 7.1.5 Adverse Effects of Poor Communication




Poor communication at a construction workplace can lead to various adverse effects, some of which

include:

1. Safety Risks: Inadequate communication about safety protocols, hazards, and instructions can
increase the risk of accidents and injuries at the construction site.

2. Misunderstandings: Miscommunication among workers, supervisors, and managers can lead to
misunderstandings about tasks, timelines, and project requirements, resulting in errors and delays.

3. Inefficiencies: Poor communication can cause delays in project progress, resource allocation, and
decision-making, leading to inefficiencies and increased project costs.

4. Decreased Productivity: Lack of clear communication can hinder workers’ ability to perform their
tasks efficiently, reducing overall productivity at the construction site.

5. Cost Overruns: Miscommunication about project budgets, timelines, and scope can lead to cost
overruns and financial losses for the construction project.

6. Quality Issues: Inadequate communication regarding construction specifications and standards
may result in quality issues and subpar workmanship.

7. Safety Violations: Poor communication about safety guidelines and procedures may lead to safety
violations and non-compliance with safety regulations.

8. Increased Conflicts: Communication gaps can create conflicts and tensions among workers and
teams, negatively impacting the construction site’s working environment.

9. Lack of Coordination: Insufficient communication between different construction teams and
subcontractors can lead to a lack of coordination, hindering the seamless progress of the project.

10. Client Dissatisfaction: Poor communication with clients can lead to misunderstandings, unmet
expectations, and client dissatisfaction with the construction project.

11. Project Delays: Miscommunication about project timelines and tasks can result in delays, affecting
project completion dates and potentially leading to contract disputes.

12. Reputation Damage: Repeated instances of poor communication at a construction site can damage
the reputation of the construction company, impacting future projects and business opportunities.

13. Health and Environmental Concerns: Lack of proper communication about hazardous materials,

waste disposal, and environmental regulations can result in health and environmental risks.

To mitigate these adverse effects, construction companies should prioritize effective communication
strategies, ensure clear and consistent information flow, and foster a culture of open and transparent
communication among all stakeholders involved in the construction project.

Role of Active Listening at Construction Site:

Activelisteningisacritical skillata construction site as it lays the foundation for effective communication,
promotes safety, and fosters a cohesive and productive work environment. Construction projects
involve numerous tasks, complex instructions, and potential hazards, making it essential for workers
to actively listen and comprehend information accurately.
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Hearing Listening

Receiving any message through ears is known as | On the other hand explanation of the received
hearing. message can be labeled as listening.

Function of hearing is just to receive the verbal | Listening involves decoding or interpretation of
message. the message.

Understanding instructions correctly is crucial for project success. Active listening ensures that workers
grasp the requirements, specifications, and safety measures provided by supervisors and project
managers. It minimizes the risk of miscommunication and mistakes that could lead to delays, rework,
or even accidents.

Safety is of paramount importance in the construction industry. Active listening helps workers’ pay
attention to safety briefings, hazard warnings, and emergency procedures. By actively engaging in
safety protocols, workers can protect themselves and their colleagues from potential risks, accidents,
and injuries.

Teamwork is vital on construction sites, where multiple professionals collaborate to achieve project
objectives. Active listening fosters a culture of open communication, where workers feel comfortable
sharing ideas, concerns, and feedback. It promotes mutual respect, trust, and inclusivity, leading to
better collaboration and problem-solving.

Adaptability is essential in the dynamic construction environment. Active listening keeps workers
informed about changes, updates, and unexpected challenges. Being receptive to new information
enables them to adjust their approach and work efficiently, ensuring project progress remains on
track.

Moreover, active listening enables construction professionals to build strong relationships with team
members, clients, and stakeholders. By understanding and acknowledging others’ perspectives,
workers demonstrate empathy and enhance client satisfaction

Overall, active listening at a construction site enhances safety, teamwork, productivity, and client
relations. It empowers workers to communicate effectively, respond to challenges proactively, and
contribute to the successful completion of construction projects.
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— 7.1.4 Teamwork at Workplace

Teamwork is of utmost importance in various aspects of life, whether it’s in the workplace, sports,
education, or personal relationships.
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Fig. 7.1.6 Teamwork at Workplace

Here are some key reasons highlighting the importance of teamwork:

Achievement of Common Goals: Teamwork brings together individuals with diverse skills and
expertise to work collectively towards a shared objective. When team members collaborate
effectively, they can accomplish more than what could be achieved individually.

Enhanced Creativity and Innovation: Working in a team allows for the exchange of different
perspectives and ideas. This diversity fosters creativity and innovative problem-solving, leading
to better solutions and approaches.

Improved Productivity: Team members can divide tasks based on their strengths and expertise,
leading to improved efficiency and productivity. This distribution of workload ensures that
each aspect of a project is handled by the most suitable team member.

Shared Responsibility and Accountability: In a team, each member has a specific role and
responsibility. This sense of accountability motivates individuals to perform their best and
take ownership of their contributions.

Effective Decision Making: Teams can pool their knowledge and insights to make well-
informed decisions. When diverse viewpoints are considered, the decisions tend to be more
balanced and comprehensive.




e Support and Motivation: Team members can provide emotional support and motivation to

each other, boosting morale during challenging times and celebrating achievements together.

e Learning and Skill Development: Teamwork allows individuals to learn from one another,
acquire new skills, and improve existing ones. This continuous learning enhances personal

and professional growth.

e Building Trust and Camaraderie: Effective teamwork strengthens the bond between team
members, fostering trust, respect, and camaraderie. This positive team dynamic contributes
to a harmonious work environment.

e Adaptability and Resilience: Teams are often better equipped to handle changes and
uncertainties as they can brainstorm strategies and adapt collectively to new situations.

o Efficient Problem Solving: When faced with complex challenges, teamwork enables the
pooling of resources and expertise, leading to more comprehensive and efficient problem-
solving.

e Synergy and Performance: The collective efforts of a high-performing team create a synergy
where the overall performance is greater than the sum of individual contributions.

* Improved Work-Life Balance: Effective teamwork can distribute workloads and responsibilities,
reducing the burden on individual team members and promoting a better work-life balance.

In conclusion, teamwork is vital for achieving success, fostering innovation, and creating a positive
and supportive work culture. Emphasizing the importance of teamwork enables organizations and
individuals to harness the full potential of collaboration, leading to remarkable achievements and
overall well-being.

— 7.1.5 The 5Cs of Teamwork

The 5Csof teamwork are fundamental principles that contribute to effective and successful collaboration
within a team. These principles help create a positive team dynamic and foster a cohesive and high-
performing group.

The 5Cs of teamwork are:
1. Co-operation

Without cooperation between team
members, no group will survive.
Cooperation is intimately linked to
effective communication and self-
assurance. Better communication
and a transparent and healthy work
environment necessitate some degree
of clarity and trust.

Fig. 7.1.7 Effective and Successful Collaboration
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2. Compromise

Work relationships are not exempt from the necessity of reaching compromises on particular
issues. If our peers’ or managers’ argument is valid and can contribute to greater performance, we
may be required to concur. It is acceptable that not everyone can be on the same page at all times.
To manage such circumstances, we must examine the situation and consider potential outcomes.

3. Communication

Considered vital for organising the individual and group efforts of the team. Communication
is essential for conflict resolution and problem-solving, and companies must support healthy
communication within and between teams. Communication must be open, honest, and timely so
that every team member knows what to do and how to do it.

4. Confidence

Team members should have confidence in their skills. The leader must provide the team with
a clear and simple explanation of the project, each member’s responsibilities, and the final
objective. It is essential to remember that confidence does not develop in the blink of an eye. It
must be constructed step by step.

5. Commitment

The demands and interests of the team take precedence above individual concerns. Every action
should contribute to the overall corporate objective.

By embracing the 5Cs of teamwork, teams can cultivate an environment of trust, respect, and
collaboration, leading to enhanced performance and achievement of shared objectives.

— 7.1.7 Consequence of Poor Teamwork

Poor teamwork at a construction site can have significant consequences that impact project outcomes,
timelines, safety, and overall project success.

Some of the key consequences of poor teamwork include:

o Delayed Project Completion: Lack
of effective collaboration and
coordination among team members
can lead to delays in project progress.
When tasks are not properly
assigned or synchronized, the
project timeline may be extended,
resulting in increased costs and client

dissatisfaction.

* Reduced Productivity: Poor teamwork  rig 7.1.8 Poor Teamwork
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canresultininefficiencies and a decrease in overall productivity. Team members may duplicate
efforts, make mistakes due to miscommunication, or lack the support needed to perform their
tasks efficiently.

» Lower Quality Work: Inadequate teamwork can lead to a decline in the quality of work
performed. Without effective collaboration and accountability, errors and defects may go
unnoticed, compromising the final deliverables.

e Increased Rework: Miscommunication and lack of coordination can result in rework and
additional costs. Correcting mistakes and addressing issues that arise due to poor teamwork
can be time-consuming and financially burdensome.

o Safety Hazards: Construction sites are inherently hazardous environments, and poor teamwork
can exacerbate safety risks. When team members fail to communicate effectively or work
together safely, it can lead to accidents, injuries, and even fatalities.

e Conflict and Tension: Poor teamwork may create a negative work environment characterized
by conflict, tension, and lack of trust among team members. This can hamper communication
and cooperation, further hindering progress.

e Budget Overruns: When teamwork is lacking, projects may experience cost overruns due to
inefficiencies, rework, and delays. This can strain the project budget and negatively impact the
overall financial performance.

 Missed Opportunities: Poor teamwork can result in missed opportunities for innovation,
improvement, and optimization. Team members may not leverage their collective expertise
and diverse perspectives to identify and capitalize on potential opportunities.

» Client Dissatisfaction: Clients expect a well-coordinated and smoothly executed project.
Poor teamwork can lead to client dissatisfaction due to missed deadlines, quality issues, and
breakdowns in communication.

» Reputation Damage: Repeated instances of poor teamwork on construction projects can
damage the reputation of the construction company, leading to a loss of trust among clients
and stakeholders.

In summary, poor teamwork at a construction site can have serious consequences on project outcomes,
timelines, safety, and overall project success. It is essential for construction teams to prioritize effective
collaboration, communication, and coordination to mitigate these adverse effects and ensure the
successful completion of projects.
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Unit 7.2 - Working Effectively and Maintaining Discipline at
Work

— Unit Objectives |©

1.

At the end of this unit, you will be able to:

Explain the importance of creating healthy and cooperative work environment among the gangs
of workers.

Elucidate applicable techniques of work, properties of materials used, tools and tackles used,
safety standards that co-workers might need as per the requirement.

Explain the importance of proper and effective communication and the expected adverse effects
in case of failure relating to quality, timeliness, safety, risks at the construction project site.

Explain the importance and need of supporting co-workers facing problems for the smooth
functioning of work.

Demonstrate ways to hand over the required material, tools, tackles, equipment and work fronts
timely to interfacing teams.

Demonstrate ways to work together with co-workers in a synchronized manner.

— 7.1.1 Communication at Workplace

Discipline at work refers to the adherence to rules, policies, and professional standards within a
workplace. It involves employees maintaining a responsible and focused approach to their work duties,
following established protocols, and upholding ethical principles.

Fig. 7.2.1 Discipline at Work




Here are some key aspects of discipline at work:

1. Punctuality: Being punctual is a fundamental aspect of discipline. Employees are expected to
arrive at work and meetings on time, ensuring smooth operations and respect for others’ time.

2. Following Policies and Procedures: Employees must follow the company’s policies, procedures,
and guidelines related to various aspects of work, such as safety, communication, and data privacy.

3. Professional Conduct: Discipline at work involves maintaining professional conduct and demeanor
in all interactions with colleagues, clients, and stakeholders.

4. Meeting Deadlines: Adhering to deadlines and delivering work on time is a critical aspect of
discipline, as it ensures the timely completion of projects and tasks.

5. Respect for Authority: Discipline requires showing respect for supervisors, managers, and
leadership, following their directions, and seeking guidance when needed.

6. Self-Discipline: Individual employees should possess self-discipline to stay focused on their tasks,
avoid distractions, and prioritize their responsibilities.

7. Quality of Work: Disciplined employees take pride in their work and strive for excellence, ensuring
the delivery of high-quality output.

8. Compliance with Company Values: Employees should align their actions with the company’s
values and ethical standards, promoting a culture of integrity and trust.

9. Conflict Resolution: Handling conflicts and disagreements in a respectful and constructive manner

is an essential part of discipline, maintaining a harmonious work environment.

10. Accountability: Disciplined employees take ownership of their actions, admit mistakes, and work
towards rectifying any errors they may make.

11. Adherence to Dress Code: Following the organization’s dress code and appearance guidelines
contributes to maintaining a professional and cohesive image.

12. Attendance and Leave Management: Discipline includes managing attendance and leave in
accordance with company policies and providing prior notice when taking time off.

13. Use of Resources: Disciplined employees use company resources responsibly and efficiently,
avoiding wastage and abuse.

Discipline at work is crucial for creating a productive and positive work environment. It fosters a sense
of responsibility, reliability, and accountability among employees, leading to improved performance
and overall organizational success. Employers should also provide clear expectations, guidance, and
support to encourage and reinforce a culture of discipline within the workplace.

— 7.2.2 Time Management

Time management is not about working harder; rather, it is about working smarter so that employees
do not overburden themselves and create unnecessary strain.

By effectively managing their time, employees will meet deadlines, increase their effectiveness,
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become more productive, and produce superior work.

Fig. 7.2.2 Time Management

By effectively managing their time, employees will meet deadlines, increase their effectiveness, become
more productive, and produce superior work. They will also have a higher degree of job satisfaction
because they will experience less stress, which will help them advance in their careers and reduce your
company’s staff turnover.

Time management at construction by workers is essential for ensuring that individual tasks and
responsibilities are completed efficiently, contributing to the overall success of the project. Here are
some time management tips that construction workers can follow to optimize their productivity:

1. Daily Planning: Begin each workday with a clear plan of tasks to be completed. Prioritize the
most critical tasks and allocate time accordingly.

2. Set Goals and Deadlines: Set specific and achievable goals for each workday or week. Establish
personal deadlines for completing tasks to stay focused and motivated.

3. Minimize Distractions: Limit distractions during work hours, such as personal phone use or
excessive socializing. Stay dedicated to tasks at hand to maximize productivity.

4. Use Tools and Equipment Efficiently: Familiarize yourself with the tools and equipment
required for each task and use them efficiently to avoid wasted time.

5. Organize Work Area: Keep your work area clean and organized. A well-organized workspace
minimizes the time spent searching for tools or materials.

6. Time Tracking: Track the time spent on each task to identify areas where efficiency can be
improved and to better estimate future project timelines.

7. Collaborate with Team Members: Communicate and coordinate with other team members
effectively to ensure a smooth workflow and prevent delays caused by miscommunication.

8. Break Tasks into Smaller Steps: For larger tasks, break them down into smaller, manageable
steps. This approach helps in maintaining focus and progress.

9. Take Short Breaks: Incorporate short breaks into your workday to recharge and avoid burnout.
However, ensure that the breaks are kept within reasonable limits to maintain productivity.

10. Adapt to Changes: Construction projects often encounter unforeseen challenges or changes.
Be flexible and adaptable to adjust your schedule as needed without compromising quality.
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11. Avoid Multitasking: Instead of trying to tackle multiple tasks simultaneously, focus on
completing one task at a time to ensure better quality and efficiency.
12. Learn Time-Saving Techniques: Seek out and learn time-saving techniques specific to your
tasks or trade. Efficiency comes with experience and knowledge.
13. Seek Feedback: Ask for feedback from supervisors or experienced colleagues on ways to
improve your time management skills.
14. Reflect and Improve: Regularly assess your time management and productivity. Identify areas
for improvement and actively work towards refining your approach.
By implementing these time management practices, construction workers can optimize their work
efficiency, meet project deadlines, and contribute to the overall success of the construction project.

— 7.2.3 Interpersonal Conflicts at Construction by Workers

Interpersonal conflicts among construction workers can arise due to various reasons, and if left
unaddressed, they can negatively impact the work environment, team morale, and project progress.

Some common causes of interpersonal conflicts at construction sites include:
e Communication Issues: Miscommunication, misunderstandings, or poor communication skills

can lead to conflicts among workers, especially when instructions are unclear or not effectively
conveyed.

+ Differences in Work Styles: Workers may have different approaches to completing tasks,
leading to clashes in how work should be performed.

* Competition for Resources: Limited resources, such as tools, equipment, or materials, can
create tensions and conflicts when workers need to share or prioritize their use.

* Personal Differences: Diverse backgrounds, personalities, and work habits can lead to clashes
in values, beliefs, and interpersonal dynamics.

* Role Ambiguity: Unclear or overlapping roles and responsibilities can cause conflicts between
workers who are unsure about their tasks or areas of authority.

e Working Conditions: Challenging working conditions, tight deadlines, and long hours can
contribute to stress and tensions among workers.

« Safety Concerns: Differences in safety practices or attitudes towards safety can lead to
conflicts, especially when one worker perceives another’s actions as risky.

o Leadership Issues: Conflicts can arise when workers feel their supervisors or managers are not
effectively leading or addressing issues.

e Past Conflicts or Grudges: Lingering issues from past conflicts that were not adequately
resolved can resurface and escalate over time.
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Fig. 7.2.3 Interpersonal Conflicts

To manage and resolve interpersonal conflicts at construction sites, the following steps can be taken:

Open Communication: Encourage open and honest communication among workers to address
concerns and resolve misunderstandings promptly.

Conflict Resolution Training: Provide conflict resolution training to workers to equip them
with skills to address and resolve conflicts constructively.

Establish Clear Roles and Expectations: Clearly define roles, responsibilities, and performance
expectations to reduce ambiguity and prevent conflicts.

Promote Team Building: Organize team-building activities to foster better understanding and
collaboration among workers.

Mediation and Third-Party Intervention: Utilize mediation or involve a neutral third party to
help facilitate discussions and find solutions when conflicts are difficult to resolve within the
team.

Encourage Respect and Empathy: Foster a culture of respect and empathy where workers
understand and appreciate each other’s perspectives and backgrounds.

Address Safety Concerns: Ensure that safety protocols are well-communicated and followed
to reduce safety-related conflicts.

Regular Feedback and Performance Reviews: Provide regular feedback and conduct
performance reviews to address any performance-related conflicts.

By proactively addressing interpersonal conflicts and promoting a positive work culture, construction
teams can maintain a harmonious work environment, improve collaboration, and enhance overall
project outcomes.
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Fig. 7.2.3 Interpersonal Conflicts




— Notes
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Unit 7.3: Maintaining Social Diversity at Work

— Unit Objectives |©

At the end of this unit, you will be able to:
1. Discuss the fundamental concept of gender equality.
2. Explain how to recognise and be sensitive to issues of disability culture and gender.

3. Discuss legislation, policies, and procedures relating to gender sensitivity and cultural diversity
including their impact on the area of operation.

4. Demonstrate effective implementation of gender-neutral practices at the workplace.

5. Demonstrate ways to address discriminatory and offensive behaviour in a professional manner as
per organizational policy.

— 7.3.1 Gender Sensitivity

Gender sensitivity is the act of being sensitive towards people and their thoughts regarding gender. It
ensures that people know the accurate meaning of gender equality, and one’s gender should not be
given priority over their capabilities.

Women are an important source of labour in many sectors, yet they have limited access to resources
and benefits. Women should receive the same benefits and access to resources as men. A business can
improve its productivity and quality of work by providing better support and opportunities to women.
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Fig. 7.3.1 Gender Equality
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Important Terms

» Gender Sensitivity- Gender sensitivity is the act of being sensitive to the ways people think about

gender.

e Gender Equality - It means persons of any gender enjoy equal opportunities, responsibilities, and

rights in all areas of life.

e Gender Discrimination - It means treating an individual unequally or disadvantageously based

on their gender, e.g. paying different wages to men and women for similar or equal job positions.

Fig. 7.3.2 Gender Discrimination

Strategies for Enhancing Gender Equity

To enhance gender equity, one should:

Follow gender-neutral practices at all levels at work.

Participate together in decision-making.

Help in promoting women’s participation in different forums.

Assist women in getting exposure to relevant skills and practices.

Assist women in capacity building by mentoring, coaching or motivating them, as appropriate.
Assist in the formation and operation of women support groups.

Assist in the implementation of women-centric programmes.

Combine technical training with reproductive health and nutrition for coffee farming
households.

Assist in making a work environment that is healthy, safe, and free from discrimination.
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Bridging Gender Differences

Men and women react and communicate very differently. Thus, there are some work differences as

both genders have their style and method of handling a situation.

Although, understanding and maturity vary from person to person, even between these genders,

based on their knowledge, education, experience, culture, age, and upbringing, as well as how one’s

brain functions over a thought or problem.

In order to bridge the gap, one should:

Not categorize all men and women in one way.

Be aware of the verbal and non-verbal styles of communication of every gender to avoid any
miscommunication and work better.

Be aware of partial behaviour and avoid it.

Encourage co-workers of different genders to make room by providing space to others.
Ways to reduce Gender Discrimination

Effective steps against sexual harassment by the concerned authorities and general public.

Gender stereotypes are how society expects people to act based on their gender. This can only
be reduced by adopting appropriate behaviour and the right attitude.

Objectification of females must be abolished.

Fig. 7.3.3 Promoting Gender Sensitivity at Workplace

Ways to Promote Gender Sensitivity in the Workplace

Practices that promote gender diversity should be adopted and promoted.
All genders should receive equal responsibilities, rights, and privileges.
All genders should have equal pay for similar or the same job roles/ positions.

Strict and effective workplace harassment policies should be developed and implemented.
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e An open-minded and stress-free work environment should be available to all the employees,
irrespective of their gender.

e Women should be encouraged to go ahead in every field of work and assume leadership roles.
e Follow appropriate measures for women’s empowerment.

e Men should be taught to be sensitive to women and mindful of their rights.

— 7.3.2 PwD Sensitivity

Some individuals are born with a disability, while others may become disabled due to an accident,
illness or as they get old. People with Disabilities (PwD) may have one or more areas in which their
functioning is affected. A disability can affect hearing, sight, communication, breathing, understanding,
mobility, balance, and concentration or may include the loss of a limb. A disability may contribute to
how a person feels and affect their mental health.

Fig. 7.3.4 Disability-Friendly Workplace

Important Terms

o Persons with Disabilities (PwD) — Persons with Disabilities means a person suffering from not less
than 40% of any disability as certified by a medical authority.

* Types of Disability:

a) Blindness — Visually impaired
b) Low Vision

c) Leprosy Cured

d) Hearing impairment

e) Locomotor disability
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f) Mental retardation
g) Mental illness
PwD Sensitivity

PwD sensitivity promotes empathy, etiquette and equal participation of individuals and organizations
while working with individuals with a disability, e.g. sensory, physical or intellectual.

Ways to be PwD Sensitive
To be sensitive to PwD, one should:

e Be respectful to all Persons with Disabilities (PwD) and communicate in a way that reflects
PwD sensitivity.

e Always be supportive and kind towards a PwD with their daily chores.

o Beready to assist a PwD to help them avail of any benefit/ livelihood opportunity/ training or
any kind that helps them grow.

e Encourage and try to make things easier and accessible to PwD so that they can work without
or with minimum help.

e Protest where feasible and report any wrong act/behaviour against any PwD to the appropriate
authority.

e Learn and follow the laws, acts, and policies relevant to PwD.

Appropriate Verbal Communication
As part of appropriate verbal communication with all genders and PwD, one should:

e Talk to all genders and PwD respectfully, maintaining a normal tone of voice with appropriate
politeness. It is important to ensure one’s tone of voice does not have hints of sarcasm, anger,
or unwelcome affection.

e Avoid being too self-conscious concerning the words to use while also ensuring not to use
words that imply one’s superiority over the other.

e« Make no difference between a PwD and their caretaker. Treat PwD like adults and talk to them
directly.

e AskaPwD ifthey need any assistance instead of assuming they need it and offering assistance
spontaneously.

Appropriate Non-verbal Communication

Non-verbal communication is essentially the way someone communicates through their body
language. These include:

o Facial expressions - The human face is quite expressive, capable of conveying many emotions
without using words. Facial expressions must usually be maintained neutral and should change
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according to the situation, e.g. smile as a gesture of greeting.

e Body posture and movement - One should be mindful of how to sit, stand, walk, or hold their
head. For example - one should sit and walk straight in a composed manner. The way one
moves and carries self, communicates a lot to others. This type of non-verbal communication
includes one’s posture, bearing, stance, and subtle movements.

e Gestures - One should be very careful with their gestures, e.g. waving, pointing, beckoning,
or using one’s hands while speaking. One should use appropriate and positive gestures to
maintain respect for the other person while being aware that a gesture may have different
meanings in different cultures.

» Eye contact - Eye contact is particularly significant in non-verbal communication. The way
someone looks at someone else may communicate many things, such as interest, hostility,
affection or attraction. Eye contact is vital for maintaining the flow of conversation and for
understanding the other person’s interest and response. One should maintain appropriate eye
contact, ensuring not to stare or look over the shoulders. To maintain respect, one should sit
or stand at the other person’s eye level to make eye contact.

e Touch - Touch is a very sensitive type of non-verbal communication. Examples are - hand-
shakes, hugs, pat on the back or head, gripping the arm, etc. A firm handshake indicates inter-
est, while a weak handshake indicates the opposite. One should be extra cautious not to touch
others inappropriately and avoid touching them inadvertently by maintaining a safe distance.

Rights of PwD

PwD have the right to respect and human dignity. Irrespective of the nature and seriousness of their
disabilities, PwD have the same fundamental rights as others, such as:

o Disabled persons have the same civil and political rights as other people

» Disabled persons are entitled to the measures designed to enable them to become as self-de-
pendent as possible

» Disabled persons have the right to economic and social security

o Disabled persons have the right to live with their families or foster parents and participate in
all social and creative activities.

» Disabled persons are protected against all exploitation and treatment of discriminatory and
abusive nature.

Making Workplace PwD Friendly

e One should not make PwD feel uncomfortable by giving too little or too much attention

e One should use a normal tone while communicating with a PwD and treat them as all others
keeping in mind their limitations and type of disability

e Any help should be provided only when asked for by a PwD

e One should help in ensuring the health and well-being of PwD.
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Expected Employer Behaviour

Some of the common behavioural traits that employees expect from their employers are:

e Cooperation: No work s successful without cooperation from the employer’s side. Cooperation
helps to understand the job role better and complete it within the given timeline.

» Polite language: Polite language is always welcomed at work. This is a basic aspect that
everybody expects.

» Positive Attitude: Employers with a positive attitude can supervise the work of the employees
and act as a helping hand to accomplish the given task. A person with a positive attitude looks
at the best qualities in others and helps them gain success.

* Unbiased behaviour: Employers should always remain fair towards all their employees. One
should not adopt practices to favour one employee while neglecting or ignoring the other. This
might create animosity among co-workers.

» Decent behaviour: The employer should never improperly present oneself before the
employee. One should always respect each other’s presence and behave accordingly. The
employer should not speak or act in a manner that may make the employee feel uneasy,
insulted, and insecure.

Fig. 7.3.4 Disability-Friendly Workplace
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Answer the following questions:

Short Questions:
A. Why is effective communication important in construction job roles?
B. What are the consequences of poor teamwork on project outcomes and safety at a
construction site?
C. How can you pass on work-related information clearly to your team members?
D. What are some different modes of communication used in the workplace?
E. Why is creating a healthy and cooperative work environment important among gangs of

workers?

Fill-in-the-Blanks Questions:

(Effective / Limited) communication ensures that project goals and tasks

are understood by everyone.

Poor teamwork can lead to delays, compromised (Quality / Efficiency),

and increased safety risks.

To ensure clarity, it’s essential to provide work-related information to team members in a
(Concise / Detailed) manner.

Communication modes include verbal, written, visual, and (Digital /

Auditory) forms.

Creatingacooperativeworkenvironmentfostersefficientcollaborationand

(Unity / Isolation) among workers.

True/False Questions:

Effective communication is only important for supervisory roles. (True/False)
Poor teamwork rarely affects project timelines or safety on a construction site. (True/False)

Passing on work-related information is not necessary if everyone has their own tasks. (True/
False)

Communication modes in the workplace are limited to verbal and written forms. (True/False)

A cooperative work environment can enhance productivity and worker morale. (True/False)
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8. Prioritise Activities
and Organise Resources

Unit 8.1 - Prioritise Work Activities to Achieve Desired Results

Unit 8.2 - Organising Resources
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At the end of this module, you will be able to:

1.
2.

L 2 N o U

11.

12.
13.
14.
15.
16.
17.

Explain methods to upkeep, store and stack tools, materials used for domain specific works.

Explain the process of planning of the given tasks and activities relevant to the trade/job role
within defined scope and duration.

Demonstrate the planning for various activities relevant to task as per the scope and schedule.

Demonstrate how to organise the required tool, manpower and material resources for the
assigned task.

Select required quantity of materials, tools or devices for defined work activities.
Explain the procedure adopted for prioritizing an activity and sequencing of activities.
Demonstrate how to prioritize all works/ activities to maximise output.

Explain the work plan and flow of activities in sequence for the assigned work.

Explain basic concept of labour productivity and work productivity.

. ldentify the work target and plan activities to achieve the desired productivity.

Explain requisition of resources, reporting for requirement of resources orally and in written to
concerned authority.

Demonstrate requisition of resource citing an example.

Explain how to minimise wastage of resources.

Demonstrate optimum use of resources while performing domain specific work activities.
Demonstrate waste collection and disposal as per organisational norms.

Explain the plan for waste collection and disposal after task.

Demonstrate completion of work within stipulated time and plan.
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Unit 8.1 - Prioritise Work Activities to Achieve Desired Results

Unit Objectives (@

At the end of this unit, you will be able to:
1. Explain the basic concept of labor productivity and work productivity.

2. ldentify the work target and plan activities to achieve the desired productivity.

w

Explain the process of planning the given tasks and activities relevant to the trade/job role within
the defined scope and duration.

Demonstrate the planning for various activities relevant to the task as per the scope and schedule.
Explain the work plan and flow of activities in sequence for the assigned work.

Explain methods to upkeep, store, and stack tools, materials used for domain-specific works.
Select the required quantity of materials, tools, or devices for defined work activities.

Explain the procedure adopted for prioritizing an activity and sequencing of activities.

LW ® N oo oA

Demonstrate how to prioritize all works/activities to maximize output.

10. Explain requisition of resources, reporting for the requirement of resources orally and in writing
to the concerned authority.

11. Demonstrate requisition of resources citing an example.

7.3.1 Gender Sensitivity

The basic concept of labor productivity and work productivity in the context of the Bar Bender and
Steel Fixer occupation in the construction sector can be summarized as follows:

Labor Productivity:

o Labor productivity refers to the efficiency and effectiveness with which a bar bender and steel
fixer can perform tasks and activities related to reinforcing structures with steel bars.

e It involves achieving the maximum output (work completed) with the minimum input (time,
effort, and resources).

e Labor productivity considers factors such as the speed of work, accuracy in bending and fixing
steel bars, and the ability to meet project deadlines.

o Higher labor productivity is desirable in construction as it leads to cost savings, shorter project
durations, and increased profitability.

Work Productivity:

e Work productivity, in the context of a bar bender and steel fixer, extends beyond individual
labor and encompasses the efficiency of the entire work process.
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e It involves optimizing the workflow, materials management, tool usage, and teamwork to
achieve project goals.

e Work productivity aims to ensure that the entire reinforcing process, from interpreting
drawings to final cage fabrication, is carried out efficiently and in a coordinated manner.

e Factors affecting work productivity include effective communication, resource allocation,

minimizing wastage, and adherence to safety standards.

Fig. 8.1.1 Labor productivity and work productivity

Both labor productivity and work productivity are crucial in the construction sector, especially for bar
benders and steel fixers, as they contribute to the successful completion of projects within budget and

schedule constraints.
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— 8.1.2 Identify the Work Target and Plan Activities to
Achieve the Desired Productivity

In the context of the Bar Bender and Steel Fixer occupation in the construction sector, identifying the
work target and planning activities to achieve the desired productivity involves the following steps:

1. Project Assessment:

* Begin by assessing the specific construction project where you’ll be working as a bar bender
and steel fixer.

e Understand the project scope, objectives, and timeline.
2. Define Work Targets:
* Identify the specific work targets related to reinforcing structures with steel bars.

o Determine the quantity and types of reinforcement required for different parts of the project,
such as beams, columns, slabs, walls, footings, and staircases.

3. Analyze Resources:
o Assess the available resources, including manpower, tools, materials, and equipment.
e Ensure you have the necessary tools and equipment for bending, cutting, and fixing steel bars.
4. Task Breakdown:
e Break down the tasks into smaller, manageable units.
o Determine the sequence of tasks, considering dependencies and safety measures.
5. Estimate Time and Effort:
o Estimate the time required to complete each task accurately.
e Consider the skills and experience of the workforce and factor in potential challenges.
6. Prioritize Activities:
e Prioritize tasks based on project deadlines and critical path analysis.
o Identify tasks that must be completed in a specific order to avoid delays.
7. Resource Allocation:
o Allocate manpower and equipment to tasks based on skill levels and efficiency.
e Ensure that the right tools and materials are readily available for each task.
8. Risk Assessment:
* Identify potential risks and challenges related to the reinforcing process.
o Develop contingency plans to address unforeseen issues.
9. Safety Considerations:
o Prioritize safety measures to protect the workforce and adhere to safety regulations.

e Ensure that workers are trained in safe handling and use of tools and materials.
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10. Monitoring and Adjustments:

e Continuously monitor progress and productivity.

* Make necessary adjustments to the plan as the project evolves.
11. Communication:

* Maintain open communication with project managers, supervisors, and colleagues.

e Collaborate with other trades and coordinate activities to ensure a smooth workflow.
12. Documentation:

o Keep records of work targets, progress, and resource utilization.

e Use documentation to track performance and make informed decisions.

By following these steps, bar benders and steel fixers can effectively identify work targets and plan
activities to achieve the desired productivity, contributing to the successful execution of construction

bl

Fig. 8.1.2 Work target to achieve the productivity

projects.

— 8.1.3 Efficient Task Planning for Bar Bender and Steel
Fixer Roles in Construction
Planning tasks and activities relevant to the Bar Bender and Steel Fixer occupation within a defined

scope and duration in the construction sector involves a systematic approach to ensure efficient and
effective work execution.
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Fig. 8.1.3 Planning tasks and activities relevant to the Bar Bender

Here is a step-by-step process for planning such tasks:

1.

Scope Definition:

Begin by clearly defining the scope of the project or task. Understand the specific requirements
related to reinforcing structures with steel bars. This may include reviewing construction drawings,

design specifications, and project documentation.
Objective Setting:

Establish clear objectives for the tasks to be performed. Determine what needs to be achieved,
such as the quantity and quality of steel bar installation, adherence to safety standards, and

meeting project deadlines.
Task Identification:

Identify the individual tasks and activities that fall within the scope of the bar bender and steel
fixer’s job role. This may include bending, cutting, and fixing steel bars for various structural

elements like beams, columns, slabs, and walls.
Task Sequencing:

Arrange the identified tasks in a logical sequence. Consider dependencies between tasks, ensuring
that certain activities must be completed before others can begin. Create a flowchart or Gantt

chart if necessary.
Resource Assessment:

Assess the required resources, including manpower, tools, equipment, and materials. Ensure that
you have the appropriate tools and machinery for bending, cutting, and fixing steel bars.

Time Estimation:
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10.

11.

12.

13.

14.

15.

16.

17.

Estimate the time required for each task. Consider factors like the complexity of the work, the skill
level of the workforce, and potential interruptions or delays.

Resource Allocation:

Allocate manpower and equipment to tasks based on their requirements. Ensure that workers
have the necessary skills and experience for their assigned tasks.

Risk Analysis:

Identify potential risks and challenges that may affect the execution of tasks. Develop mitigation
strategies and contingency plans to address these risks.

Budgeting and Cost Estimation:

Determine the budget required for completing the tasks. Consider labor costs, material costs,
equipment rental, and any other expenses associated with the work.

Quality Standards:

Establish quality standards and specifications for the work. Ensure that the installation of steel
bars meets industry standards and project requirements.

Safety Planning:

Prioritize safety measures for the workforce. Identify potential safety hazards and develop safety
protocols and procedures. Ensure that workers are trained in safe practices.

Communication and Coordination:

Maintain open communication with project managers, supervisors, and colleagues. Collaborate
with other trades and coordinate activities to ensure a smooth workflow.

Documentation:

Create a detailed project plan that includes task descriptions, timelines, resource allocations, and
safety procedures. Keep records of work progress and any changes to the plan.

Review and Approval:

Present the project plan to relevant stakeholders for review and approval. Incorporate feedback
and make necessary revisions.

Execution:

Execute the planned tasks according to the established schedule and guidelines. Monitor progress,
quality, and safety throughout the execution phase.

Monitoring and Control:

Continuously monitor the project’s progress and performance. Make adjustments to the plan as
needed to address any deviations or unforeseen issues.

Completion and Evaluation:

Upon task completion, evaluate the outcomes against the established objectives and quality
standards. Document any lessons learned for future projects.

By following this structured planning process, bar benders and steel fixers can effectively manage tasks

and activities within their job role, ensuring successful project outcomes within the defined scope and

duration.
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— 8.1.4 Demonstrate the Planning for various Activities
relevant to the Task as per the Scope and Schedule

Planning for various activities relevant to the Bar Bender and Steel Fixer occupation in the construction
sector is essential to ensure the work is completed efficiently, safely, and within the specified scope

and schedule.

Fig. 8.1.4 Reinforcement installation for a building foundation

Below, I'll provide an example of planning for a construction project involving Bar Benders and Steel

Fixers, including scope definition, scheduling, and activity planning.
Task: Reinforcement Installation for a Building Foundation
Scope: The scope of the project includes:
o Site Preparation: Clear the construction site, ensure safety measures are in place.

e Material Procurement: Purchase and transport reinforcement steel bars, mesh, and other

required materials.
e ReinforcementFabrication: Cutandbendreinforcementbarsaccordingto project specifications.

e |nstallation of Reinforcement: Place and secure reinforcement bars within the foundation

trench, ensuring proper alignment and spacing.

e Quality Control: Inspect and ensure that the installed reinforcement meets structural design

standards.
e Documentation: Maintain records of materials used, work hours, and inspections.
Schedule: The project needs to be completed within 6 weeks. Here’s a high-level schedule:
¢ Week 1: Site Preparation

o Week 2: Material Procurement and Reinforcement Fabrication
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e Week 3-4: Installation of Reinforcement
e Week 5: Quality Control and Adjustments
*  Week 6: Documentation and Final Inspection
Activity Planning:
1. Site Preparation (Week 1):
e Clear the construction site of debris and obstacles.
e Set up safety barriers and signage.
e Ensure proper drainage and excavation of the foundation trench.
2. Material Procurement and Reinforcement Fabrication (Week 2):
o ldentify and order the required steel bars, mesh, and other materials.
e Transport materials to the construction site.
e Set up a designated area for reinforcement fabrication.
e Cutand bend reinforcement bars according to project specifications.
3. Installation of Reinforcement (Week 3-4):
e Begin placing and securing reinforcement bars within the foundation trench.
e Ensure proper alignment and spacing, following structural design guidelines.
e Collaborate with other construction teams as needed (e.g., concrete pouring team).
4. Quality Control and Adjustments (Week 5):
e Conduct inspections to ensure the installed reinforcement meets quality standards.
e Make any necessary adjustments or corrections.
o Coordinate with the project engineer or supervisor for approvals.
5. Documentation and Final Inspection (Week 6):
* Maintain records of materials used, work hours, and inspections.
e Prepare documentation for project closure and handover.
e Conduct a final inspection to ensure all work is completed to specifications.

Throughout the project, regular communication with the construction team, project manager, and
other stakeholders is essential to address any issues, changes, or unforeseen challenges that may arise
during the Bar Bending and Steel Fixing activities. Adhering to safety protocols and quality standards
is paramount to a successful project completion.
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— 8.1.5 Flow of Activities

Creating a work plan and defining the flow of activities in sequence for the Bar Bender and Steel Fixer

occupation in the construction sector is essential for project success.

Fig. 8.1.5 Flow of activities in bar bending

Below is a detailed work plan with activities sequenced in the order they should be performed:
1. Site Preparation:
* Before any construction work begins, ensure the construction site is clear and safe for work.
o Excavate the foundation trench to the required depth and dimensions.
2. Material Procurement and Reinforcement Fabrication:
o Once the site is ready, identify and order the necessary materials.
* Transport materials to the site and set up a fabrication area.
o Cut and bend steel bars based on project specifications to create reinforcement components.
3. Installation of Reinforcement:
o Start placing and securing the reinforcement bars within the foundation trench.

e Ensure that the reinforcement is aligned correctly, follows the structural design, and maintains
proper spacing.

o Collaborate with other construction teams, such as the concrete pouring team, to coordinate
activities.
4. Quality Control and Adjustments:

e Afterinstallation, conduct thorough inspections of the reinforcement work.
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* Make any necessary adjustments or corrections to ensure that the quality meets project
standards.

e Seek approvals from the project engineer or supervisor.
5. Documentation and Final Inspection:

e Maintain detailed records of materials used, work hours, and inspections throughout the

project.

e Prepare all necessary documentation for project closure and handover.

e Conduct a final inspection to verify that all work, including reinforcement installation, meets
project specifications.

Regular communication and coordination with the project team, engineers, and other stakeholders
are critical to address any issues or changes that may arise during the execution of these activities.
Additionally, strict adherence to safety measures and quality standards is essential for a successful

project.

— 8.1.6 Maintaining, Storing, and Stacking Tools and
Materials

Maintaining, storing, and stacking tools and materials properly is essential for safety, efficiency, and
longevity, especially in domain-specific work like construction (including the Bar Bender and Steel Fixer
occupation).

Fig. 8.1.6 Maintaining and storing tools
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Here are methods to uphold these practices:

Tools Upkeep:

Cleaning: After each use, clean tools thoroughly to remove dirt, debris, and any materials that
may have adhered. Use appropriate cleaning agents and brushes.

Inspection: Regularly inspect tools for wear, damage, or malfunction. Replace or repair
damaged tools promptly.

Lubrication: Lubricate moving parts of tools as recommended by the manufacturer to prevent
corrosion and ensure smooth operation.

Sharpening: Keep cutting tools (e.g., rebar cutters) sharp to maintain their effectiveness. Dull
tools can be dangerous and inefficient.

Calibration: For precision tools, such as measuring instruments or rebar bending machines,
ensure they are calibrated regularly to maintain accuracy.

Tool Storage:

Toolbox: Use a sturdy toolbox or tool chest to organize and store hand tools. Separate
compartments help prevent damage and make tools easy to locate.

Hanging Systems: Install pegboards, wall-mounted tool racks, or magnetic strips in the
workshop to hang and store tools neatly.

Foam Inserts: Custom-cut foam inserts can be used to store tools in drawers or cases,
preventing them from shifting or bumping into each other.

Lockable Cabinets: For larger tools and equipment, use lockable cabinets or storage containers
to secure them and protect against theft and damage.

Climate Control: Store tools in a dry, temperature-controlled environment to prevent rust and
corrosion.

Material Upkeep:

Quality Control: Regularly inspect materials (e.g., steel bars, mesh) for damage, rust, or
defects. Reject and replace any compromised materials.

Proper Handling: Handle materials with care to avoid bending, twisting, or damaging them
during transportation and storage.

Protection from Weather: Keep materials protected from rain, snow, and extreme
temperatures, which can lead to corrosion or degradation.

Labelling: Label materials with important information like size, grade, and date of receipt to
facilitate proper inventory management.

Material Storage:

Racking Systems: Use sturdy, appropriately sized racks or shelving systems to store materials
off the ground and in an organized manner.

Covers and Wraps: Cover materials with tarps or plastic wraps to shield them from the
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elements and prevent moisture ingress.

o Segregation: Store different types of materials separately to prevent corrosion and
contamination. For instance, keep different grades of steel bars apart.

e First-In-First-Out (FIFO): When dealing with perishable materials, adopt a FIFO system to
ensure that older materials are used before newer ones.

e Aisles and Accessibility: Maintain clear aisles and easy access to stored materials for safety
and efficient retrieval.

Fig. 8.1.7 Maintaining, storing, and stacking materials

Properly maintained and stored tools and materials not only extend their lifespan but also contribute
to a safer and more productive work environment. Regular training and awareness among workers
about these practices are crucial to ensuring their successful implementation in domain-specific works
like construction.

— 8.1.7 Select the required Quantity of Materials, Tools, or ——
Devices for defined Work Activities

Selecting the required quantity of materials, tools, or devices for defined work activities in the Bar
Benderand Steel Fixer occupation in the construction sector involves careful planning and consideration
of the project’s scope, specifications, and safety requirements. Here’s a guideline for selecting these

resources:

Materials:
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Fig. 8.1.8 Materials

e Review Project Plans: Examine the construction drawings, blueprints, and specifications to
determine the types and quantities of materials needed for the reinforcement work.

e Calculate Quantities: Based on the project plans and structural engineering requirements,
calculate the quantities of steel bars, mesh, ties, and any other materials required.

» Consider Waste and Contingencies: Factor in potential waste, cutting scrap, and contingencies
for unexpected changes or adjustments in the project.

o Check Material Quality: Ensure that the selected materials meet the required quality standards
and specifications. This includes verifying steel bar grades and mesh dimensions.

e Order Materials: Place orders for the required materials well in advance to ensure they are
available when needed. Coordinate with suppliers to schedule deliveries.

Tools and Devices:

Fig. 8.1.9 Tools and devices
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Identify Tools: Make a list of the specific tools and devices needed for bar bending and steel
fixing tasks. This may include rebar cutters, benders, pliers, tying tools, measuring instru-
ments, and personal protective equipment (PPE).

Assess Tool Condition: Check the condition of existing tools and equipment to ensure they are
in good working order. Repair or replace any damaged or malfunctioning tools.

Allocate Tools: Assign tools to the workers who will be performing the tasks. Ensure that each
worker has access to the necessary tools and PPE.

Ensure Safety: Prioritize safety equipment, such as gloves, safety glasses, helmets, and steel-
toed boots, to protect workers during their tasks.

Plan for Equipment Sharing: If multiple teams or shifts are involved, plan for tool and equip-
ment sharing to maximize efficiency. Ensure proper storage and organization of shared tools.

Train Workers: Provide training to workers on the proper use and care of tools and equipment.
Emphasize safety protocols and best practices.

Monitoring and Adjustments:

Regularly Monitor Inventory: Keep track of materials, tools, and devices throughout the proj-
ect to ensure they are used efficiently and not wasted or lost.

Adjust as Necessary: Be prepared to adjust quantities and allocations as the project progress-
es. This may involve reordering materials or redistributing tools based on changing needs.

Emergency Reserves: Maintain emergency reserves of critical materials and essential tools in
case of unexpected delays or shortages.

Dispose of Waste Safely: Properly dispose of any waste materials, scrap, or worn-out tools
according to local regulations and environmental guidelines.

Fig. 8.1.10 Effective resource management
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Effective resource management is vital for the successful completion of construction projects. It
requires proactive planning, attention to detail, and ongoing monitoring to ensure that the right
guantities of materials, tools, and devices are available when needed to meet project milestones and
quality standards.

— 8.1.8 Procedure adopted for Prioritizing an Activity and ——
Sequencing of Activities

Prioritizing and sequencing activities in the Bar Bender and Steel Fixer occupation within the
construction sector is crucial for ensuring a smooth workflow, optimizing efficiency, and meeting
project deadlines. Here’s a procedure for prioritizing and sequencing activities:

1. Define the Project Scope:

Begin by understanding the project’s overall scope, objectives, and timelines. This includes
reviewing construction drawings, specifications, and any relevant project documents.

2. ldentify Critical Activities:

Identify critical activities related to Bar Bending and Steel Fixing. These are tasks that have
dependencies, impact project timelines, or are essential for safety and structural integrity.
Examples include:

e Site preparation
e Material procurement
e Reinforcement fabrication
e Reinforcement installation
e Quality control inspections
3. Create a Work Breakdown Structure (WBS):

Develop a WBS that breaks down the project into smaller, manageable tasks. This helps in
visualizing the entire scope of work and identifying dependencies between tasks.

4. Sequence Activities:

Determine the logical sequence in which tasks should be performed. Consider the following
factors:

e Precedence relationships: Some tasks must be completed before others can start (e.g.,
reinforcement fabrication before installation).
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e Resource availability: Ensure that the necessary tools, materials, and labor are available when
needed.

o Safety considerations: Prioritize tasks that are critical for safety, such as site preparation and
quality control inspections.

e Project schedule: Align the sequencing with the overall project schedule to meet milestones
and deadlines.

Prioritize Activities:

Once the activities are sequenced, prioritize them based on the following criteria:

Critical path: Identify activities on the critical path, which directly impact the project’s overall
duration. These activities should be given the highest priority.

o Safety: Prioritize activities that are essential for ensuring the safety of workers and compliance
with safety regulations.

e Material availability: Ensure that tasks requiring materials are scheduled when those materi-
als are expected to be available.

e Resource allocation: Allocate labor and equipment to tasks based on availability and depen-
dencies.

Develop a Gantt Chart:

Create a Gantt chart or project schedule that visually represents the prioritized and sequenced
activities. This chart should include start and finish dates for each task.

Monitor and Adjust:

Continuously monitor the progress of activities and adjust the schedule as needed. Be prepared to
address delays, resource shortages, or unforeseen issues promptly.

Communicate and Coordinate:

Maintain open communication with project stakeholders, including construction managers, engi-
neers, and other teams involved in the project. Ensure everyone is aware of the sequencing and
prioritization plan.

Execute the Plan:

Implement the prioritized and sequenced plan, ensuring that tasks are completed in the specified
order and within the allocated timeframes.

Review and Reflect:

After project completion, conduct a post-project review to assess the effectiveness of the priori-
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tization and sequencing process. ldentify areas for improvement and incorporate lessons learned
into future projects.

Fig. 8.1.11 Effective prioritization and sequencing of activities in the bar bending

Effective prioritization and sequencing of activities in the Bar Bender and Steel Fixer occupation are
essential for project success, on-time completion, and ensuring that structural integrity and safety
standards are met.

— 8.1.9 Prioritize all Works/Activities to Maximize Output

Prioritizing all works and activities in the Bar Bender and Steel Fixer occupation in the construction
sector is essential for maximizing output, efficiency, and overall project success. Here’s a demonstration
of how to prioritize tasks to achieve these goals:

1. Define Project Objectives:

Clearly define the project objectives, scope, and deliverables. Understand the client’s require-
ments and any specific milestones or deadlines.

2. Identify All Tasks:

Create a comprehensive list of all tasks related to Bar Bending and Steel Fixing. This includes ac-
tivities like site preparation, material procurement, reinforcement fabrication, installation, quality
control, and documentation.




Bar Bender and Steel Fixer

10.

11.

Categorize Tasks:

Group tasks into categories based on their nature and dependencies. Common categories might
include:

e Preparatory tasks (e.g., site preparation)

e Material-related tasks (e.g., procurement, fabrication)
e Installation tasks (e.g., reinforcement installation)

e Quality control and inspections

e Documentation and reporting

Determine Dependencies:

Identify dependencies between tasks. Some tasks must be completed before others can start. For
example, reinforcement fabrication must precede installation.

Assess Critical Path:

Determine the critical path, which is the sequence of tasks that, if delayed, would extend the proj-
ect’s overall duration. These tasks are top priorities.

Prioritize Based on Critical Path:

Give the highest priority to tasks on the critical path. Ensure they are well-managed, adequately
resourced, and closely monitored to prevent delays.

Safety First:

Prioritize tasks related to safety and compliance with regulations. Safety should never be compro-
mised for speed or efficiency.

Resource Allocation:

Ensure that the necessary resources, including materials, tools, equipment, and skilled labor, are
allocated to tasks as needed. Resource availability can significantly impact task sequencing.

Consider Efficiency and Cost:

Evaluate which tasks can be performed more efficiently by considering factors like weather condi-
tions, equipment availability, and labor productivity. Prioritize tasks that maximize efficiency and
reduce costs.

Buffer for Contingencies:

Allocate additional time as a buffer for unexpected delays or changes in the project. This helps
maintain flexibility in the schedule.

Collaborate and Communicate:

Maintain open and effective communication with project stakeholders, including construction
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managers, engineers, and other teams. Collaboration is key to resolving issues and optimizing
output.

12. Create a Detailed Schedule:

Develop a detailed project schedule or Gantt chart that includes start and finish dates for each
task. This visual representation helps in tracking progress and managing priorities.

13. Monitor and Adjust:

Continuously monitor the progress of tasks and compare it to the schedule. Adjust priorities as
needed to address delays or resource constraints.

14. Regularly Review and Improve:

Conduct regular reviews of the prioritization process to identify areas for improvement. Learn
from past projects and refine your approach to maximize output in future endeavors.

Urgent Not Urgent

Plan and schedule.

Important

Delegate

Who can do it for you? Eliminate the wastes.

Not Important

Fig. 8.1.12 The Eisenhower Matrix: How to prioritize your to-do list

By following this systematic approach to prioritize all works and activities, you can ensure that the Bar
Bender and Steel Fixer tasks are completed efficiently, on time, and to the highest quality standards,
ultimately maximizing output and contributing to the overall success of the construction project.
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— 8.1.10 Requisition of Resources, reporting for the
requirement of Resources Orally and in Writing to the
Concerned Authority

Requisitioning resources, whether it’s materials, tools, equipment, or labor, is a critical aspect of the
Bar Bender and Steel Fixer occupation in the construction sector.

PURCHASE REQUISITION

Fig. 8.1.13 Purchase and requisition

Here’s an explanation of how to request resources, report resource requirements orally and in writing
to the concerned authority:

Identify Resource Needs:

Begin by identifying the specific resource needs for your Bar Bending and Steel Fixing tasks. This
includes materials like steel bars and mesh, tools (e.g., rebar cutters, benders), equipment (e.g.,

cranes), and skilled labor.
Determine Quantity and Specifications:

Specify the quantity and specifications of the required resources. For materials, detail the type,
grade, size, and quantity. For tools and equipment, mention the specific models and quantities
needed.

Assess Timing:

Consider the project schedule and timeline to determine when each resource will be required.
This helps in planning the procurement or allocation of resources.
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4. Check Availability:

Check the current availability of resources within the construction project. Determine if the
resources are already on-site or need to be procured externally.

5. Prepare a Requisition Request:
e Oral Reporting:

¢ For urgent needs or immediate attention, communicate the resource requirement orally
to the concerned authority or supervisor.

¢ Clearly articulate what is needed, the quantity, when it’s needed, and why it’s essential.
Use clear and concise language.

e Written Reporting:

¢ For non-urgent or complex resource requirements, create a written requisition request.
This can be in the form of an email, memo, or formal requisition document.

6. Include Essential Information:
In the requisition request, include the following details:
e Type and specifications of resources needed.
e Quantity required.
o Date and time the resources are needed.
o Justification for the requirement (e.g., to meet project milestones, safety, or quality standards).
e Any specific preferences or specifications (e.g., preferred supplier for materials).
7. Address to the Concerned Authority:

Clearly state the name and position of the person or department to whom the requisition is
addressed.

8. Request Authorization:

If applicable, request the necessary authorization or approval for resource allocation or
procurement.

9. Submit the Requisition:
e Oral Reporting:

¢ Present your oral requisition request directly to the concerned authority in a face-to-face
meeting or via phone communication.

¢ Be prepared to answer any questions or provide further clarification.
e Written Reporting:

¢ If you are using a written requisition, send it through the appropriate communication
channels (email, memo distribution, or the organization’s requisition system).
¢ Ensure the request is properly documented and archived for future reference.
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10. Follow-Up:

After making the requisition, follow up with the concerned authority or department to ensure
they have received and understood your resource requirements.

11. Track and Record:

Keep a record of all resource requisitions, including dates, details, approvals, and responses. This
documentation helps in tracking resource allocation and resolving any disputes or issues.

12. Resource Allocation or Procurement:
Once the requisition is approved, the concerned authority or department will take action to

allocate the requested resources or procure them as needed.

Effective communication and documentation of resource requirements are essential for ensuring that
the Bar Bender and Steel Fixer tasks have the necessary resources to operate efficiently and meet
project objectives in the construction sector.

— 8.1.12 Demonstrate Requisition of Resources citing an
Example

Fig. 8.1.14 Requisition of resources




Participant Handbook

Here’s a demonstration of how to requisition resources for the Bar Bender and Steel Fixer occupation
in the construction sector, citing an example:

Example Requisition of Resources:

Project: Construction of a Commercial Building

Resource Requisition Request

Date: September 20, 20XX

To: [Name and Position of the Concerned Authority]
Subject: Requisition of Steel Bars and Reinforcement Tools
Dear [Name of the Concerned Authority],

| hope this message finds you well. | am writing to formally request the allocation of essential resources
required for the Bar Bending and Steel Fixing activities as part of our ongoing construction project for
the commercial building at [Project Site Address].

Resource Requirements:

1. Steel Bars:
a. Type: ASTM A615 Grade 60 Deformed Bars
b. Quantity: 50 metric tons
c. Required by: October 5, 20XX

d. Justification: These steel bars are needed for the next phase of our project, which includes
the reinforcement of structural elements. Procuring them on time is crucial to meet project
milestones and ensure structural integrity.

2. Reinforcement Tools:
a. List of tools:
e Rebar Cutters
» Rebar Benders
e Tying Tools
b. Quantity: 2 each of the listed tools
c. Required by: September 25, 20XX

d. Justification: Our current tools have shown signs of wear and are affecting the efficiency of
our steel fixing team. New tools are necessary to maintain productivity and safety on-site.




Authorization:

| kindly request your authorization and approval for the procurement and allocation of the above-listed
resources. These resources are essential for the successful continuation of our construction activities
and are in line with our project schedule.

Follow-up:

| am available for any further clarification or questions regarding this requisition. Please feel free to
reach me at [Your Contact Information].

Thank you for your prompt attention to this matter. Your support in ensuring the timely availability of
these resources is greatly appreciated.

Sincerely,

[Your Name]

[Your Position]

[Your Contact Information]

This written requisition provides a clear and detailed request for the necessary resources for the
Bar Bender and Steel Fixer team. It includes essential information such as the type and quantity of
resources, justification for the requirement, and a request for authorization. Following this process
helps ensure that the required materials and tools are procured or allocated in a timely manner,
enabling the team to continue their work efficiently and meet project milestones.

Fig. 8.1.15 Drawing of construction of a commercial building

288 .
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Unit 8.2 - Organising Resources

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Explain how to minimize wastage of resources.

2. Demonstrate optimum use of resources while performing domain-specific work activities.
3. Demonstrate waste collection and disposal as per organizational norms.

4. Explain the plan for waste collection and disposal after the task.

5. Demonstrate completion of work within stipulated time and plan.

— 8.2.1 Minimizing Wastage of Resources

Minimizing wastage of resources is crucial in the Bar Bender and Steel Fixer occupation within
the construction sector. Wastage not only increases project costs but also has environmental and
sustainability implications.

Fig. 8.2.1 Minimizing wastage of resources

Here are strategies to minimize wastage of resources:

1. Accurate Measurement and Planning:
Ensure accurate measurement and planning for materials, including steel bars and mesh. Over
ordering or incorrect measurements can lead to wastage.
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10.

11.

12.

13.

Precise Cutting and Fabrication:

Train workers to cut and fabricate materials with precision. Proper measurements and cutting
techniques reduce scrap and waste.

Inventory Management:

Implement effective inventory management practices to track materials and tools. Use a “first-in-
first-out” (FIFO) system to use older materials first.

Just-in-Time Procurement:

Adopt a just-in-time procurement strategy to minimize stockpiling materials. Order materials as
needed to reduce the risk of spoilage, theft, or damage.

Recycling and Reuse:

Develop a system to recycle and reuse materials whenever possible. For example, scrap steel can
often be recycled, reducing the need for new materials.

Training and Awareness:

Provide training to workers on the importance of resource conservation and waste reduction.
Encourage a culture of responsibility among employees.

Quality Control:

Implement strict quality control measures to reduce errors that may lead to resource wastage.
This includes verifying measurements and adherence to project specifications.

Pre-Fabrication:

Consider pre-fabrication of components off-site when feasible. This can minimize waste and
improve precision.

Inventory Audits:

Conduct regular inventory audits to identify slow-moving or obsolete materials. Dispose of or
repurpose such materials to prevent unnecessary storage costs.

Lean Construction Practices:

Embrace lean construction principles that focus on eliminating waste and improving efficiency.
This includes reducing overproduction, waiting times, and unnecessary transportation.

Efficient Tool Use:

Train workers to use tools and equipment efficiently. This includes proper maintenance and care
to extend the lifespan of tools.

Salvage and Salvageable Materials:

Salvage materials from demolished structures when possible. Salvaged steel bars and mesh can
often be refurbished and reused.

Supplier Collaboration:

Work closely with suppliers to minimize packaging waste and ensure materials are delivered in
optimal condition.




14. Documentation and Tracking:

Maintain detailed records of material usage, wastage, and recycling efforts. Analyze this data to

identify opportunities for improvement.

15. Waste Disposal:
Dispose of waste materials responsibly and in compliance with environmental regulations. Use
designated waste disposal sites or recycling facilities.

16. Continuous Improvement:
Foster a culture of continuous improvement, where teams regularly assess processes and practices
to identify and address areas of waste.

Minimizing resource wastage in the Bar Bender and Steel Fixer occupation requires a combination of
planning, training, monitoring, and continuous improvement efforts. By implementing these strategies,
construction projects can reduce costs, enhance sustainability, and contribute to a more efficient and
environmentally responsible industry.

— 8.2.2 Optimum Use of Resources in Domain-specific Work —;
Activities

Optimum use of resources in domain-specific work activities, such as Bar Bending and Steel Fixing in
the construction sector, is crucial for efficiency, cost-effectiveness, and overall project success.

Fig. 8.2.2 Optimum use of resources




Here’s a demonstration of how to achieve optimum resource utilization:

1. Efficient Material Handling: Begin by carefully handling materials to minimize damage and waste.
Avoid rough handling of steel bars and mesh to prevent bending or deformation.

2. Accurate Measurement and Cutting: Measure and cut materials with precision to reduce waste.
Use appropriate tools and templates to ensure accurate cuts and bends.

3. Just-In-Time Material Procurement: Implement a just-in-time procurement strategy to order
materials as needed, reducing storage costs and the risk of material damage or theft.

4. Sorting and Organizing: Organize materials systematically on-site. Group them by type, size, and
grade to simplify retrieval and prevent confusion.

5. Recycling and Reuse: Set up a system to collect and recycle scrap materials whenever possible.
Salvage and refurbish steel bars and mesh when appropriate.

6. Tool Maintenance: Maintain tools and equipment regularly to ensure they remain in optimal
working condition. Properly lubricate moving parts and replace worn-out components.

7. Skilled Workforce: Ensure that your workforce is well-trained and experienced in Bar Bending and
Steel Fixing techniques. Skilled workers are more efficient and produce less rework.

8. Pre-Fabrication: When feasible, consider pre-fabricating reinforcement components off-site to
minimize on-site labor and resource usage.

9. Lean Practices: Implement lean construction practices, such as reducing overproduction,

eliminating unnecessary processes, and optimizing worker flow to minimize resource waste.

10. Tool and Material Organization: Organize tools and materials efficiently on-site to reduce time
spent searching for items. Use labeled storage containers and racks for easy access.

11. Quality Control: Implement stringent quality control measures to ensure that materials and work
meet project specifications. Reducing rework saves both time and materials.

12. Communication and Coordination: Maintain open communication and coordination among team
members and with other trades to prevent conflicts and resource duplication.

13. Monitor and Adjust: Continuously monitor resource usage and adjust plans and strategies as
necessary. Regularly evaluate resource efficiency and identify areas for improvement.

14. Waste Management: Implement proper waste management practices to ensure that waste
materials are disposed of responsibly and in compliance with regulations.

15. Document Resource Usage: Maintain records of material and tool usage to track consumption
patterns and identify trends that can inform future resource planning.

16. Training and Education: Provide ongoing training and education to your workforce to keep them
updated on best practices, new technologies, and resource-efficient techniques.

By implementing these practices, you can optimize resource usage while performing domain-specific
work activities like Bar Bending and Steel Fixing. This not only helps control costs but also contributes
to the overall efficiency and sustainability of construction projects.
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— 8.2.3 Proper Waste Collection and Disposal

Proper waste collection and disposal are crucial aspects of maintaining a safe and clean construction
site, especially in the Bar Bender and Steel Fixer occupation within the construction sector.

Fig. 8.2.2 Optimum use of resources

Here’s a demonstration of waste collection and disposal following organizational norms:

1. Identifying Types of Waste: Begin by identifying the types of waste generated during Bar Bending
and Steel Fixing activities. This may include steel cutoffs, scrap materials, packaging, and general
construction waste.

2. Waste Collection: Place designated waste collection containers or bins strategically around the
work area. Ensure they are clearly labeled for different types of waste, such as “Scrap Steel,”
“General Waste,” and “Hazardous Materials.”

3. Segregation: Train workers to segregate waste at its source. For example, separate scrap steel bars
from other construction debris.

4. Safe Handling: Emphasize safety during waste collection. Ensure that workers wear appropriate
personal protective equipment (PPE), such as gloves and safety goggles, when handling waste
materials.

5. Temporary Storage: Store collected waste in designated areas within the construction site. Use
secure containers to prevent waste from scattering or contaminating the environment.

6. Hazardous Waste Management: Identify and separate any hazardous materials, such as chemicals
or materials with asbestos. Follow specific protocols for their safe containment and disposal as per
environmental regulations.

7. Recycling Initiatives: Implement recycling initiatives, especially for recyclable materials like scrap
steel. Coordinate with recycling centers or vendors for collection and recycling.
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12.

13.

14.

15.

Scheduled Waste Removal: Schedule regular waste removal services to ensure that containers do
not overflow. Consider arranging for waste removal on a weekly or bi-weekly basis, depending on
the volume of waste generated.

Documentation: Maintain records of waste collection and disposal, including the types and
guantities of waste generated, disposal dates, and disposal service providers.

Compliance with Regulations: Ensure that all waste collection and disposal practices comply
with local, regional, and national regulations regarding waste management and environmental
protection.

Hazardous Material Disposal: f hazardous materials are involved, work with licensed disposal
contractors to safely transport and dispose of them according to regulatory requirements.

Final Disposal Site: Transport waste to an approved disposal site, such as a landfill or recycling
facility, using authorized waste transporters.

Reporting: Report any spills, leaks, or accidents related to waste handling or disposal immediately
to the site supervisor or designated safety officer.

Training and Awareness: Continuously educate workers about proper waste management practices
and the importance of adhering to organizational norms for waste collection and disposal.

Continuous Improvement: Periodically review waste management processes to identify areas for
improvement and efficiency gains.

Fig. 8.2.4 Effectively collect and dispose of waste generated during bar bending activities

By following these steps and adhering to organizational norms and regulatory requirements, you can

effectively collect and dispose of waste generated during Bar Bending and Steel Fixing activities in a

safe, environmentally responsible, and compliant manner.
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— 8.2.4 Developing a Plan for Waste Collection and Disposal —

Developing a plan for waste collection and disposal after Bar Bending and Steel Fixing tasks in the
construction sector is essential to maintain a clean, safe, and environmentally responsible work site.

Transport and
dispose your

Evaluate your Label the
. waste properly

waste waste

Train Plan for
personnel emergencies

-

Keep records

Fig. 8.2.5 Waste collection and disposal process

Here’s a comprehensive plan for waste collection and disposal:

a) Waste Identification: Identify and categorize the types of waste generated during Bar Bending and
Steel Fixing tasks. Common types include scrap steel, packaging materials, general construction
debris, and potentially hazardous materials like chemicals.

b) Collection Containers: Place designated waste collection containers or bins at strategic locations
throughout the work site. Ensure these containers are:

e Clearly labelled with the type of waste they should hold.
¢« Made of sturdy materials to prevent leaks and spills.
e Covered to prevent waste from being scattered by wind or rain.

c) Segregation: Train workers to segregate waste at its source. This includes separating scrap steel
from other construction debris and segregating hazardous materials in accordance with safety
guidelines and regulations.

d) Hazardous Materials Handling: Establish strict protocols for the handling, containment, and
disposal of hazardous materials. Use specialized containers and follow safety data sheet (SDS)
instructions.

e) Temporary Storage: Designate specific areas within the construction site for the temporary storage
of waste. Ensure these areas are secure, and waste is stored away from the work area to prevent
interference with ongoing tasks.

f) Recycling Initiatives: Implement recycling initiatives, especially for recyclable materials like
scrap steel. Coordinate with recycling centers or vendors for the collection and recycling of these
materials.
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g) Scheduled Waste Removal: Schedule regular waste removal services to prevent containers from
overflowing. Depending on the volume of waste generated, arrange for waste removal on a weekly
or bi-weekly basis.

h) Documentation: Maintain accurate records of waste collection and disposal, including:
o Types and quantities of waste generated.
e Dates and times of waste collection and removal.
o Details of disposal service providers.

i) Compliance with Regulations: Ensure that all waste collection and disposal practices comply
with local, regional, and national regulations regarding waste management and environmental
protection.

j) Hazardous Material Disposal: If hazardous materials are involved, work with licensed disposal
contractors to safely transport and dispose of them in accordance with regulatory requirements.

k) Final Disposal Site: Transport waste to an approved disposal site, such as a landfill or recycling
facility, using authorized waste transporters.

I) Site Cleanup: Conduct a thorough cleanup of the construction site after waste removal. Ensure that
no residual waste or debris remains, promoting a safe and visually appealing work environment.

m) Reporting: Report any spills, leaks, or accidents related to waste handling or disposal immediately
to the site supervisor or designated safety officer.

n) Training and Awareness: Continuously educate workers about proper waste management practices
and the importance of adhering to the waste collection and disposal plan.

o) Continuous Improvement: Periodically review waste management processes to identify areas for
improvement, efficiency gains, and opportunities for waste reduction.

By following this comprehensive plan, you can ensure that waste generated during Bar Bending and
Steel Fixing tasks in the construction sector is collected and disposed of in a responsible, compliant,
and organized manner, contributing to a safer and cleaner work site.
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— 8.2.5 Demonstrate Completion of Work within stipulated —
Time and Plan
Completing work within the stipulated time and according to the plan is crucial in the Bar Bender and

Steel Fixer occupation in the construction sector to ensure project milestones are met and budgets are
adhered to.

Fig. 8.2.4 Effectively collect and dispose of waste generated during bar bending activities

Here’s a demonstration of how to achieve this:

Project: Construction of a Commercial Building

Task: Reinforcement of structural beams with steel bars
Stipulated Time: 10 days (as per project schedule)

Plan for Completion:

1. Project Review and Preparation (Day 1):

e Begin by reviewing the project plans and specifications for the reinforcement work.
e Assemble the Bar Bending and Steel Fixing team and conduct a safety briefing.

e Ensure all necessary tools, equipment, and materials are available and in good working
condition.

2. Task Breakdown (Day 1):

o Break down the reinforcement work into specific tasks, including cutting, bending, tying, and
installation of steel bars.
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e Assign responsibilities and tasks to individual team members based on their expertise.

3. Daily Task Allocation (Day 1):

e Create a daily work plan outlining the tasks to be completed each day for the next 10 days.
e Allocate resources, including skilled labor and equipment, based on the daily plan.

4. Task Execution (Days 2-9):

e Execute the daily tasks efficiently and according to the plan.
e Ensure that steel bars are cut and bent accurately, following project specifications.
e Implement quality control checks at various stages to maintain the highest standards.

5. Progress Monitoring (Daily):

e Continuously monitor the progress of each task throughout the workday.
e Address any issues or delays promptly to ensure tasks stay on schedule.
o 6Safety and Compliance (Throughout):
e Prioritize safety at all times. Ensure workers are wearing appropriate PPE.
e Adhere to local and national safety regulations and environmental guidelines.
7. Collaboration and Communication (Throughout):
e Maintain open communication with other construction teams, including concrete pour teams
and structural engineers, to coordinate work efficiently.
8. Quality Assurance (Throughout):
e Implement strict quality control measures to ensure all work meets project specifications and
quality standards.

9. Task Completion and Final Inspection (Day 10):

e Complete all tasks as per the schedule.

e Conduct a final inspection to verify that all steel bars are correctly installed and meet the proj-
ect’s structural requirements.

10. Clean-up and Reporting (Day 10):

e Ensure the work area is clean and free of debris.

e Submit a completion report to the project manager, including documentation of work com-
pleted and any deviations from the original plan.

11. Post-Completion Evaluation (After Project):
e Conduct a post-project evaluation to assess the efficiency of the work and identify areas for
improvement.

By following this plan diligently, the Bar Bender and Steel Fixer team can complete the reinforcement
work within the stipulated 10-day time frame while adhering to the project plan and maintaining the
highest quality and safety standards.
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Answer the following questions:

Short Questions:

How can you ensure the efficient upkeep of tools and materials on a construction site?
What is the primary purpose of a project plan in the construction industry?

Why is sequencing of activities important in project planning?

What steps should you take to organize the required resources for an assigned task?

How does selecting the right quantity of materials contribute to project efficiency?

Fill in the Blanks:

Proper storage helps the lifespan of tools and materials.

a) Extend b) Decrease

The critical path method helps identify the sequence of activities.

a) Longest b) Shortest

Selecting the qguantity of materials helps prevent waste and ensures the

project stays on budget.
a) Optimal b) Excessive

True or False: Organizing resources is a one-time activity and does not require adjustments as
the project progresses.

a) True b) False

Planning activities based on the schedule is more important than considering their

a) Complexity b) Interdependencies

True/False Questions:

True or False: Prioritizing activities is not essential in project planning.

True or False: Selecting the right quantity of materials has no impact on project cost.
True or False: Proper resource organization has no influence on construction site safety.
True or False: The critical path is the shortest path to complete a project.

True or False: Requisition of resources is only necessary when there is a shortage.




Participant Handbook

— Notes |E




Bar Bender and Steel Fixer




9. Follow Safety
Norms as defined by
organization, Adopt
Healthy and Safe Work
Practices

Unit 9.1 - Hazards and Emergency Situations
Unit 9.2 - Safety Drills, PPEs and Fire Safety
Unit 9.3 - Hygiene and Safe Waste Disposal Practices

Unit 9.4 - Infectious Disease and Its Cure
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At the end of this module, you will be able to:

Describe the reporting procedures in cases of breaches or hazards for site safety, accidents, and
emergencies as per guidelines.

Explain different types of safety hazards at construction sites.

Demonstrate how to follow emergency and evacuation procedures in case of accidents, fires, or
natural calamities.

Discuss basic ergonomic principles as per applicability.

Describe the procedure for responding to accidents and other emergencies at the site.
Explain the importance of handling tools, equipment, and materials as per applicable norms.
Explain the effect of construction material on health and environments as per applicability.
Describe various environmental protection methods as per applicability.

Explain the storage requirement of waste including non-combustible scrap material and debris,
combustible scrap material and debris, general construction waste and trash (non-toxic, non-
hazardous), any other hazardous wastes and any other flammable wastes at the appropriate
location.

Show how to collect, segregate and deposit construction waste into appropriate containers based
on their toxicity or hazardous nature.

Explain how to use hazardous material in a safe and appropriate manner as per applicability.
Explain types of fire.
Describe the procedure of operating different types of fire extinguishers.

Show how to operate different types of fire extinguishers corresponding to various types of fires
as per EHS guidelines.

State safety relevant to tools, tackles, and equipment as per applicability.

Demonstrate the use of appropriate Personal Protective Equipment (PPE) as per work requirements
for Head Protection, Ear Protection, Fall Protection, Foot Protection, Face and Eye Protection,
Hand and Body Protection, and Respiratory Protection (if required).

Demonstrate how to check and install all safety equipment as per standard guidelines.
List housekeeping activities relevant to the task.

Elucidate ways of transmission of infection Explain the ways to manage infectious risks at the
workplace.

Describe different methods of cleaning, disinfection, sterilization, and sanitization.
Show how to clean and disinfect all materials, tools and supplies before and after use.

List the symptoms of infection like fever, cough, redness, swelling, and inflammation.
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Unit 9.1 - Hazards and Emergency Situations

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Understand the types of hazards at the construction sites and identify the hazards specific to the
domain related works.

2. Recognize the safety control measures and actions to be taken under emergency situation.

3. Know the reporting procedure to the concerned authority in case of emergency situations.

—9.1.1 Hazards at Workplace

Hazards versus Risk: A hazard possesses the potential to induce harm, whereas risk pertains to the
probability of harm occurring as a result of being exposed to that hazard.

HAZARD vs RISK

A HAZARD is something RISK is the likelihood
that has the potential of a hazard
to harm you causing harm

@
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Fig. 9.1.1 Hazards versus Risk

Workplace Hazards Types: Workplace hazards can vary depending on the type of work and the industry.
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Here are some common types of workplace hazards that can be found in various workplaces:

e Physical Hazards:

e Slips, trips, and falls

e Falling objects or materials

e Contact with moving machinery or equipment

e Noise and vibration

e Extreme temperatures (hot or cold)

e Poor ergonomics leading to musculoskeletal disorders
e  Electrical Hazards:

e Electrical shock or electrocution

e Short circuits or electrical fires
e  Fire and Explosion Hazards:

e Combustible materials

e Electrical equipment malfunctions

e Inadequate fire safety measures
e Vehicle-Related Hazards:

e Accidents involving vehicles or heavy machinery

e Forklift incidents in warehouses and industrial settings
e Chemical Hazards:

e Exposure to toxic or hazardous substances (e.g., chemicals, fumes, gases)

e Skin contact with irritants or corrosive materials

e Chemical spills or leaks
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e  Psychosocial Hazards:
e Workplace stress and pressure
e Bullying or harassment
e Job insecurity
e Long working hours and inadequate rest breaks
Identifying and mitigating workplace hazards is essential to ensuring the health and safety of employees.

Employers should conduct regular risk assessments and implement appropriate safety measures and
training to minimize the risks associated with these hazards.

Fig. 9.1.3 Risk Associated with Hazards

—9.1.2 Hazard Identification and Risk Assessment (HIRA):

Hazard Identification and Risk Assessment (HIRA) is a systematic process used to identify potential
hazards in a workplace or any activity and assess the associated risks.

The primary goal of HIRA is to proactively identify and evaluate potential dangers to prevent accidents,
injuries, and adverse health effects. It is a fundamental component of occupational health and safety
management.
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Fig. 9.1.4 Risk Assessment

The HIRA process typically involves the following steps:

e Conduct a comprehensive site survey to identify potential hazards at the construction site.
» Involve workers, supervisors, and safety personnel in the hazard identification process.
e Prioritize hazards based on their severity and likelihood of occurrence.

e Assess the risks associated with each identified hazard, considering potential consequences
and exposure frequency.

e Implement appropriate control measures to reduce or eliminate the identified risks.

e Use the hierarchy of controls (elimination, substitution, engineering controls, administrative
controls, and PPE) to address hazards effectively.

e Provide necessary training and awareness programs for workers on identified hazards and
safety protocols.

e Regularly review and update the hazard identification and risk assessment as the construction
progresses.

e Maintain proper documentation of the hazard identification and risk assessment process.

e Foster a culture of safety and encourage workers to report any new hazards or safety concerns.
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Fig. 9.1.5 Risk Management Process

HIRA is an ongoing process that requires the involvement and cooperation of all stakeholders, including
workers, supervisors, safety officers, and management.

It helps create a safer work environment, reduces the likelihood of accidents, and contributes to
improved overall occupational health and safety.

Hazards Specific to Domain-Related Works in Construction:

e Roofing Hazards: Roofers face the risk of falls from heights, especially if proper fall protection
measures are not in place.

o Demolition Hazards: Demolition work involves risks of flying debris, structural collapses, and
exposure to hazardous materials.

e Welding and Cutting Hazards: Welders are exposed to sparks, fumes, and electrical hazards
during welding and cutting processes.

e Crane and Heavy Equipment Hazards: Improper operation of cranes and heavy machinery can
lead to struck-by and caught-in accidents.

» Scaffolding Hazards: Improperly assembled/unstable scaffolding poses fall risks for workers.

e Concrete and Masonry Hazards: Workers involved in concrete pouring and masonry work
face risks of heavy lifting injuries and ergonomic issues.

o Highway and Roadwork Hazards: Road construction workers are at risk of being struck by
vehicles passing through the work zone.

e Electrical Installation Hazards: Electricians face the dangers of electric shocks and arc flashes
during installation and maintenance work.
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e Painting Hazards: Painters may encounter risks from working at heights, using chemicals in
paints, and exposure to fumes.

e Tunneling Hazards: Workers involved in tunnel construction face risks of collapse, flooding,

and exposure to harmful gases.

Different domain-related works have their unique risks, and it’s essential to tailor safety measures
accordingly to ensure a safe work environment for all employees.

—9.1.3 Workplace Warning Signs:

Workplace warning signs are essential visual cues used in KNOW YOUR SAFETY SIGNS

various environments to convey important information, ( THERE ARE 4 TYPES \
instructions, or potential hazards.

PROHIBITION MANDATORY

These signs play a crucial role in promoting safety, providing

guidance, and preventing accidents.

Safety signs are essential visual cues used to convey critical

safety information and promote safety awareness in various DON'T DO MUST DO

environments.

SAFE CONDITION

THE SAFE WAY,
e,

Safety Signs are generally divided into 4 Categories along
with their Colour Codes:

e Red
DANGER
e Yellow Fig. 9.1.6 Workplace Warning Signs
e Green
Safe Condition Signs —_ Warning Signs
' ; é Compressed
ﬂﬁrﬂ Al I ::l];lgenf‘r —_— £ COA | Cryogenic
T Radiation hazard
hazard P
Toxic
ﬁ § Ei F A Bio hazard hazard
H Drinking Ire —_—
Wat ! e — A
‘ “ et J Magnetic Laser
hazard hazard
Prohibition Signs Mandatory Signs — must follow instruction
Eye
No smoking protection
Respiratory
A protection
No entry
Hand
Protection

Fig. 9.1.7 Four Types of Safety Signs and their Colour
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—9.1.4 Emergency Response Plan (ERP)

An Emergency Response Plan (ERP) is a comprehensive document that outlines procedures, protocols,
and responsibilities to be followed in the event of emergencies or critical incidents.

The ERP is designed to ensure the safety and well-being of individuals, property, and the environment
during emergencies.

Fig. 9.1.8 Emergency Response Plan (ERP)

—9.1.5 Reporting Emergency

Reporting procedures in case of emergency situations at a construction site play a crucial role in
ensuring the safety of workers and facilitating a swift and coordinated response. The specific reporting
procedure may vary depending on the construction site’s policies and the type of emergency.

N-) b
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Fig. 9.1.10 Reporting Emergency Situations
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However, here are general steps to follow when reporting an emergency situation at a construction

site in India:

10.

Assess the Situation: Quickly assess the nature and severity of the emergency while ensuring your
safety and the safety of others, if possible.

Activate the Alarm: If the construction site has an alarm or emergency alert system, activate it to
alert other workers and personnel about the emergency.

Call Emergency Services: Dial the appropriate emergency services number in India, which is 112,
to connect to Police, Fire, and Medical emergency services.

Provide Essential Information: When calling emergency services, provide the operator with the
following information:

e The type of emergency (e.g., fire, collapse, injury).

e The exact location of the construction site, including the address or nearby landmarks.
e Any specific hazards or risks present at the site.

e The number of people involved or injured (if known).

Notify On-Site Personnel: Inform the on-site supervisor, safety officer, or designated emergency
response team members about the emergency.

Follow the Construction Site’s Emergency Response Plan: Comply with the specific reporting
procedures outlined in the construction site’s Emergency Response Plan. This may involve
contacting a specific individual or department responsible for handling emergencies.

Cooperate with Authorities: Once emergency services arrive at the construction site, cooperate
fully with the authorities and follow any instructions provided by them.

Inform Contractors or Site Management: If the construction site involves multiple contractors or
has site management, inform them about the emergency situation.

Document the Incident: After the emergency has been addressed, document the incident
thoroughly, including the details of the emergency, response actions taken, and any injuries or
damages incurred.

Review and Improve Procedures: After the emergency situation has been resolved, review the
response and reporting procedures to identify any areas for improvement and make necessary
adjustments to the Emergency Response Plan.

It is essential for all personnel working at the construction site to be familiar with the site’s specific

emergency response procedures and protocols. Regular training, drills, and awareness programs can

help ensure that everyone knows how to respond effectively in case of emergencies, reducing the risk

of injuries and minimizing damage to property.
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Unit 9.2: Safety Drills, PPEs and Fire Safety

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Explain the classes of fire and types of fire extinguishers.
Demonstrate the operating procedure of the fire extinguishers.
Explain the importance of participation of workers in safety drills.

2

3

4. List out basic medical tests required for working at construction site.

5. Explain the purpose and importance of vertigo test at construction site.
6

Explain the types and benefits of basic ergonomic principles, which should be adopted while
carrying out specific task at the construction sites.

7. Demonstrate use of PPEs as per work requirements.

—9.2.1 Fire Triangle & Fire Types

Fire is a chemical reaction that occurs when a substance combines with oxygen and releases heat,
light, and various combustion products. It is a rapid oxidation process that can lead to destructive
consequences if not controlled.

The fire triangle is a simple model used to illustrate the three essential components necessary for a fire
to occur. These three components must be present simultaneously for a fire to ignite and sustain itself.

There are several types of fires, categorized based on the fuel involved. The four main classes of fires
are:

Fig. 9.2.1 Fire Triangle
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A Ll Ordinary | Wood, Paper,
N ', Combustibles| Cloth, Etc.
Flammable | Grease, Oil,
4 Liquids Paint, Solvents
' Live Electrical | Electrical Panel,
Equipment Motor, Wiring,
Etc.
Combustible | Magnesium,
D Metal Aluminum, Etc.
/ Commgrcial Cooking Oils,
§E Cooking Animal Fats,
Equipment [Vegetable Oils

Fig. 9.2.1 Fire Triangle

It is essential to use the appropriate extinguishing agents and follow proper fire safety protocols based
on the type of fire to ensure effective firefighting and minimize risks to life and property. Fire safety
training and understanding the different types of fires are crucial for individuals to respond safely and

efficiently in the event of a fire emergency.

—9.2.2 Fire Safety
Fire safety is a set of actions aimed at reducing the amount of damage caused by fire.

Fire safety procedures include both those that are used to prevent an uncontrolled fire from starting
and those that are used to minimise the spread and impact of a fire after it has started. Developing and
implementing fire safety measures in the workplace is not only mandated by law but is also essential
for the protection of everyone who may be present in the building during a fire emergency.

Fig. 9.2.3 Fire at Construction Site
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The basic Fire Safety Responsibilities are:

« To identify risks on the premises, a fire risk assessment must be carried out.
e Ascertain that fire safety measures are properly installed.
e Prepare for unexpected events.

e Fire safety instructions and training should be provided to the employees.

Prevention of a Workplace Fire:

e Workplace fire drills should be conducted regularly.
e If one has a manual alarm, one should raise it.

e Close the doors and leave the fire-stricken area as soon as possible. Ensure that the evacua-
tion is quick and painless.

e Turn off dangerous machines, and don’t stop to get personal items.

e Assemble at a central location. Ascertain that the assembly point is easily accessible to the
employees.

o If one’s clothing catches fire, one shouldn’t rush about it. They should stop, descend on the
ground, and roll to smother the flames if their clothes catch fire.

—9.2.3 Fire Extinguisher

A fire extinguisher is a portable firefighting device designed to control and extinguish small fires. It is
an essential tool for fire safety, allowing individuals to respond quickly to fires before they become
unmanageable.

Fire extinguishers work by discharging a firefighting agent onto the fire, either by cooling the fuel,
smothering the flames, or interrupting the chemical reaction required for combustion. Each fire
extinguisher is specifically designed to combat certain classes of fires.

The most common types of fire extinguishers are:

1. Water Fire Extinguisher (Class A):

» Suitable for Class A fires involving ordinary combustible materials such as wood, paper, cloth,
plastics, and rubber.

2. Foam Fire Extinguisher (Class A and Class B):

o Effective for Class A fires (ordinary combustibles) and Class B fires (flammable liquids and
gases).

3. Dry Powder Fire Extinguisher (Class A, Class B, and Class C):

e Versatile extinguisher suitable for Class A, B, and C fires.




4. Carbon Dioxide (CO2) Fire Extinguisher (Class B and Class C):

o Suitable for Class B fires (flammable liquids and gases) and Class C fires (energized electrical
equipment).

5. Wet Chemical Fire Extinguisher (Class K):

e Specifically designed for Class K fires involving cooking oils and fats.

Wet
Chemical
= — <% = o
‘-—ﬁ.\_r/—" o R ‘-:-1?:-_:_;;{«’
For use on For use on For use on For use on For use on

It s £

i i o ar
EE‘ Flammable liquids @ Wood, Paper, E Wood, Paper, Al wood, Paper, &f Cooking oil fires

Textiles etc Textiles etc Textiles etc

s 5

Live electrical h s .
equipment ﬁs Flammable liquids ﬁ Flammable liquids ® De fict iise i ﬁ Wood, Paper,

Textiles etc.

® Do not use on o B
C| Gaseous fires E} Flansnabie fgukd Discharge entire contents
‘IR.‘ ® P & v on to fire from at least 1
& :J:::Ii.spaper e metre distance

fum & [Brotriiee Live electrical
ﬁ‘ Flammable metal equipment Hive eleotrical equipment

fives equipment

Do not use in a confined
space

Fig. 9.2.4 Types of Fire Extinguishers

Fire extinguishers should be placed in easily accessible locations throughout buildings, construction
sites, vehicles, and other facilities. Regular maintenance, inspection, and employee training on how
to use fire extinguishers properly are essential components of fire safety programs. Remember, fire

extinguishers are designed for small fires only. For larger fires or situations beyond your control,
evacuate the area immediately and call the appropriate emergency services.

Using Fire Extinguisher:

Using a fire extinguisher properly can be instrumental in quickly extinguishing small fires and
preventing them from spreading. When using a fire extinguisher, remember the acronym “PASS,”
which stands for Pull, Aim, Squeeze, and Sweep.

317 .




Bar Bender and Steel Fixer

Pull the pin.

Aim fhe hose?

Sweep the extinglisher back and forth.

To operate an extinguisher:

P ull
Aim
Sq ueeze
Sweep

(D) PuLL the pin

e
&
I‘l
$WE EP nozzle
side to side

'
.
"

e ee e

Fig. 9.2.5 Using a Fire Extinguisher

Remember the following important tips:

e Only use a fire extinguisher on small fires that are contained and not spreading rapidly.

e Make sure you are using the right type of fire extinguisher for the specific class of fire (e.g.,
Class A, B, C, K).

» Always maintain a safe distance from the fire and avoid getting too close to the flames.

e Never turn your back on a fire, and be prepared to evacuate if the fire becomes too large or
uncontrollable.

o If the fire does not respond to the extinguisher or starts to grow rapidly, evacuate the area
immediately and call the fire department.




Participant Handbook

— 9.2.4 Safety Drills and Its Importance for Workers

The participation of workers in safety drills at a construction site is of utmost importance to ensure
a safe working environment and reduce the risk of accidents or incidents. Construction sites are
inherently hazardous places, and safety drills play a crucial role in preparing workers to respond
effectively to emergencies.

[g |

Fig. 9.2.6 Components related to Safety Drill

Here are some specific reasons why worker participation in safety drills is vital in a construction site
setting:

+ Familiarization with Site-Specific Procedures: Construction sites can have unique layouts and
hazards. Safety drills allow workers to become familiar with site-specific emergency proce-
dures, such as evacuation routes, muster points, and the location of emergency equipment.

e Practicing Response to Common Construction Hazards: Safety drills provide an opportunity
to practice responding to emergencies related to common construction hazards, such as falls,
structural collapses, confined space incidents, and electrical accidents.

e Building Muscle Memory for Critical Tasks: By participating in safety drills, workers develop
muscle memory for critical safety tasks, such as donning personal protective equipment (PPE),
using fire extinguishers, or performing emergency rescues. Muscle memory helps workers
react quickly and instinctively during real emergencies.

o Testing Effectiveness of Emergency Plans: Safety drills allow construction site managers to
assess the effectiveness of the site’s emergency response plans and identify any gaps or weak-
nesses that need to be addressed.

o Boosting Confidence and Reducing Panic: Regular participation in safety drills can boost
workers’ confidence in their ability to handle emergencies, making them less likely to panic
and more likely to respond calmly and rationally.

o Team Coordination and Communication: Safety drills encourage teamwork and coordination
among workers. It helps them practice effective communication during emergencies, which is
essential for a coordinated and efficient response.

e Compliance with Regulations: Construction sites are subject to various safety regulations and
standards. Worker participation in safety drills ensures that the construction site is compliant
with safety requirements.
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» Preventing Injuries and Fatalities: The ultimate goal of safety drills is to prevent injuries and
save lives. Properly trained and prepared workers are more likely to respond effectively to
emergencies, reducing the severity of incidents.

» Emergency Response Performance Evaluation: Safety drills provide an opportunity to evalu-
ate how well workers respond to emergencies and identify areas that need improvement or
additional training.

e Promoting a Safety Culture: Encouraging worker participation in safety drills sends a strong
message about the importance of safety at the construction site. It fosters a safety-first culture
and instills a sense of responsibility for safety among all workers.

By actively involving workers in safety drills, construction site management can significantly enhance
the site’s emergency preparedness, improve response capabilities, and create a safer working
environment for everyone involved.

Evacuation:

Evacuation at a construction workplace/site is a crucial aspect of ensuring the safety of all workers
and visitors in case of emergencies. Construction sites can be hazardous environments with various
potential risks, making preparedness and efficient evacuation procedures essential.

Fig. 9.2.7 Emergency Evacuation

—9.2.5 Medical Examination for Construction Workers

The government has mandated that industrial enterprises undertake annual health checkups on their
employees. In accordance with the Factories Act of India from 1947, both contractual and permanent
employees in manufacturing businesses are required to undergo periodic health examinations. These
examinations aim to protect the health and safety of factory workers.

The type of medical examination varies according to an employee’s job description or the nature of the
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industrial process in which he is involved. For instance, if an employee works in the food business, their
hands are routinely inspected for skin disorders. If someone is involved in a hazardous manufacturing
process, chest X-rays may be part of the medical checkup.

Consequently, depending on the nature of the production process and the job profile, an employee
may be subjected to all standard and specific tests.

In addition, the frequency of medical examinations varies. According to the Maharashtra Plant Rules,
for instance, if the factory is involved in the production of lead, workers are inspected once every
month.

Medical Check-up Prior to Employment: A young person must have a pre-employment medical
examination by a Certifying Surgeon to determine and confirm his fitness to work in a factory, according
the Factories Act of 1949. The certificate of fitness is only valid for one year from the date it was issued.

Medical Examinations for Workers in Hazardous Occupations: According to the Factories Act, a plant
that engages in hazardous procedures is required to have its employees examined by a competent
medical professional prior to employment and on a recurrent basis thereafter. Workers employed in a
“hazardous process” are medically tested once before to employment by a Factory Medical Officer to
determine their physical fitness and appropriateness for employment in a hazardous process.

Once every six months, the health status of all workers exposed to occupational health hazards must
be determined.

[
Fig. 9.2.8 Medical Examination for Construction Workers

Form 7 is completed, and if the medical findings reveal any abnormality or unsuitability of a person
employed in the hazardous process, or if the worker has manifested signs and symptoms of a notifiable
disease (as specified in the Third Schedule of the Factories Act), the worker must be removed from
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the process for health protection and cannot be employed in the same process. Alternatively, if the
worker is totally handicapped, he or she will receive appropriate rehabilitation. Only after obtaining a
Fitness Certificate from the Certifying Surgeon and Form 7 in accordance with the Factories Act may a
withdrawn employee be rehired for the same process.

List of Recommended Medical Tests under the Factories Act:

1. Complete Physical Examination
2. Blood Group, Rh factor

3. Blood CBC, ESR, RBS

4. Urine Test (Routine & Microscopic)

5. Creatinine

6. Electrocardiogram (Computerised ECG)
7. Chest X-Ray (Standard Size)

8. Lung Function Test

9. Vision Test (Screening)

10. Audiometric Test

11. HIV & HBS Tests

9.2.6 Vertigo Test

Vertigo is a symptom, not a condition in and of itself. Vertigo is a sort of dizziness that is frequently
described as the sensation that one is spinning or that the world is spinning around them, especially
when they alter their position.

Vertigo affects people of all ages. Middle ear pathology is typically the culprit in younger patients. The
danger of falls and associated sequelae necessitates a specialised assessment of the elderly. The key
to arriving at a diagnosis is distinguishing vertigo from other causes of dizziness or imbalance, as well
as distinguishing central causes of vertigo from peripheral causes.

Vertigo is a symptom that is associated with numerous medical disorders. Your doctor may require
one or more tests or procedures to better understand your underlying issue. Numerous of these tests
require specialised equipment and experienced personnel.

Some exams are brief and painless, while others are lengthy and unpleasant Your doctor can recommend
the relevant tests for your condition.
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Fig. 9.2.9 Vertigo Test for Construction Workers

— 9.2.7 Basic Ergonomic Principles

Basic ergonomic principles involve designing and arranging workspaces, equipment, and tasks to
optimize efficiency, productivity, and worker well-being.

Ergonomics aims to reduce the risk of musculoskeletal disorders (MSDs) and other work-related
injuries by ensuring that the work environment fits the worker’s capabilities and needs.

Construction sites can be physically demanding and involve various tasks that may lead to
musculoskeletal disorders (MSDs) and other injuries if not properly addressed. Here are some basic
ergonomic principles to consider at a construction site:

Fig. 9.2.10 Basic Ergonomic Principles




e  Proper Lifting Techniques:

e Train workers in proper lifting techniques to avoid back injuries. Encourage the use of
mechanical lifting aids, such as cranes or hoists, for heavy or awkward loads.

e Worksite Organization:
e Arrange tools, equipment, and materials to minimize excessive reaching or bending.
o Keep frequently used items within easy reach to reduce unnecessary movement.

e Tool Selection:

e Provide ergonomic tools with appropriate grips and handles that reduce hand and wrist
fatigue.

e Choose tools that require less force to operate to prevent overexertion.

By applying these basic ergonomic principles at construction sites, employers can create a safer and
more comfortable working environment, reduce the risk of work-related injuries, and improve the
overall well-being and productivity of construction workers.

— 9.2.7 First Aid

First aid refers to the immediate and initial care given to an injured or ill person before professional

medical help arrives. It is crucial in emergencies to stabilize the injured or sick individual and prevent
their condition from worsening.

First aid aims to preserve life, alleviate pain, and promote recovery.

Here are some key points about first aid:

Fig. 9.2.11 First Aid to Injured Person
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Objectives of First Aid:

e Preserve Life: The primary objective of first aid is to assess the situation and provide immediate
care to save lives.

e Prevent Further Harm: First aid measures aim to prevent the injured person’s condition from
worsening.

e Relieve Pain: First aid techniques can provide pain relief to the injured or ill person.

e Promote Recovery: Properly administered first aid can help promote the person’s recovery
and reduce the severity of injuries or illnesses.

Common First Aid Procedures:

e Assessment: Assess the situation and the injured or ill person’s condition. Ensure your safety
and the safety of others.

e CPR (Cardiopulmonary Resuscitation): If the person is not breathing or their heart has
stopped, perform CPR to maintain blood flow and provide oxygen.

« Bleeding Control: Apply pressure to stop bleeding from wounds and injuries.
e Wound Care: Clean and dress wounds to prevent infection and aid healing.

e Fracture and Sprain Care: Immobilize fractures and provide support for sprains to prevent
further damage.

e Burn Care: Cool burns with running water and cover with a clean, non-stick dressing.

e Choking Response: Perform abdominal thrusts (Heimlich maneuver) on a choking person to
clear their airway.

e Seizure Management: Keep the person safe during a seizure and provide comfort afterward.

First Aid Kits:

A well-stocked first aid kit is essential in homes, workplaces, and vehicles. It should contain items
such as adhesive bandages, gauze pads, antiseptic wipes, adhesive tape, scissors, tweezers, CPR mask,
disposable gloves, and pain relievers, among others.

Note: While first aid can be lifesaving, it is not a substitute for professional medical care. In emergencies,
call for professional help (e.g., emergency services) as soon as possible, especially for serious injuries
orillnesses.

Itis crucial to receive formal first aid training to effectively administer first aid and respond appropriately
in emergency situations. Proper training ensures that you can provide the most appropriate care and
support to those in need until professional help arrives.
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Fig. 9.2.12 First Aid Kit

— 9.2.9 Ensure Electrical Safety at Construction Sites

Electrical safety is important because hazards such as arc flash and shock can result in death if you are

exposed to them.
Fortunately, the likelihood of this occurring is relatively low.

However, the control measures that prevent these hazards require careful management, attention to

detail and technical competence.

Fig. 9.2.12 First Aid Kit
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e Conduct regular inspections of electrical equipment and wiring to identify any potential
hazards or defects.

e Ensure all electrical installations and equipment meet relevant safety standards and codes.
e Provide proper training to construction workers on electrical safety practices and procedures.
e Clearly label electrical panels, switches, and outlets for easy identification.

e Use ground fault circuit interrupters (GFCls) to protect against electric shock in wet or damp
environments.

* Avoid overloading electrical circuits and outlets by distributing loads evenly.

e Keep electrical cords and cables away from heavy machinery, sharp objects, or areas with high
foot traffic.

e Store electrical tools and equipment properly when not in use to prevent damage and
accidents.

e Use insulated tools and personal protective equipment (PPE) when working with electricity.

e Have a clear emergency plan in place in case of electrical accidents or incidents and ensure

workers are familiar with it.

Fig. 9.2.14 Electrical Safety

— 9.2.10 PPE and Its Importance

Personal Protective Equipment (PPE) plays a crucial role in the construction industry to protect workers
from potential hazards and ensure their safety on the job. PPE is designed to shield workers from
various risks, such as falling objects, electrical hazards, chemical exposure, noise, and more.
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Fig. 9.2.15 PPEs in Construction Industry

Importance of PPE in Construction Industry:

« Hazard Protection: PPE serves as a barrier between workers and potential workplace hazards,
preventing injuries and illnesses.

e Legal Compliance: Regulatory authorities require the use of appropriate PPE in construction
to meet safety standards and comply with regulations.

e Injury Prevention: PPE can significantly reduce the risk of injuries and accidents, protecting
workers” health and well-being.

o Risk Reduction: PPE mitigates the risk of exposure to harmful substances, noise, dust, and
other occupational hazards.

e Enhanced Productivity: When workers feel safe and protected, their confidence and efficien-
cy increase, leading to improved productivity.

Types of PPE in Construction Industry:
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Injury
Protection
Head Injury
Protection

Description

Head injuries can occur due to falling
or flying objects, stationary objects, or
contact with electrical wires.

Hard hats provide protection against such
injuries by shielding the head.

Electrician’s hard hat is commonly made
of nonconductive plastic.

It is accompanied by safety goggles for
additional eye protection.

Foot and Safety shoes, especially those made of
Leg Injury leather, provide essential foot protection.
Protection
They offer protection against various
risks, including falling or rolling objects,
sharp objects, wet and slippery surfaces,
molten metals, hot surfaces, and
electrical hazards.
Proper use of safety shoes enhances
safety measures for workers in hazardous
environments like construction sites.
Eye and Spectacles and goggles provide
Face Injury | protection against hazards like flying
Protection | fragments, large chips, hot sparks,

radiation, and splashes from molten
metals.

Special helmets or shields offer additional
protection for the face and eyes in
hazardous environments.

Spectacles with side shields and face
shields enhance eye safety by preventing
exposure to various risks.

These protective gears also safeguard
against particles, sand, dirt, mists, dust,
and glare, promoting overall eye health
and safety.
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Protection
against
Hearing
Loss

Hearing protection can be achieved
through earplugs or earmuffs.
Prolonged exposure to high noise can
lead to permanent hearing loss, physical
strain & mental stress.

Self-forming earplugs made of materials
like foam, waxed cotton, or fibreglass
wool are commonly used as they offer a
good fit.

For better fit and protection, workers
should be fitted with moulded or
prefabricated earplugs by a specialist.

Hand Injury
Protection

Hand protection is crucial for workers
exposed to hazardous substances through
skin absorption, serious wounds, or
thermal burns.

Gloves are commonly used as protective
gear for hands.

Electricians often use leather gloves
with rubber inserts when working on
electrified circuits.

Kevlar gloves are employed when
stripping cable with a sharp blade to
prevent cuts and injuries.

Whole Body
Protection

Full-body protection is essential for
workers to safeguard against heat and
radiation hazards.

Whole-body PPE includes materials like
rubber, leather, synthetics, plastic, fire-
retardant wool, and cotton.
Maintenance staff working with
high-power sources like transformer
installations and motor-control centers
are often required to wear fire-resistant
clothes for added safety.

Table 9.2.1 PPEs for Construction Worker
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Care and Maintenance of PPE:

e Regular Inspection: PPE should be inspected before each use to ensure it is in good condition
and free from damage.

e Proper Storage: Store PPE in a clean, dry, and designated area away from direct sunlight and

chemical exposure.

e Cleaning: Clean PPE regularly according to the manufacturer’s guidelines to maintain its effec-

tiveness.

e Replacement: PPE should be replaced when damaged, worn out, or beyond its usable life as

specified by the manufacturer.
e Training: Provide training to workers on the proper use, care, and limitations of PPE.

e Comfort and Fit: Ensure that PPE fits properly and is comfortable for the worker to encourage
consistent use.
PPE is essential for protecting workers from harm, but it is also the last line of defence.

Eye protection
Blowing dust or particles, metal shavings,
acids or caustic liquids, welding light

Head protection
Falling or flying objects,
overhead objects

@_

Hearing protection
Loud tools and machinery,
poorly maintained equipment

Chaps pants N\

Chainsaws
<

High-visibility hat, vest, pants
Errant vehicles, distracted drivers

W

Hand protection
Sharp or hot objects, chemicals,
biological or electrical hazards

Harness lanyard
Working more than 6 feet or more
above a lower level

Foot protection

Falling or rolling objects,
sharp or heavy objects, wet
and slippery surfaces, uneven
surfaces, hot surfaces,
electrical hazards

Fig. 9.2.14 Electrical Safety
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Care and Maintenance of Tools & Equipment:

e Regularly inspect tools and equipment for signs of damage or wear.

e Keep tools and equipment clean and free from dirt and debris after each use.

e Store tools and equipment in a dry and secure location, protected from weather elements.

o Follow manufacturer’s instructions for battery-operated tools regarding charging and storage.

e Train workers on proper tool usage, care, and maintenance to ensure safe and efficient oper-
ation

— 9.2.11 Ladder Safety in Construction

Ladder safety is crucial in the construction sector to prevent accidents and injuries. Here are some
important guidelines and practices that workers should follow when using ladders:

e Choose the right ladder for the task, considering height and weight capacity.

e Inspect the ladder for defects, cracks, and damage before use.

e Place the ladder on a stable and level surface to prevent tipping.

e Maintain three points of contact while climbing (two hands, one foot, or two feet, one hand).
e Never overreach while on the ladder; reposition it if necessary.

e Keep the ladder area clear of obstacles and debris.

e Ensure there are no overhead hazards like power lines or obstacles.

e Secure the ladder at the top to prevent sliding or shifting.

e Use non-conductive ladders when working near electrical sources.

e Provide training to workers on proper ladder usage and safety measures.

Fig. 9.2.17 Ladder safety
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Unit 9.3: Hygiene and Safe Waste Disposal Practices

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Follow the practices to maintain personal hygiene, workplace hygiene and site/ workplace
sanitization

e Understand the importance of housekeeping works
» Keep an eye on safe housekeeping practices

e Understand different types of waste at construction sites and their disposal method

vk N

¢ Know safe waste disposal practices followed at construction site

—9.3.1 Personal Hygiene and Cleanliness

Personal hygiene and cleanliness are essential practices that involve maintaining cleanliness and taking
care of one’s body to prevent the spread of germs, illnesses, and maintain overall well-being. These
practices are crucial for promoting good health and preventing the transmission of infectious diseases.

PERE[INH[
GIENE

Fig. 9.3.1 Personal Hygiene




Here are some key aspects of personal hygiene and cleanliness:

e Regular Bathing or Showering: Regular bathing or showering helps to keep the body clean
and remove dirt, sweat, and bacteria from the skin.

e Handwashing: Proper handwashing with soap and water is one of the most effective ways to
prevent the spread of germs and infections.

e Oral Hygiene: Brushing teeth twice a day and flossing regularly help maintain good oral health
and prevent dental problems.

o Trimming Nails: Keeping nails clean and trimmed prevents the accumulation of dirt and germs
under the nails.

e Hair Care: Regularly washing and maintaining hair cleanliness can prevent scalp issues and
promote healthy hair.

e Wearing Clean Clothes: Wearing clean clothes helps prevent the spread of germs and keeps
the body fresh.

e Proper Use of Personal Protective Equipment (PPE): In certain situations, such as during a
pandemic or when handling hazardous materials, using appropriate PPE like masks, gloves,
and safety gear is crucial for personal protection and hygiene.

e Handling Food Safely: Properly handling, preparing, and storing food helps prevent food-
borne illnesses.

e Cough and Sneezing Etiquette: Covering the mouth and nose with a tissue or elbow when
coughing or sneezing helps prevent the spread of respiratory droplets containing germs.

e Managing Menstrual Hygiene: Properly managing menstrual hygiene is essential for women’s
health and well-being.

e Cleaning and Disinfecting Surfaces: Regularly cleaning and disinfecting frequently-touched
surfaces, such as doorknobs and handles, helps prevent the spread of germs.

e Managing Personal Waste: Properly disposing of waste and using clean and sanitary facilities
help prevent the spread of infections.

Maintaining personal hygiene and cleanliness is not only important for individual health but also for
public health. It is essential for reducing the risk of contagious diseases and maintaining a hygienic
living and working environment. By practicing good personal hygiene and cleanliness, individuals can
contribute to a healthier and safer community.

Importance of Informing on Personal Health Issues

The importance of reporting to the designated authority about infectious diseases and injuries are:

e The infectious diseases can spread and affect the health of other workers at the farm.

e The infectious diseases can be spread to the consumers if the bacteria and viruses spread
through the produces.
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e Theinjuries should be timely reported and should be taken care of immediately. If not timely
reported it may worsen and may cause severe diseases and even death.

Fig. 9.3.2 Infectious Disease

—9.3.2 Workplace Cleanliness and Sanitization

Workplace cleanliness and sanitization are crucial for creating a safe, healthy, and productive work
environment.

Clean and sanitized workplaces not only reduce the risk of the spread of infections and illnesses but
also contribute to employee well-being and morale.

Fig. 9.3.3 Workplace Cleanliness




Here are some important aspects of workplace cleanliness and sanitization:

e Regular Cleaning Routine: Establish a regular cleaning schedule for the workplace, including
workstations, common areas, restrooms, and shared equipment. Cleaning should be done
daily or as needed, depending on the nature of the workplace.

o Surface Disinfection: Regularly disinfect frequently-touched surfaces, such as doorknobs,
light switches, keyboards, and shared equipment. Use EPA-approved disinfectants that are
effective against viruses and bacteria.

o Hand Sanitizing Stations: Place hand sanitizing stations at convenient locations throughout
the workplace to encourage employees and visitors to maintain hand hygiene.

e Restroom Hygiene: Maintain clean and well-stocked restrooms with proper sanitation
supplies. Regularly clean and disinfect restroom surfaces to prevent the spread of germs.

e Waste Management: Provide clearly marked waste disposal bins and ensure proper waste
segregation. Regularly empty trash bins and dispose of waste appropriately.

e Kitchen and Break Areas: Maintain cleanliness in kitchen and break areas by regularly cleaning
countertops, sinks, and shared appliances. Encourage employees to clean up after themselves.

e Ventilation and Air Quality: Ensure proper ventilation to improve indoor air quality. Clean air
filters regularly to remove dust and allergens from the air.

o Personal Protective Equipment (PPE): Provide appropriate PPE, such as masks and gloves, for
employees when needed, especially during pandemics or when handling hazardous materials.

e Educate Employees: Educate employees about the importance of workplace cleanliness and
hygiene practices. Encourage them to follow hygiene guidelines and protocols.

« Workplace Signage: Display hygiene-related signage, such as handwashing instructions, cough
etiquette, and reminders about cleaning protocols, to reinforce good practices.

e Cleaning and Sanitization Training: Train cleaning staff and employees responsible for
workplace cleanliness on proper cleaning and sanitization techniques and the correct use of
disinfectants.

o Workplace Wellness Initiatives: Implement workplace wellness programs that promote good
health and hygiene practices among employees.

By prioritizing workplace cleanliness and sanitization, employers can create a healthier and safer
environment for their employees, clients, and visitors. Regular cleaning and sanitation efforts help
prevent the spread of infections, reduce absenteeism, and foster a positive work culture focused on
employee well-being and productivity.

. 337 .
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—9.3.3 Implement Good Housekeeping Practices at
Construction Site

Implementing good housekeeping practices at a construction site is essential to maintain a safe,
organized, and efficient working environment. Proper housekeeping helps prevent accidents, reduces
the risk of injuries, and enhances productivity.

Here are some effective ways to promote good housekeeping practices at construction sites:

1. Designate Storage Areas: Assign specific areas for storing tools, equipment, and materials. Keep
these areas organized and ensure that items are returned to their designated places after use.

Fig. 9.3.4 Designated Areas

2. Regular Cleanup: Schedule regular cleanup sessions throughout the workday to remove debris,
waste, and hazards from the construction site. Encourage all workers to participate in keeping the
site clean.

Fig. 9.3.5 Clean-up Debris and Waste

3. Dispose of Waste Properly: Provide clearly marked waste disposal bins and containers. Train
workers to segregate waste materials correctly, including hazardous materials, to ensure safe
disposal.
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Fig. 9.3.6 Disposing of Waste

4. Keep Walkways Clear: Ensure that walkways, access routes, and emergency exits are clear of
obstructions at all times. Remove trip hazards and obstacles to prevent accidents.

Fig. 9.3.7 Clear Walkways

5. Store Flammable Materials Safely: Store flammable materials, such as fuel, solvents, and gases,
in designated storage areas away from potential ignition sources. Follow safety guidelines for their
storage and handling.
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Fig. 9.3.8 Store Flammable Safely

6. Prevent Slips, Trips, and Falls: Regularly inspect the site for slippery surfaces, loose debris, and
uneven terrain. Address potential hazards promptly to reduce the risk of slips, trips, and falls.

Fig. 9.3.9 Prevent Hazards
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7. Control Dust and Debris: Use dust control measures, such as wetting down surfaces, using dust
collectors, or providing personal protective equipment (PPE), to reduce airborne dust and debris.

Fig. 9.3.10 Wetting Down Dust

8. Proper Material Handling: Train workers on proper material handling techniques to prevent
injuries caused by lifting, carrying, or moving heavy objects.

Fig. 9.3.11 Material Handling with Safety

9. Secure Tools and Equipment: Ensure that tools and equipment are properly stored, secured, and
maintained when not in use. Avoid leaving them unattended or in precarious positions.




Fig. 9.3.12 Securing Tools & Equipment

10. Inspect and Maintain Equipment: Regularly inspect machinery, vehicles, and equipment to
identify potential issues or defects. Perform maintenance and repairs promptly to ensure their

safe operation.

Fig. 9.3.13 Inspect and Maintain Equipment

Remember that good housekeeping is an ongoing effort and requires the commitment and cooperation

of all workers and management.

By prioritizing cleanliness and organization at the construction site, you can create a safer and more

productive work environment for everyone involved.
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HOUSEKEEPING

IS THE
KEY TO
SAFETY

Fig. 9.3.14 Good Housekeeping and Safety relevance

— 9.3.4 Handwashing

Handwashing is a simple yet highly effective practice that involves cleaning one’s hands with soap and
water to remove dirt, germs, and other harmful microorganisms.

Proper handwashing is one of the most important measures to prevent the spread of infectious
diseases, including common colds, flu, gastrointestinal infections, and respiratory illnesses.

Proper Handwashing Technique:

e Wet Hands: Wet your hands with clean, running water (warm or cold).
o Apply Soap: Apply enough soap to cover all hand surfaces.

e Rub Hands Together: Rub your hands palm to palm to create lather. Continue rubbing the
backs of your hands, between your fingers, and under your nails.

e Scrub for at least 20 Seconds: Scrub your hands for at least 20 seconds. Singing “Happy Birth-
day” twice is a useful timer.

* Rinse Thoroughly: Rinse your hands thoroughly under clean, running water.

e Dry Hands: Dry your hands using a clean towel or air dry them. If possible, use a paper towel
to turn off the faucet to avoid recontamination.
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Wet your hands Apply plain soap Rub hands together

Rinse your hands Dry your hands Turn off taps with
paper towel

Fig. 9.3.15 Handwashing

When to Wash Hands:

o Before preparing or eating food

e After using the restroom

o After coughing, sneezing, or blowing your nose
e After touching surfaces in public places

o After handling garbage or waste

e  After caring for someone who is sick

» Before and after tending to wounds or injuries

Fig. 9.3.16 Wash Hands Properly
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—9.3.5 Avoid Bad Habits

Avoiding bad habits like smoking, drinking alcohol, and addiction to tobacco and gutkha is essential for
maintaining good health and well-being. These habits can have severe negative impacts on physical
health, mental health, and overall quality of life.

Fig. 9.3.17 Avoid Bad Habits

Here are some reasons to avoid these habits:
e Understand the health risks associated with smoking, drinking alcohol, and using tobacco and
gutkha.
o Seek support from family, friends, or support groups to help quit these habits.

o Replace bad habits with healthier alternatives, such as exercise, hobbies, or mindfulness prac-
tices.

e Set specific and achievable goals to gradually reduce and eliminate these habits.
e Avoid triggers or situations that may tempt you to engage in these bad habits.

e Practice stress management techniques to cope with stress without turning to harmful
substances.

o Stay informed about the benefits of quitting and the negative impacts of these habits.
e Use nicotine replacement therapies or medications to aid in quitting smoking.
e Find healthy ways to socialize and relax without relying on alcohol or tobacco.

o Celebrate small milestones and successes in your journey to quit these bad habits.
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— 9.3.6 Waste Types at Construction Sites

Construction sites generate various types of waste during the building process.

Some common types of waste found at construction sites include:

Concrete and Bricks Waste: Excess or damaged concrete, bricks, blocks, and precast elements.
Wood Waste: Includes timber offcuts, pallets, and packaging materials.

Metal Waste: Scrap metal from structural elements, reinforcement bars, and metal packaging.
Plastic Waste: Packaging materials, plastic sheets, and pipes.

Cardboard and Paper Waste: Packaging materials and documents.

Glass Waste: Broken or excess glass from windows, doors, and mirrors.

Asphalt Waste: Leftover asphalt from road or pavement construction.

©® N o U Bk~ W N

Paints and Chemicals: Unused or leftover paints, solvents, adhesives, and other construction
chemicals.

9. Electrical Waste: Old or damaged electrical components, cables, and wiring.
10. Insulation Materials: Unused or waste insulation materials.
11. Hazardous Waste: Materials containing asbestos, lead, mercury, or other hazardous substances.

12. Packaging Waste: Cardboard boxes, plastic wraps, and other packaging materials.

Fig. 9.3.18 Construction Wastes

Proper waste management and disposal methods are crucial to handle these various types of waste
responsibly and minimize theirimpact on the environment. Recycling, reusing, and responsible disposal
in designated landfills or waste treatment facilities are some of the ways to manage construction site
waste effectively.
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—9.3.7 Waste Management

The collection, disposal, monitoring, and processing of waste materials is known as waste management.
These wastes affect living beings’ health and the environment. For reducing their effects, they have to
be managed properly. The waste is usually in solid, liquid or gaseous form.

Fig. 9.3.18 Construction Wastes

The importance of waste management is:

e Waste management is important because it decreases waste’s impact on the environment, health,
and other factors. It can also assist in the reuse or recycling of resources like paper, cans, and
glass. The disposal of solid, liquid, gaseous, or dangerous substances is the example of waste
management.

e When it comes to trash management, there are numerous factors to consider, including waste
disposal, recycling, waste avoidance and reduction, and garbage transportation. Treatment of
solid and liquid wastes is part of the waste management process. It also provides a number of
recycling options for goods that aren’t classified as garbage during the process.

— 9.3.8 Methods of Waste Management

Construction waste management is crucial for reducing environmental impact and promoting
sustainable practices in the construction industry. The 5Rs framework offers a systematic approach
to managing construction waste, focusing on reducing waste generation and maximizing resource
efficiency. The 5Rs stand for: Reduce, Reuse, Recycle, Recover, and Residuals. Here’s how each of these
methods is applied in construction waste management:
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Reduce:

Design for Minimal Waste: Employ design strategies that aim to minimize waste generation
during the construction phase. This includes accurate quantity estimation, optimizing material
use, and choosing construction methods that generate less waste.

Prefabrication: Prefabrication and modular construction techniques can significantly reduce
on-site waste by producing components off-site with precise measurements and minimal ma-
terial wastage.

Waste Audits: Conduct waste audits to identify the major sources of waste and implement
measures to reduce waste generation.

Reuse:

Salvage and Reuse Materials: Salvage and reuse materials from demolition or renovation ac-
tivities that are still in good condition and can be repurposed in other projects. This includes
doors, windows, fixtures, and lumber.

Temporary Structures: Utilize temporary structures and materials that can be disassembled
and reused in other projects to reduce waste.

Recycle:

On-Site Recycling: Set up on-site recycling facilities to process construction waste, such as
concrete, wood, metal, and plastics, into reusable materials like aggregates, mulch, or recy-
cled content products.

Use Recycled Content: Incorporate recycled content materials, such as recycled concrete ag-
gregate or reclaimed wood, in new construction to reduce the demand for virgin resources.

Recover:

Energy Recovery: Some non-recyclable construction waste can be converted into energy
through waste-to-energy processes, helping to minimize landfill disposal and generate elec-
tricity or heat.

Anaerobic Digestion: Organic waste can be processed through anaerobic digestion to produce
biogas, which can be used as a renewable energy source.

Residuals Management:

Landfill Diversion: For waste that cannot be reduced, reused, recycled, or recovered, focus on
diverting it from landfills and explore alternative disposal methods that have a lower environ-
mental impact.

Responsible Disposal: Ensure that waste that ends up in landfills is disposed of responsibly,

adhering to local regulations and guidelines.
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Fig. 9.3.20 Waste Bin Types and their Colour

By implementing the 5Rs framewaork, construction companies can minimize waste generation, conserve
resources, reduce environmental pollution, and move towards a more sustainable and environmentally
friendly approach to construction waste management.

—9.3.9 Waste Management on a Construction Site

On the construction site, one must be mindful of how they handle waste and garbage. Having a plan
for managing these goods is necessary to protect the safety of both workers and the general public.
Here are some waste management strategies:

o Before disposing of them in the dumpster, place any hand tools in containers with lids.
o Place empty paint cans in the trash instead than spilling them down drains or onto pavements.

e Rinse disposable cups and other food containers before placing them in a recycling bin. This
will help prevent litter from being blown onto the property during windy or rainy weather.

e Recycle equipment and other metal objects by utilising a magnet or air compressor to remove
all non-metal components, such as nails, screws, nuts, bolts, electrical wiring, etc. These are
then segregated by category prior to proper recycling.

o Insulation should be disposed of in the garbage as opposed to being poured down drains or
onto pavements, as it can clog sewer systems.
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e Use a tarp to pile dirt, rocks, bricks, and other heavy things into the bed of a truck before
hauling them away when the work is complete. This will make future clean-up easier.

e Instead of discarding excess lumber, wrap it in plastic to prevent it from becoming wet and
infected with termites.

e Use a leak-proof container or urn to transfer hazardous liquids away for proper disposal; this
will keep the workers and others on-site dry and healthy.

e Regularly cleaning up will reduce the amount of debris.
e Using trash cans with lids to prevent rubbish from falling to the ground.

e On your site, provide workers with safety vests for simple identification and protection from
concealed threats such as electrical cables and sharp instruments.

e Ensurethatthereisadesignated space for recyclable materials such as glass, plastic, cardboard,
and metal containers so that they may be sorted later.
It is necessary to have a plan for waste management on construction sites, which are typically untidy
places.

Fig. 9.3.21 Waste Management on a Construction Site
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Unit 9.4: Infectious Disease and Its Cure

— Unit Objectives |©

At the end of this unit, you will be able to:

1. Know different types of infectious disease that can spread/ originate at a construction site
2. Understand the ways of transmission of the various infectious disease.

3. Recognize the methods to check the spread of the infectious disease.

4. Understand the symptoms and cure of the various infectious disease.
5

Apprehend the procedure to report to the concerned authority regarding the outbreak/ hazard of
any infectious disease/ pandemic.

—9.4.1 Infectious Diseases

Fig. 9.3.21 Waste Management on a Construction Site

Viruses, bacteria, parasites, or fungi can cause infectious diseases. Additionally, uncommon viral
disorders known as transmissible spongiform encephalopathies exist (TSEs).

e Viral infections

e Bacterial infections
e Fungal infections

e Parasitic infections

e Transmissible spongiform encephalopathies (TSEs/prion diseases)
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Infectious diseases are extremely common worldwide, but some are more common than others.
Some of the most common infectious diseases are listed here by type.
Common infectious diseases caused by viruses:
e Common cold.
e The flu (influenza).
e« COVID-19.
e Stomach flu (gastroenteritis).
e Hepatitis.
e Respiratory syncytial virus (RSV).
Common infectious diseases caused by bacteria:
e Strep throat.
e Salmonella.
e Tuberculosis.
e Whooping cough (pertussis).
e Chlamydia, gonorrhea and other sexually transmitted infections (STls).
e Urinary tract infections (UTIs).
e E.coli.
e Clostridioides difficile (C. diff).
Common infectious diseases caused by fungi:
e Ringworm (like athlete’s foot).
e Fungal nail infections.
e Vaginal candidiasis (vaginal yeast infection).
e Thrush.
Common infectious diseases caused by parasites:
e Giardiasis.
e Toxoplasmosis.
e Hookworms.

¢ Pinworms.

— 9.4.2 Prevention of Infectious Diseases

There are numerous simple strategies to minimise the chance of contracting an infectious disease
and even prevent certain diseases entirely. While each of them reduces your chance of contracting
and transmitting infectious diseases, there is typically no single method that is 100 percent effective.




Therefore, it is essential to have several risk-reduction behaviours.

Fig. 9.4.2 Vaccines for Infectious Diseases

Vaccines

Vaccines lessen the likelihood of contracting an infectious disease by preparing the immune system to
recognise and combat dangerous invaders.

Vaccinated individuals may occasionally still get anillness, although their symptoms are typically milder
than they would have been without vaccination.

Vaccines are available for a number of common infectious diseases, such as:
e Chickenpox: Highly contagious viral infection causing itchy skin rash and fever.

e COVID-19: Respiratory illness caused by the novel coronavirus, leading to a wide range of
symptoms from mild to severe.

o Diphtheria, tetanus, and whooping cough (whooping cough): Bacterial infections with
symptoms like severe throat inflammation, muscle stiffness, and persistent cough.

o Hepatitis A: Liver infection caused by the hepatitis A virus, transmitted through contaminated
food and water.

o Hepatitis B: Viral infection affecting the liver, transmitted through blood and body fluids,
leading to acute or chronic liver disease.

e Human papillomavirus (HPV): Common sexually transmitted infection, linked to cervical and
other cancers.

e Influenza: Viral respiratory infection causing fever, body aches, and respiratory symptoms.

e Malaria: Mosquito-borne infectious disease characterized by fever, chills, and flu-like
symptoms.

e Rubella, measles, and rubella: Viral infections causing rashes, fever, and respiratory symptoms,
with potential complications.

e Polio: Highly contagious viral infection affecting the nervous system, leading to paralysis in




severe cases.

e Rotavirus: Common cause of severe diarrhea in young children.
» Rabies: Deadly viral disease affecting the nervous system, transmitted through animal bites.
e Shingles: Painful viral rash caused by the reactivation of the chickenpox virus.

e Tuberculosis: Bacterial infection primarily affecting the lungs, causing persistent cough and
fatigue.

The CDC provides current vaccination recommendations for children, adolescents, and adults. Before
you travel, ensure that you have had all of the necessary vaccines for your location.

Other methods of infectious illness prevention:

In addition to immunisations and appropriate food handling procedures, you can lower your risk of
contracting or transmitting an infectious disease by a few common actions.

e Hands should be washed with soap and water. Before making a meal or eating, after using the
restroom, after contact with faeces (human or animal), and after gardening or dealing with
dirt, it is essential to wash hands thoroughly.

 When you sneeze or cough, cover your nose and mouth.

e Sanitize regularly touched surfaces in your home and place of business.

e Avoid contact with infectiously ill individuals and the exchange of personal goods with them.
e While suffering from an infectious ailment, you should avoid contact with others.

e Do not drink or swim in potentially contaminated water.

e When sick or as recommended by the CDC, you should wear a mask in public.

e Always use a condom during sexual activity.

e To limit the risk of tick or mosquito bites, apply tick- and mosquito-approved insect repellent,
cover as much exposed skin as possible with clothing, and check for ticks after spending time
in wooded or grassy areas.

Fig. 9.4.2 Vaccines for Infectious Diseases
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— 9.4.3 General Health Issues and their Symptoms & Cure

General health issues like fever, cough, and cold can affect construction workers, especially when
working in diverse weather conditions and exposed to various environmental factors.

Fig. 9.4.4 Symptoms of Fever, Cough and Cold

Here are their symptoms and some recommendations on what construction workers can do to manage
these health issues:

e Fever:
¢+ Symptoms: Elevated body temperature, chills, body aches, fatigue.
¢ To-Do:
e Rest and avoid strenuous physical activity.
e Stay hydrated by drinking plenty of fluids.
e Use over-the-counter fever-reducing medications if necessary.
e Seek medical attention if the fever persists or becomes severe.
¢ Cough:
¢ Symptoms: Persistent coughing, irritation in the throat, chest discomfort.
¢ To-Do:
e Avoid exposure to irritants like dust and fumes as much as possible.
e Stay well-hydrated to soothe the throat.
o Use a mask or respirator to protect the airways from particles and pollutants.
e Seek medical advice if the cough worsens or is accompanied by other symptoms.
e Cold:
¢+ Symptoms: Runny or stuffy nose, sneezing, sore throat, mild body aches.

¢ To-Do:
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e Rest and take sufficient breaks to recover.
e Keep warm and dress appropriately for the weather.
e Drink warm fluids like soups and herbal teas.
e Use over-the-counter cold remedies to alleviate symptoms.
General Health Tips for Construction Workers:
e Stay hydrated throughout the day, especially in hot weather.
e Wear appropriate protective gear such as safety shoes, gloves, and helmets.
o Take regular breaks and rest when needed to prevent fatigue.
e Practice proper hand hygiene to reduce the risk of infections.
e Use masks or respirators when working in dusty or polluted environments.
o Eat a balanced diet to maintain overall health and immunity.
e Get regular medical check-ups and vaccinations as recommended.

It’s important for construction workers to prioritize their health and safety, as their job often involves
physical exertion and exposure to potential health hazards. If any health issue persists or worsens, it is
advisable for them to seek medical attention promptly.

— 9.4.4 Reporting an Outbreak or Hazard of any Infectious
Disease or Pandemic

Reporting an outbreak or hazard of any infectious disease or pandemic is crucial for prompt action
and preventing further spread of the illness. The specific reporting procedure may vary based on the
organization, industry, or country. Here’s a general procedure to report such incidents to the concerned
authority:

Fig. 9.4.2 Vaccines for Infectious Diseases
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» ldentify the signs and symptoms of the infectious disease or pandemic hazard.

» Isolate affected individuals to prevent further spread.

e Inform immediate supervisors or managers about the situation promptly.

e Contact the appropriate health authorities or public health department.

e Cooperate with contact tracing efforts and provide necessary information.

e Implement preventive measures recommended by health authorities.

e Communicate updates and preventive measures to employees to maintain transparency.
Remember that reporting an outbreak or hazard of any infectious disease or pandemic promptly is

essential for quick containment and mitigation. Cooperate with healthcare professionals, follow their
advice, and work together to protect the health and safety of your community and workplace.
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— Exercise (Bl

Answer the following questions:

A. Short Questions:

1.

N

vk

What are the reporting procedures for breaches or hazards at the construction site as per
guidelines?

Can you identify different types of safety hazards commonly found at construction sites?

How would you demonstrate following emergency and evacuation procedures in the case of
an accident or fire?

What are basic ergonomic principles and how are they applicable to construction work?

What steps should you take in responding to accidents and other emergencies at the
construction site?

B. Fill-in-the-Blanks Questions:

1.

w

A

Proper handling of tools, equipment, and materials is essential as per ............. (project schedule
/ applicable norms).

Different types of fire extinguishers correspond to various types of ... (weather
conditions / fires).

Using hazardous materials safely involves following ................... (project deadlines / standard
guidelines).
Proper ............... (cleaning / disposal) methods are important to manage construction waste.

Personal Protective Equipment (PPE) includes items like head protection, ear protection, and
...................... (sunglasses / fall protection).

C. True/False Questions:

1.
2.

Accidents and hazards don’t need to be reported if they result in minor injuries. (True/False)

Ergonomic principles focus on optimizing workspaces and equipment for worker comfort and
safety. (True/False)

All types of fire extinguishers can be used interchangeably on different types of fires. (True/
False)

Using Personal Protective Equipment (PPE) is not necessary if you’re experienced in
construction work. (True/False)

Proper cleaning and disinfection of materials, tools, and supplies is not important in
construction work. (True/False)
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10. Employability
Skills (60 Hours)

Itis recommended that all trainings include the appropriate Employability
skills Module. Content for the same can be accessed

https://www.skillindiadigital.gov.in/content/list

(DGT/VSQ/N0102)


https://www.skillindiadigital.gov.in/content/list
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11. Annexure

Annexure | - QR Codes - Video Links
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Annexure of QR Codes for Bar Bender and Steel Fixer

Chapter Unit Name Video
Name . Duration
Chapter 1: In- [ UNIT 1.1: Overview of | https://youtu.be/ 14 0:13:24
troduction of | Construction | Construction | yhjDhav4Pfw
Construction | Industry in Sector in
Sector and India India
Job Role
Overview of Construc-
tion Sector in India
UNIT 1.2: Responsibil- | https://youtu.be/ 24 0:03:00
About Bar ities of Bar CVCsC8rLuy4
Bending & Bender and
Steel Fixing Steel Fixer
Occupation
Responsibilities of Bar
Bender and Steel Fixer
Chapter Unit 2.1 — Unit [ Different https://youtu.be/ 31 0:17:17

2: Generic Conversion System of Hlxo5UVIKVo
Mathematical | and Measure- | Measure-

45

Skills ment ment
Different System of
Measurement
Unit 2.2 —Ba- | Area, vol- https://youtu.be/ 39 0:16:16
sic Geomet- ume and OhTubw4C0to

rical Shapes perimeter of
and its Prop- | geometrical

erties shapes
Area, volume and pe-
rimeter of geometrical
shapes
Unit 2.3 —Py- | Pythagoras | https://youtu.be/ 43 0:02:54

thagoras The- | Theorem 143fefJ376c
oremandits | Application
Application

Pythagoras Theorem
Application



https://youtu.be/yhjDhav4Pfw
https://youtu.be/yhjDhav4Pfw
https://youtu.be/CVCsC8rLuy4
https://youtu.be/CVCsC8rLuy4
https://youtu.be/H1xo5UVJKVo
https://youtu.be/H1xo5UVJKVo
https://youtu.be/OhTubw4C0to
https://youtu.be/OhTubw4C0to
https://youtu.be/l43fgfJ376c
https://youtu.be/l43fgfJ376c
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N —
| mesesman

Unit 2.4 — Ba- | Practical https://youtu.be/ 47 0:07:58
sic Trigonom- | Geometry BIsnSGN4pfE
etry and Trigo-
nometry in
Construction
Practical Geometry and
Trigonometry in Con-
struction
Chapter Unit3.1- BBS Basic https://youtu.be/ 73 0:16:46
3: Read Bar Bending Concept X8sE2kR-kBI
Drawings / Drawings
Sketches and
Bar Bending
Schedule
(BBS)
Unit 3.2 — Bar Bending | https://youtu.be/ 88 0:21:54
Bar Bending schedule 7GID7coCF0Q
Schedule
(BBS)
Chapter 4: Us- | Unit 4.1 — Re- | Types, https://youtu.be/ 99 0:06:40
ing Hand and | inforcement Grades, and 1QbKYg-DN8s
Power Tools Bars Diameters
for Cutting of Reinforce-
and Bending ment Bars
of Reinforce-
ment
Types, Grades, and
Diameters of Reinforce-
ment Bars
Unit 4.2 — Hand and https://youtu.be/ 118 0:11:30
Tools and Power Tools | NIh1CX w880 E = E
Machines re- b
quired N .-:Il;.l-i =
. E M-

-E ] 1 iy
4=

Hand and Power Tools



https://youtu.be/BIsnSGN4pfE
https://youtu.be/BIsnSGN4pfE
https://youtu.be/X8sE2kR-kBI
https://youtu.be/X8sE2kR-kBI
https://youtu.be/zGJD7coCF0Q
https://youtu.be/zGJD7coCF0Q
https://youtu.be/lQbKYg-DN8s
https://youtu.be/lQbKYg-DN8s
https://youtu.be/Nlh1CXfw880
https://youtu.be/Nlh1CXfw880
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Unit 4.3 —Re- | How to Cut | https://youtu.be/ 138 0:05:02
inforcement and Bend HEbhSDeJq20
Cutting and Rebar
Bending
How to Cut and Bend
Rebar
Unit 4.4 — Storage and | https://youtu.be/ 151 - 0:05:20
Storage and Stacking of | WAIPWwo6Re2E EI:#EE
Handling of Reinforce- P
Bars ment Bars
[=] e
Storage and Stacking of
Reinforcement Bars
Chapter 5: Unit 5.1: Un- | Different https://youtu.be/ 178 0:06:45
Prepare Re- derstanding Types of Ties | IILNOmp3olA
inforcement Reinforce- Used in Re-
Components | ment Bars inforcement
for Cage/ Work
Mesh Fabri-
cation of the Different T -
ITrerent lypes ot lies
R.C.CStruc- Used in Reinforcement
tures Work
Unit 5.2: Fea- | One Way https://youtu.be/ 185 0:04:15
tures of Re- and Two tIZP-tX9b3Y
inforcement Way Slabs
and Interpre-
tation
One Way and Two Way
Slabs
Unit 5.3: Re- | Steel Cage https://youtu.be/ 202 0:03:04
inforcement | Fabrication | Rcoc7FV50uA E E
Preparation for Piles HL
and Handling
[=] g
Steel Cage Fabrication
for Piles
Chapter 6: Unit 6.1: In- Tools used https://youtu. 211 0:03:25
Fixing Rein- terpretation for Tying be/34mtpno_3pE
forcement and Classifi- Rebar
Components | cation of Re-
to Fabricate inforcement E
Cage/ Mesh Components =
for the R.C.C Tools used for Tying
Structures Rebar



https://youtu.be/HEbhSDeJq20
https://youtu.be/HEbhSDeJq20
https://youtu.be/WA1PWw6Re2E
https://youtu.be/WA1PWw6Re2E
https://youtu.be/ldLNOmp3olA
https://youtu.be/ldLNOmp3olA
https://youtu.be/tIZP-tX9b3Y
https://youtu.be/tIZP-tX9b3Y
https://youtu.be/Rcoc7FV50uA
https://youtu.be/Rcoc7FV50uA
https://youtu.be/34mtpno_3pE
https://youtu.be/34mtpno_3pE
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Unit 6.2: Chair Bar in | https://youtu.be/ 220 0:04:39
Fixing Rein- Construction | cJO1WsSoKnA
forcement Work
Components
and Cage Fab-
rication
Chair Bar in Construc-
tion Work

Unit 6.3: Shift- | Bar bending | https://youtu.be/ 231 0:05:57
ing, Position- [ schedule of |1UJ krF36Cc
ing, and Final | single mesh
Fixing isolated

footing

Bar bending schedule
of single mesh isolated
footing



https://youtu.be/cJ01WsSoKnA
https://youtu.be/cJ01WsSoKnA
https://youtu.be/lUJ_krF36Cc
https://youtu.be/lUJ_krF36Cc
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