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CHAPTER 1
COMPANY PROFILE

1.1 About Agrima Roof and Facade System

In the year 1985, a small team of young Engineers fresh from Civil Engineering
Graduation. Started executing Civil and Mechanical work at Nuclear Reactor
Installation in Kaiga, India. The team climbed in work and scope over the years.
The team added critical and complex works such as Reactivity Mechanism, End
Shield Installations, Heavy water plant, nuclear piping, etc. expanding the learning
curve continuously. Consistently winning safety awards for seven times is one
proof of the excellent track record maintained by the team.

The company was named “AGRIMA ROOF AND FACADE SYSTEMS” in
the year 2012 and took an initiation of sustainable building materials in
construction andalso executed export projects at Maldives and Bangladesh. Agrima
got affiliated with Palram, Israel in the year 2016. Pure engineering and construction
company with well-established divisions in mechanical, pre-engineered buildings,
and fabrications. Promoted by engineers with two decades of experience. Having
offices in Bangalore, Hyderabad and Hong Kong.

More than 250 works completed in remote and project areas in India.

1.2 Services

1) Pre-Engineered building
2) Kingspan—Ireland
i) Standing Seam Roofing System — Aluminium
ii) Facade System - Aluminium
3) Palram system —Israel
i) poly house and flat
i) skylight
i) Multiwall Polycarbonate Standing seam roofing & Facade system
iv) Solid Polycarbonate Standing-Seam Architectural System
v) Multi-layered PVC sheet
4) Kalzip Roofing and Facade system
5) Nuclear works
6) Lysaght - Tata
i)  Galvalume Roof & FacadeTrimdek
ii) Klip-Lok System
iii) Flex-Lok System
iv) MR-24 System
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CHAPTER 2

PRE-ENGINEERING BUILDING

2.1 Introduction

Technological improvement over the years has contributed immensely to the
enhancement of the quality of life through various new products and services
.Technology can be utilized which has the potential totransform civil construction
practices across the country.

Pre-engineered buildings are metal enclosure buildings that contain factory mode
structural frames, roof and wall support. The complete design of such buildings is
created at a factory and the pre-engineered building components are brought to the
site and installed. Pre-engineered buildings is designed by a pre-engineered
building supplier or pre-engineered building manufacturer with single design to be
fabricated using various material and methods to satisfy a wide range of structure
and aesthetic design requirments.This is constructed with a buildings built to
design that was created specifically for that building with in some geographic
industry sectors pre-engineered buildings are also called pre-engineered metal
buildings as is becoming increasingly common due to the reduced amount of pre-
engineering involves in custom computer— aided designs simply engineered metal
buildings the I-beams are then field assembled to form the entire from of the pre-
engineered building some manufacturers taper the forming member according to
the local loadings effects larger plate dimensions are used in areas of higher load
effects.

Advantages of pre-engineered buildings

Time saving:-It takes less time to complete pre-engineered buildings and
projects can deliver on time.

Cost effective solution:-As most of the ports of pre-engineered buildings are
manufactured at a factory they save you lots of money.

Low maintenance and highly durable:-The steel does not crack; wrap the
construction required zero maintenance.

Customized solution:-You can design the pre-engineered buildings structureas
per your needs and requirements and the space available at the site.

Eco friendly:-Most importantly these structures are eco-friendly as the material
used in the construction can be recycled and reused considering environment
safety concerns.

Less expensive because of the design manufacturing and on site erection cost
saving. Since all of these pre-fabricated and skilled labours are used to connect the
various components quick assembly is possible
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Dis-advantages of pre-engineered buildings

1. Eco system in India is yet to develop.
Non-standard buildings are difficult to implement.
Complex machines and technique required
Complex software required.

wobk v

Modifications are not possible.

Application s of the pre-engineered buildings
1. Warehouse

Factories

Gas stations

Metro stations

Railway station

A

Outdoor stadium etc.......

2.2 Materials

Fabrication is defined as the process of manufacturing, assembly and joining
different components to form complex structures. The structure generally uses
readily available standard sections which are manufactured from steel used in
fabrication is selected from a range of alloys of iron and corban with addition of
small quantity of silica .these various alloys of steel are tensile strength.
Important to select the suitable material depending upon the condition of service
as per the function requirement .The availability of the material at siteis also an
important conditions. Structure steel is produced in wide range of shapes and
grades which permits maximum flexibility of design steel is relatively
inexpensive most versatile and economic material available to fabrication.

Steel as a construction material

Steel as a basic raw material for construction has been receiving attention all
over the world. The effects are being made to achieve maximum economy in its
utilization. Structure steel is widely used in various types of industrial structure
such as building, framework, railway and highway bridges, tower construction
special structure such as storage tanks, gas holders, bunkers, technologies
structure, like blast furniture’s stoves.

Merits of steel

Steel is mainly used for the construction due to its high strength properties and
ability to resist more loads and comparatively lighter weight. Steel as a
construction material gives long services life, higher gas and water tightness
case for fabrication; assembly erection alteration and modification up to a
greater extent are possible on steel structure construction required at later date.
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Classification of steel material
1. Shaped products
2. Flat products
3. Track material
4. Special items for steel structure construction in industry
The steel sections generally used are angle, channels, beam plates, roils,
galvanized sheets, tubes and pipes.

Sankey diagram for steel

Fig.1 Sankey diagram of steel

The steel map shown that two-third of the worlds steel is made from mined oreand
one-third from recycled scrap one-fifth from manufacturing and fabrication and
two fifth from end life productions and buildings the dominant production routes
for steel made from ore is the basic oxygen furnace and from scrap is the electric
arc furnace although these is one same interchange between the two more than
99% of the worlds steel rolled after casting and the resting stock products are
approximately one tenth plate for tenth strip four tenth ,rod and bar and one tenth
section ,half of the words steel is used in construction of which one third is
reinforcing steel most steel used in vehicle manufacture is from cold rolled coil or
from casting.

Sustainability of pre-engineered buildings (PEBs)

Pre-engineered buildings are considered sustainable because they have a lower
environmental impact than traditional brick and stone construction. Pre- engineered
buildings are built using sustainable materials like recycled steel and composite
material made from recycled plastic. Pre-engineered buildings are designed to
optimize material used which also limits any waste production, their production
process results in low carbon footprint when compared to traditional building.
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Components of pre-engineered buildings (PEBs)

Pre-engineered buildings (PEBs) are metal buildings that can be adopted tosuit a
wide range of structural application. They are supplied as a fully finished produced
along with steel structure, building accessories and roof cladding. They required
on site fabrication or welding.

Puriin
Optional Rigid Frame Endwall (For future Expansion)
Roof System
Roof Beam
Interior Column
Fascia System

Sidewal Canopy
< Sidewall Gin
Straight Column (Intermediate Frame)
Tapered Column (Intermediate Frame)
Sidewall Overhang
Endwall Overhang
Endwall Roof Beam Side Wall GI!-"nt‘le g T
Endwall Git Enavian Gt
Endwall Post Main Frame Coumn
Wall System

Pre-engineered Building System

Fig.2 Components of pre-engineered buildings

Primary Frame:-Primary frames consist of trusses, column or castellated
beams etc. These are built up of I-sections steel members all the load of
structure members passes to the base and consist of endwall frames. These end
wall frame are either designed with rigid frames or with economic bearing
frame. These frames are reinforced with wind bracing and connecting bolts,
sometimes with anchor bolts.

Secondary elements:-Are cold-framed structural members available in different
shape like C, Z etc.. Commonly known as “purling” for overall structure
stability these purines transfer force from one frameto another.

Roofs and wall panels:-Some of the pre-engineering building components like
roofs and wall panels come in tin shades and curtainwalls mode of glass and roll
framed steel sheets some special roofing sheets are used to minimize energy
usage.

Sandwich panels:-These panels are made in this layer where one non-aluminum
layer is placed in between two aluminum sheet. Some other components of
sandwich panels are bolted insulation, mezzanine floors, skylight flashlight, cage
ladder, cable trays ducts, cranes etc..

Foundation and floors system:-Made up of conventional concrete system
usually called as open foundations system.

Main frame Or vertical columns:-The mainframe includes the steel rigid
frames of the building.

End wall frames:-This is designed as a main rigid frame.

Purlins, grits and eave structure:-These are the secondary cold- frames
members of the components of the pre-engineered buildings.

DEPARTMENT OF CIVIL ENGINEERING, AIET, MILAR. Page 5
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Design requirements

The structure design is an art and science of designing with the elegance and
economy, safe serviceable and structure, internal all structures are designed to
safety certain basic structure and functional requirements.

Structural design requirements

Strength
Stability
Safety
Durability
Serviceability
6. Economy
The designed structure should be strong enough to with stand all types of loads
coming without excessive deformations or deflection and shouldbe stable under
largest stipulated loads.

i wbhre

The entire process of the structure planning and design requires

Not only imagination and concepts thinking but also sound knowledge ofscience
of structural engineering knowledge of practice aspects such as relevant design
codes and lows backed up by ample experience intuition and judgment.

In order to accurate design a pre-engineered building ,engineers considers the
clear span between bearing points, boys spacing roof slope, live loads dead
collateral loads wind uplift, deflection criteria, internal crane system and
maximum practical size and weight of fabricated members.

When design a pre-engineered building (PEBs), engineers should
consider many factors. Such as
1. Building dimensions length, width and height.
Clear span:-Distance between bearing points.
Bay spacing:-Distance between bays.
Roof slope:-Angle of the roof.

“ihs W

Loads:-Live loads on the roof and frames, dead loads, wind load and
earthquake zone.

o

Internal crane system:-Whether there is an internal crane system.

N

Foundation:-Composition of the footing plate, footing brace footing.

Column with reinforced concrete and blots.

8. Fire exits and safety:-Whether the area is prone to wild fires.

9. End bay length:-Distance from the outside of the outer flange of endwall
column to the center line of the first interior from column’s.

10. Interior bay length:-Distance between the center line’s two adjacent

interior main frame columns.
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Structural welding code:-Steel structure simple span beam shall be span
/240 and steel structure for cantilever span beam shall be span/120.

Basis of design

1. Design objective:-The objective of design’s the achievement of an acceptable
probability that structure will perform satisfactorily for the intended purpose
during the design life with an appropriate degree of safety they should sustain
all the load’s and deformation’s.

2. Methods of design:-Structure and its elements shall normally, be design by
the limit state methods .Account should be taken of accepted theories,
experimented information and experience and theneed to design for durability.

3. Design process:-Structural design including design for durability construction
and use should be considered as a whole. The realizationof design objectives
required complaisance with clearly designed standard for material’s,
fabrication, erection and in service maintenance.

4. Design requirement’s:-The structural should design is an art and science of
designing with the elegance and economy, safe serviceable and adorable
structure ,Ingeneral all structures are design to safety certain basic structural
andfunctional requirement’s.

Various steps in structure design
1. Structure planning
2. Estimation of loads
3. Analysis of structure
4. Member design
5. Drawing detailing and preparation of schedules.

Member design:-All the member are designed manually /using softwareaccording
to IS code using analysis results from STAAD-PRO. Drawingand detailing is done
in auto cad.

2.3 Introduction to stability

The stability of a pre-engineered building depends on various factors such as the
design, construction materials foundation and environmental conditions pre-
engineered buildings are typically designedand fabricated to meet specific structure
requirements and their stabilityis often ensured through rigorous engineering and
quality process.

The use of high quality steel and other construction materials along with precise
engineering calculation, helps to ensure the stability and durability of pre-
engineered buildings additionally the proper installationof the building components
and adherence to building codes and regulation are crucial for maintaining stability

DEPARTMENT OF CIVIL ENGINEERING, AIET, MILAR. Page 7
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environmental factors such as wind, snow, seismic activity and soil conditions also
play a significant role in the stability of pre-engineered buildings.

The design and construction of these building must take into account these factors
to ensure that they can withstand the forces and loads imposed on them.Regular
maintenance and inspection are also imposed for

Ensuring the an going stability of pre-engineered buildings this Includes checking
for any signs of structure detritions addressing Any issues promptly and making
any necessary repair or Reinforcement

Stability:-Vertical support for the whole building is provided by mainframe. It also
provides lateral stability for the building in its

Direction while lateral stability in other direction is achieved by a bracingsystem.
The capability of a structure system to transmit various loadings safety to the
ground.

Designer have kept structure in equilibrium
XH=0

V=0

XM=0

Stability of the structure involves 2nd grder deflection.

Fundamentals of stabilities

Forces follows stiffness

Basis of every structure analysis
Compatibility

Displacement must be in argument
Forces to displacement
Serviceability and ultimate stress

N sWN e

Bare of steel structure

Two fundamental concepts

1. Stiffness in series — avoided

2. Stiffness in parallel — ok

Stability analysis is a method used to predict the behavior of dynamicsystem.

What are stability analysis (as per the AISE)

1. You must include deformation
2. 5mm deflection is ignored

3. Must be equilibrium
4

. Loss of stiffness
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Geometric effect
1. Screep
2. Camber
Material effects
1. Variation in cross sectional area

2. Crystalline structure
3. Strain harder

Preferment based design
1. It ignores code based design

2. Increase complexity of code

3. Increases compitation

DEPARTMENT OF CIVIL ENGINEERING, AIET, MILAR. Page 9
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CHAPTER 3

TOLERANCE AND BRACING

Tolerance:-Is defining as acceptable range of deviation from the desired
measurement without causing the product to fail. Creating tolerance when
designing and manufacturing products is incredible important safety equipment
like seatbelt car brakes and airplane wings tends to have a remarkable low
tolerance.

Tolerance in engineering is the allowable wvariation range frame the desired
measurement without causing a product to be defective.

Tolerance for any part of the structure the structure should not be out ofplumb
more than 3.5mm on each 10mm section of height ant not more than 7.0mm per
30 meter section.

The tolerance specified in this standard do not apply to steel structure where the
deviation from true position are intimately linked with and direct influenced on
erected steel structure shall be as per recommendations of process technologists the
tolerance on deviation inthe erected steel structure from the true position shall not
exceed the valued.

Bracing:-Bracing is structural element that provides lateral stability and resists
forces that act perpendicular to the plane of a structure without proper bracing ,a
steel structure is vulnerable to collapse without forces of wind ,earth quakes or
other external factors. The pre-engineered buildings is analyzed for both lateral
forces acting together on a same structure six different types of bracings are
provided for lateral stiffness (including tie-runner) bracing used are inverted v-
bracing, v-bracing, diagonal bracing, k-bracing, x-bracing and tie-runner.

1. Inverted v-bracing:-Is a type of bracing that provides diagonal
supports in one direction it is also known as chevron bracing.

2. Inverted v-bracing:-The two members meet at a center point on theupper
horizontal member.

3. X-bracing provides diagonal support in two directions.

4. K-bracing resembles the latter k and can be mounted vertically or
horizontally it increases lateral and vertical force resistance.

5. Steel concentrically braced frame are frequently used as efficient
lateral load resisting system to resist earth quack and wind loads

6. Horizontal bracing:-The bracing at each floor (in horizontal planes)
provides load paths for the transference of horizontal forces to the planes
of vertical bracing, horizontal bracing is needed at each floorleave.

DEPARTMENT OF CIVIL ENGINEERING, AIET, MILAR. Page 10



INTERNSHIP 2023-2024

Temporary Bracing

1. Structural steel frames require temporary bracing duringconstruction
2. Temporary bracing is placed before plumbing up the structuralframe

3. This gives the structure temporary lateral stability
4. Temporary bracing is removed by the erector.

5. In a braced frame, temporary bracing is removed after final bolt-up is
complete and the permanent bracing system is in place

6. In a rigid frame, temporary bracing is removed after final bolt-up is
complete.

Fig.3 Chevron bracing

Chevron Bracing

I. The members used in Chevron bracing are designed for both
tension and compression forces.

2. Chevron bracing allows for doorways or corridors through the
bracing lines in a structure.

3. A multi-floor frame elevation using Chevron bracing is shown
above.

4. Chevron bracing members use two types of connections.

5. The floor level connection may use a gusset plate much like the
connection on X braced frames.
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CHAPTER 4

INTRODUCTION TO CONNECTION

Connection in steel structure are crucial element in the structure steel building
steel connections include parts such as nails, bolts and welding which serve to
connect two or more steel components they can also be used to join steel building
to other types of construction they can also a brick or concrete blocks the load
bearing capacity and strength of steel connections depends on the installation
method proper installation is crucial factor in ensuring that the connections
functions effectively.

There are three most common types of connections in steel structure welding
connections; bolted connections and riveted connection among them riveted
connections are used less frequently due to different in disassembly.

There are three main type of connection

1. Welded connection
2. Bolted connection
3. Riveted connection

Welded connection:-Welding is most common used method in the production
of steel structure this method utilized heat (through flame orelectric arc )to locally
heat the metal at the contact point until it melts and gradually bents after cooling
this metal part will slowly solidified forming the weld.

Bolt connection:- Bolt connection in steel structure have been popular for a
large time this type of connections is established by fastening two components
together using bolts and heavy-duty nuts .Bolts connections can be easily
assembled or disassembled ,which greatly facilitates regular inspection and
maintenance they can be applied to components subjected to tension, shear or even
both.

Riveted connection:-Riveted connection are similar to bolted connections in
that both use a type of components to join various elements together this technique
involves placing rivets the end of therivet to ensure the components remain intact
however riveted connections rather old method and less common used in practical
applications this days.
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Steel Connection Types

The Specification for Structural Steel Buildings (AISC 2005) defines twotypes of
connections:

1. Simple Connections (above left)
2. Moment Connections (above right)

3. Fully-Restrained and Partially-Restrained

Simple Connections

Fig.4 Simple connection
1. Designed as flexible connections
2. Connections are assumed to be free to rotate

3. Vertical shear forces are the primary forces transferred by the
connection

4. Require a separate bracing system for lateral stability

5. The following few slides show some common simple framing
connections.

Moment Connections

Fig.5 Moment connection
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1. Designed as rigid connections which allow little or no rotation
a. Used in rigid frames

2. Moment and vertical shear forces are transferred through the
connection

3. Two types of moment connections are permitted:

a. Fully-Res trained

b. Partially-Restrained

Fig.6 Fully restrained connection Fig.7 Partially restrained connection

1. Have sufficient strength to transfer moment with negligible rotation between
connected members.

2. The angle between connected members is maintained.

3. Have sufficient strength to transfer moments but the rotationbetween connected
members is not negligible.

4. The angle between connected members may change.

Types of weld joints

The purpose of welding joints is to join parts together so that stresses are
distributed the forces causing stress in welded joints are tensile, compression,
bending, torsion and shear.

Butt joint or Butt weld:-Is a joint where two pieces of metal are placedtogether in a
same plane and the side of each metal is joined by welding butt weld is the most
common type of joint that is used in the fabrication of structures and piping
systems Its fairly simple to prepare and there are many different variation that
can be applied to achieve thedesire resect.
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Lap joint:-Lap welding joints are essentially a modified version of the butt joint
they are framed when two pieces of metal are placed in an overlapping pattern on top
of each other they are most commonly used to joint two pieces with differing
thicknesses together welds can made onone or both side.

4.1 Fabrication and erection

Fabrication through welding

The fabrication process includes design and engineering, as well as detailing and
manufacturing at the factory. All steel components are fabricated at the factory and
linked by bolts at the site. So the erection process is fast, step by step, easy to
install and requires simple equipment.

Twelve principles of welded connection design:-

1. A good welded connection is properly sized

a. Big enough
b. But not larger than necessary

c. Otherwise
d. Increase in distortion
Increase in construction
cost
e. Increase in cracking and tearing tendencies.

2.A good weld connection uses proper weld type
Fillets> PJP>CJP

a. PJP: partial joint penetration
b. CJP: complete joint penetration

3.A good welded connection is preferably evenly loaded.

4.A good welded connection accounts for uneven stress distributionwhen
someone.

5. but not all of the elements are connected

6. Shear leg: Is a concept used to account for the uneven stress distributionin
connected members when same but not all of their elements (flange, web,
leg, etc...) are connected.

7. A good welded connection account for non-uniformity of load transferalong
the line of weld due to differences in relative stiffness of has walls.

DEPARTMENT OF CIVIL ENGINEERING, AIET, MILAR. Page 15
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8. A good welded connection has protected roots.

9. A good welded connection has terminations that have been properlydetailed.
10. A good welded connection does not introduce stress raisers.

11. A good welded connection accounts for material properties.

12. A good welded connection accounts for commercial reality.

13. A good welded connection accounts for safe and economical joint.

14. A good welded connection allows the welder to see the puddle.

“Good workmanship and good design details incorporating joining
geometry that avoids severe stress concentrations are generally the most
effective means of provides fracture resistant construction™.

Erection through bolts

1. Lifting and placing: Components are lifted and placed into position.

2. Connecting: Components are connected together. This is usuallydone
by bolting, but sometimes site welding is used.

3. Aligning: Components are positioned and aligned on prepared
foundations.

4. Securing: Components are secured to form a complete frame.

Bolting basics
Understanding the Curve

Elastic 4 Plastic Range -
-4 Range Elongation Undl Failure
Cltrmace Tensle Strength

e Y icld Pone S Failure

(Fracture Point or Tensile Poine
S Proof Load

Seress Typrcatty wS-5me of ¥ietis
(Tension/Load) € Typical Clamp Losd
(75% of Proof Load

T T L} T T T 1
Serain (Stretch & Elongation) —————3
Tensile Stress-Strain Diagram

Fig.8 Stress-strain diagram of bolt

. Nuts should be strength then bolts.
. The most bolt threads in the grip the better worry more about
shank-out than stick-out.
3. Lubrication is essential to performance (especially if performing as
clamps).
4. Torque can be a good indicator of tension if controlled but we donot
control or recognize torque directly.

[N

DEPARTMENT OF CIVIL ENGINEERING, AIET, MILAR. Page 16



INTERNSHIP 2023-2024

Bolts and nuts threads

Thread Load Distribution

Load Distribution on a 7/8-9 Grade 8 Nut

o 25 20 s 10 s

Fig.9 Distribution of load in bolt thread

1. There are over 120 elements to thread design.

2. Standard allow as ignoring most of those elements but a few are
important to understand.

3. Inch series structural bolts are always “unified course”, class -2Atolerance

Engineer’s responsibility

1. grade/type/ finish selection
2. non-standard selection [ if any]
3. installation method
4. inspection
5. Proposed assembly [nuts/washers/ hole size/etc.]
6. standards allow to ignore most of the 120 elements in thread designbut
few
Important of engineers responsibility
Load distribution [half the load is in first two threads
Basic thread dia
Thread
class
Geometry
Pitch and pitch diameter [pd]
To oversize the pd if coating is done [major dia and minor dia]
Coating is a significant issue- ensure 4 point contact.
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CHAPTER 5
QUALITY CONTROL

Quality control in pre-engineered buildings ensures that the buildings are
manufacturing to the required strength and durability standards pre-engineered
buildings are designed to with stand various loads and environmental conditions.

Quality control plays pivotal role in the manufacturing processes of pre-engineered
buildings as it ensure the structure integrity and safety of these modern.

One of the fundamental aspects of quality control in pre-engineering buildings
manufacturing is the thorough inspection and testing of materials used in the
construction process. This ensures that the raw materials meet the required
specifications and possess the necessary strength, durability, and other essential
properties.

Fig.10 Explanatlon about -témporary bracings

Sir explained the pre-engineered structure and along with that sir explained how
bracing and connections are done in pre-engineeredbuildings.
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Fig.11 Welding procedure
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Fig.12 Manufacturing certificate
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Fig.13 Tensile test certificate on steel

Site visit

We visited to PNR site on 23/11/2023 at 9:00AM and saw all the workand we
discuss some of the things with Mr. Manju who was the site incharge and cleared
some doubt, he explained how the erection has done in the site and machinery

used for the erection

Fig.14 I-section beam structure Fig.15 I-section column structure
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CHAPTER 1
COMPANY PROFILE

1.1 About Agrima Roof and Facade System

In the year 1985, a small team of young Engineers fresh from Civil Engineering
Graduation. Started executing Civil and Mechanical work at Nuclear Reactor
Installation in Kaiga, India. The team climbed in work and scope over the years.
The team added critical and complex works such as Reactivity Mechanism, End
Shield Installations, Heavy water plant, nuclear piping, etc. expanding the learning
curve continuously. Consistently winning safety awards for seven times is one
proof of the excellent track record maintained by the team.

The company was named “AGRIMA ROOF AND FACADE SYSTEMS” in
the year 2012 and took an initiation of sustainable building materials in
construction andalso executed export projects at Maldives and Bangladesh. Agrima
got affiliated with Palram, Israel in the year 2016. Pure engineering and construction
company with well-established divisions in mechanical, pre-engineered buildings,
and fabrications. Promoted by engineers with two decades of experience. Having
offices in Bangalore, Hyderabad and Hong Kong.

More than 250 works completed in remote and project areas in India.

1.2 Services

1) Pre-Engineered building
2) Kingspan—Ireland
i) Standing Seam Roofing System — Aluminium
iij Facade System - Aluminium
3) Palram system —Israel
i) poly house and flat
i) skylight
i) Multiwall Polycarbonate Standing seam roofing & Facade system
iv) Solid Polycarbonate Standing-Seam Architectural System
v) Multi-layered PVC sheet
4) Kalzip Roofing and Facade system
5) Nuclear works
6) Lysaght - Tata
i) Galvalume Roof & FacadeTrimdek
i) Klip-Lok System
i) Flex-Lok System
iv) MR-24 System
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CHAPTER 2

PRE-ENGINEERING BUILDING

2.1 Introduction

Technological improvement over the years has contributed immensely to the
enhancement of the quality of life through various new products and services
.Technology can be utilized which has the potential totransform civil construction
practices across the country.

Pre-engineered buildings are metal enclosure buildings that contain factory mode
structural frames, roof and wall support. The complete design of such buildings is
created at a factory and the pre-engineered building components are brought to the
site and installed. Pre-engineered buildings is designed by a pre-engineered
building supplier or pre-engineered building manufacturer withsingle design to be
fabricated using various material and methods to satisfy a wide range of structure
and aesthetic design requirments.This is constructed with a buildings built to
design that was created specifically for that building with in some geographic
industry sectors pre-engineered buildings are also called pre-engineered metal
buildings as is becoming increasingly common due to the reduced amount of pre-
engineering involves in custom computer— aided designs simply engineered metal
buildings the I-beams are then field assembled to form the entire from of the pre-
engineered building some manufacturers taper the forming member according to
the local loadings effects larger plate dimensions are used in areas of higher load
effects.

Advantages of pre-engineered buildings

Time saving:-It takes less time to complete pre-engineered buildings and projects
can deliver on time.

Cost effective solution:-As most of the ports of pre-engineered buildings are
manufactured at a factory they save you lots of money.

Low maintenance and highly durable:-The steel does not crack; wrap the
construction required zero maintenance.

Customized solution:-You can design the pre-engineered buildings structureas per
your needs and requirements and the space available at the site.

Eco friendly:-Most importantly these structures are eco-friendly as the material
used in the construction can be recycled and reused consideringenvironment safety
concerns.

Less expensive because of the design manufacturing and on site erection cost
saving. Since all of these pre-fabricated and skilled labours are used to connect the
various components quick assembly is possible
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Dis-advantages of pre-engineered buildings

1. Eco system in India is yet to develop.
Non-standard buildings are difficult to implement.
Complex machines and technique required
Complex software required.
Modifications are not possible.

wok v

Application s of the pre-engineered buildings
1. Warehouse

Factories

Gas stations

Metro stations

Railway station

Outdoor stadium etc.......

S i

2.2 Materials

Fabrication is defined as the process of manufacturing, assembly and joining
different components to form complex structures. The structure generally uses
readily available standard sections which are manufactured from steel used in
fabrication is selected from a range of alloys of iron and corban with addition of
small quantity of silica .these various alloys of steel are tensile strength.

Important to select the suitable material depending upon the condition of service as
per the function requirement .The availability of the material at site is also an
important conditions. Structure steel is produced in wide range of shapes and
grades which permits maximum flexibility of design steel is relatively inexpensive
most versatile and economic material available to fabrication.

Steel as a construction material

Steel as a basic raw material for construction has been receiving attention all over
the world. The effects are being made to achieve maximum economy in its
utilization. Structure steel is widely used in various types of industrial structure
such as building, framework, railway and highway bridges, tower construction
special structure such as storage tanks, gas holders, bunkers, technologies structure,
like blast furniture’s stoves.

Merits of steel

Steel is mainly used for the construction due to its high strength properties and
ability to resist more loads and comparatively lighter weight. Steel as a
construction material gives long services life, higher gas and water tightnesscase
for fabrication; assembly erection alteration and modification up to a greater extent
are possible on steel structure construction required at later date.
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Classification of steel material
1. Shaped products
2. Flat products
3. Track material
4. Special items for steel structure construction in industry
The steel sections generally used are angle, channels, beam plates, roils,
galvanized sheets, tubes and pipes.

Sankey diagram for steel

Fig.1 Sankey diagram of steel

The steel map shown that two-third of the worlds steel is made from mined oreand
one-third from recycled scrap one-fifth from manufacturing and fabrication and
two fifth from end life productions and buildings the dominant production routes
for steel made from ore is the basic oxygen furnace and from scrap is the electric
arc furnace although these is one same interchange between the two more than
99% of the worlds steel rolled after casting and the resting stock products are
approximately one tenth plate for tenth strip four tenth ,rod and bar and one tenth
section ,half of the words steel is used in construction of which one third is
reinforcing steel most steel used in vehicle manufacture is from cold rolled coil or
from casting.

Sustainability of pre-engineered buildings (PEBs)

Pre-engineered buildings are considered sustainable because they have a lower
environmental impact than traditional brick and stone construction. Pre- engineered
buildings are built using sustainable materials like recycled steel and composite
material made from recycled plastic. Pre-engineered buildings are designed to
optimize material used which also limits any waste production, their production
process results in low carbon footprint when compared to traditional building.
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Components of pre-engineered buildings (PEBs)

Pre-engineered buildings (PEBs) are metal buildings that can be adopted tosuit a
wide range of structural application. They are supplied as a fully finished produced
along with steel structure, building accessories and roof cladding. They required
on site fabrication or welding.

Purin
Optional Rigid Frame Endwall (For future Expansion)
Roof System
Roof Beam
Interior Column
Fascia System

Sidewal Canopy
- Sidewall Girt
Straight Column (Intermediate Frame)
Tapered Column (Intermediate Frame)
Sidewall Overhang

Endwall Overhang

Endwal Roof Beam

Endwall Git
Endwall Post
Wall System

Pre-engineered Building System

Fig.2 Components of pre-engineered buildings

Primary Frame:-Primary frames consist of trusses, column or castellated beams
etc. These are built up of I-sections steel members all the load of structure
members passes to the base and consist of endwall frames. These end wall frame
are either designed with rigid frames or with economic bearing frame. These frames
are reinforced with wind bracing and connecting bolts, sometimes with anchor
bolts.

Secondary elements:-Are cold-framed structural members available in different
shape like C, Z etc.. Commonly known as “purling” for overall structure stability
these purines transfer force from one frameto another.

Roofs and wall panels:-Some of the pre-engineering building components like
roofs and wall panels come in tin shades and curtainwalls mode of glass and roll
framed steel sheets some special roofing sheets are used to minimize energy usage.
Sandwich panels:-These panels are made in this layer where one non-aluminum
layer is placed in between two aluminum sheet. Some other components of
sandwich panels are bolted insulation, mezzanine floors, skylight flashlight, cage
ladder, cable trays ducts, cranes etc..

Foundation and floors system:-Made up of conventional concretesystem usually
called as open foundations system.

Main frame Or vertical columns:-The mainframe includes the steelrigid frames
of the building.

End wall frames:-This is designed as a main rigid frame.

Purlins, grits and eave structure:-These are the secondary cold- frames members
of the components of the pre-engineered buildings.
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Design requirements

The structure design is an art and science of designing with the elegance and
economy, safe serviceable and structure, internal all structures are designed to
safety certain basic structure and functional requirements.

Structural design requirements

Strength
Stability
Safety
Durability
Serviceability

i wbhre

6. Economy
The designed structure should be strong enough to with stand all types of loads
coming without excessive deformations or deflection and should be stable under
largest stipulated loads.

The entire process of the structure planning and design requires

Not only imagination and concepts thinking but also sound knowledge ofscience of
structural engineering knowledge of practice aspects such as relevant design codes
and lows backed up by ample experience intuition and judgment.

In order to accurate design a pre-engineered building ,engineers considers the clear
span between bearing points, boys spacing roof slope, live loads dead collateral
loads wind uplift, deflection criteria, internal crane system and maximum practical
size and weight of fabricated members.

When design a pre-engineered building (PEBs), engineers should consider many
factors. Such as
1. Building dimensions length, width and height.
Clear span:-Distance between bearing points.
Bay spacing:-Distance between bays.
Roof slope:-Angle of the roof.

v W

Loads:-Live loads on the roof and frames, dead loads, wind load and
earthquake zone.

o

Internal crane system:-Whether there is an internal crane system.

N

. Foundation:-Composition of the footing plate, footing brace footing.
Column with reinforced concrete and blots.
8. Fire exits and safety:-Whether the area is prone to wild fires.
9. End bay length:-Distance from the outside of the outer flange of end wall
column to the center line of the first interior from column’s.
10. Interior bay length:-Distance between the center line’s two adjacent
interior main frame columns.
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Structural welding code:-Steel structure simple span beam shall be span
/240 and steel structure for cantilever span beam shall be span/120.

Basis of design

1. Design objective:-The objective of design’s the achievement of an acceptable
probability that structure will perform satisfactorily for the intended purpose
during the design life with an appropriate degree of safety they should sustain
all the load’s and deformation’s.

2. Methods of design:-Structure and its elements shall normally, be design by
the limit state methods .Account should be taken of accepted theories,
experimented information and experience and theneed to design for durability.

3. Design process:-Structural design including design for durability construction
and use should be considered as a whole. The realizationof design objectives
required complaisance with clearly designed standard for material’s,
fabrication, erection and in service maintenance.

4. Design requirement’s:-The structural should design is an art and science of
designing with the elegance and economy, safe serviceable and adorable
structure ,Ingeneral all structures are design to safety certain basic structural
andfunctional requirement’s.

Various steps in structure design

1. Structure planning

2. Estimation of loads

3. Analysis of structure

4. Member design

5. Drawing detailing and preparation of schedules.

Member design:-All the member are designed manually /using softwareaccording
to IS code using analysis results from STAAD-PRO. Drawingand detailing is done
in auto cad.

2.3 Introduction to stability

The stability of a pre-engineered building depends on various factors such as the
design, construction materials foundation and environmental conditions pre-
engineered buildings are typically designedand fabricated to meet specific structure
requirements and their stabilityis often ensured through rigorous engineering and
quality process.

The use of high quality steel and other construction materials along with precise
engineering calculation, helps to ensure the stability and durability of pre-
engineered buildings additionally the proper installationof the building components
and adherence to building codes and regulation are crucial for maintaining stability
environmental factors such as wind, snow, seismic activity and soil conditions also
play a significant role in the stability of pre-engineered buildings.
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The design and construction of these building must take into account these factors
to ensure that they can withstand the forces and loads imposed on them.Regular
maintenance and inspection are also imposed for

Ensuring the an going stability of pre-engineered buildings this Includes checking
for any signs of structure detritions addressing Any issues promptly and making
any necessary repair or Reinforcement

Stability:-Vertical support for the whole building is provided by mainframe. It also
provides lateral stability for the building in its

Direction while lateral stability in other direction is achieved by a bracingsystem.
The capability of a structure system to transmit various loadings safety to the
ground.

Designer have kept structure in equilibrium
~H=0

V=0

*M=0

Stability of the structure involves 2nd grder deflection.

Fundamentals of stabilities

Forces follows stiffness

Basis of every structure analysis
Compatibility

Displacement must be in argument
Forces to displacement
Serviceability and ultimate stress

NosWN e

Bare of steel structure

Two fundamental concepts

1. Stiffness in series — avoided

2. Stiffness in parallel — ok

Stability analysis is a method used to predict the behavior of dynamicsystem.

What are stability analysis (as per the AISE)

1. You must include deformation
2. 5mm deflection is ignored

3. Must be equilibrium
4

. Loss of stiffness
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Geometric effect
1. Screep
2. Camber
Material effects
1. Variation in cross sectional area

2. Crystalline structure
3. Strain harder

Preferment based design
1. It ignores code based design

2. Increase complexity of code

3. Increases compitation
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CHAPTER 3

TOLERANCE AND BRACING

Tolerance:-Is defining as acceptable range of deviation from the desired
measurement without causing the product to fail. Creating tolerance when
designing and manufacturing products is incredible important safety equipment
like seatbelt car brakes and airplane wings tends to have a remarkable low
tolerance.

Tolerance in engineering is the allowable variation range frame the desired
measurement without causing a product to be defective.

Tolerance for any part of the structure the structure should not be out of plumb
more than 3.5mm on each 10mm section of height ant not more than 7.0mm per
30 meter section.

The tolerance specified in this standard do not apply to steel structure where the
deviation from true position are intimately linked with and direct influenced on
erected steel structure shall be as per recommendations of process technologists the
tolerance on deviation inthe erected steel structure from the true position shall not
exceed the valued.

Bracing:-Bracing is structural element that provides lateral stability and resists
forces that act perpendicular to the plane of a structure without proper bracing ,a
steel structure is vulnerable to collapse without forces of wind ,earth quakes or
other external factors. The pre-engineered buildings is analyzed for both lateral
forces acting together on a same structure six different types of bracings are
provided for lateral stiffness (including tie-runner) bracing used are inverted v-
bracing, v-bracing, diagonal bracing, k-bracing, x-bracing and tie-runner.

1. Inverted v-bracing:-Is a type of bracing that provides diagonal
supports in one direction it is also known as chevron bracing.

2. Inverted v-bracing:-The two members meet at a center point on theupper
horizontal member.

3. X-bracing provides diagonal support in two directions.

4. K-bracing resembles the latter k and can be mounted vertically or
horizontally it increases lateral and vertical force resistance.

5. Steel concentrically braced frame are frequently used as efficient
lateral load resisting system to resist earth quack and wind loads

6. Horizontal bracing:-The bracing at each floor (in horizontal planes)
provides load paths for the transference of horizontal forces to the planes
of vertical bracing, horizontal bracing is needed at each floorleave.
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Temporary Bracing

1. Structural steel frames require temporary bracing duringconstruction
2. Temporary bracing is placed before plumbing up the structuralframe

3. This gives the structure temporary lateral stability
4. Temporary bracing is removed by the erector.

5. In a braced frame, temporary bracing is removed after final bolt-up is
complete and the permanent bracing system is in place

6. In a rigid frame, temporary bracing is removed after final bolt-up is
complete.

Fig.3 Chevron bracing

Chevron Bracing

1. The members used in Chevron bracing are designed for both tension and
compression forces.

2. Chevron bracing allows for doorways or corridors through thebracing lines
in a structure.

3. A multi-floor frame elevation using Chevron bracing is shownabove.
4. Chevron bracing members use two types of connections.

5. The floor level connection may use a gusset plate much like theconnection
on X braced frames.
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CHAPTER 4

INTRODUCTION TO CONNECTION

Connection in steel structure are crucial element in the structure steel building
steel connections include parts such as nails, bolts and welding which serve to
connect two or more steel components they can also be used to join steel building
to other types of construction they can also a brick or concrete blocks the load
bearing capacity and strength of steel connections depends on the installation
method proper installation is crucial factor in ensuring that the connections
functions effectively.

There are three most common types of connections in steel structure welding
connections; bolted connections and riveted connection among them riveted
connections are used less frequently due to different in disassembly.

There are three main type of connection

1. Welded connection
2. Bolted connection

3. Riveted connection

Welded connection:-Welding is most common used method in the production
of steel structure this method utilized heat (through flame orelectric arc )to locally
heat the metal at the contact point until it melts and gradually bents after cooling
this metal part will slowly solidified forming the weld.

Bolt connection:- Bolt connection in steel structure have been popular for a
large time this type of connections is established by fastening two components
together using bolts and heavy-duty nuts .Bolts connections can be easily
assembled or disassembled ,which greatly facilitates regular inspection and
maintenance they can be applied to components subjected to tension, shear or even
both.

Riveted connection:-Riveted connection are similar to bolted connections in
that both use a type of components to join various elements together this technique
involves placing rivets the end of therivet to ensure the components remain intact
however riveted connections rather old method and less common used in practical
applications this days.

DEPARTMENT OF CIVIL ENGINEERING, AIET, MILAR. Page 12



INTERNSHIP 2023-2024

Steel Connection Types

The Specification for Structural Steel Buildings (AISC 2005) defines twotypes of
connections:

1. Simple Connections (above left)
2. Moment Connections (above right)

3. Fully-Restrained and Partially-Restrained

Simple Connections

1. Designed as flexible connections
2. Connections are assumed to be free to rotate

3. Vertical shear forces are the primary forces transferred by theconnection

4. Require a separate bracing system for lateral stability

5. The following few slides show some common simple framingconnections.

Moment Connections

Fig.5 Moment connection
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1. Designed as rigid connections which allow little or no rotation

a. Used in rigid frames
2. Moment and vertical shear forces are transferred through theconnection
3. Two types of moment connections are permitted:

a. Fully-Res trained

b. Partially-Restrained

Fig.6 Fully restrained connection Fig.7 Partially restrained connection

1. Have sufficient strength to transfer moment with negligible rotation between
connected members.

2. The angle between connected members is maintained.

3. Have sufficient strength to transfer moments but the rotationbetween connected
members is not negligible.

4. The angle between connected members may change.

Types of weld joints

The purpose of welding joints is to join parts together so that stresses are
distributed the forces causing stress in welded joints are tensile, compression,
bending, torsion and shear.

Butt joint or Butt weld:-Is a joint where two pieces of metal are placedtogether in a
same plane and the side of each metal is joined by welding butt weld is the most
common type of joint that is used in the fabrication of structures and piping
systems Its fairly simple to prepare and there are many different variation that
can be applied to achieve thedesire resect.
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Lap joint:-Lap welding joints are essentially a modified version of the butt joint
they are framed when two pieces of metal are placed in an overlapping pattern on top
of each other they are most commonly used to joint two pieces with differing
thicknesses together welds can made onone or both side.

4.1 Fabrication and erection

Fabrication through welding

The fabrication process includes design and engineering, as well as detailing and
manufacturing at the factory. All steel components are fabricated at the factory and
linked by bolts at the site. So the erection process is fast, step by step, easy to
install and requires simple equipment.

Twelve principles of welded connection design:-

1. A good welded connection is properly sized

a. Big enough
b. But not larger than necessary

c. Otherwise
d. Increase in distortion
Increase in construction
cost
e. Increase in cracking and tearing tendencies.

2.A good weld connection uses proper weld type
Fillets> PJP>CJP

a. PJP: partial joint penetration
b. CJP: complete joint penetration

3.A good welded connection is preferably evenly loaded.

4.A good welded connection accounts for uneven stress distributionwhen
someone.

5. but not all of the elements are connected

6. Shear leg: Is a concept used to account for the uneven stress distributionin
connected members when same but not all of their elements (flange, web,
leg, etc...) are connected.

7. A good welded connection account for non-uniformity of load transferalong
the line of weld due to differences in relative stiffness of has walls.
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8. A good welded connection has protected roots.

9. A good welded connection has terminations that have been properlydetailed.
10. A good welded connection does not introduce stress raisers.

11. A good welded connection accounts for material properties.

12. A good welded connection accounts for commercial reality.

13. A good welded connection accounts for safe and economical joint.

14. A good welded connection allows the welder to see the puddle.

“Good workmanship and good design details incorporating joining
geometry that avoids severe stress concentrations are generally the most
effective means of provides fracture resistant construction”.

Erection through bolts

1. Lifting and placing: Components are lifted and placed into position.

2. Connecting: Components are connected together. This is usually done by
bolting, but sometimes site welding is used.

3. Aligning: Components are positioned and aligned on prepared
foundations.

4. Securing: Components are secured to form a complete frame.

Bolting basics
Understanding the Curve

Elastic 4 Plastic Range -
-4 Range Elongation Undl Failure
Ultimate Tensile Strength

————— Yicld Poinc " Failure

(Fracture Point or Tensile Poind
e Punet Load
Seress (T pow 2ty WS90 af ¥ by
(Tension/ Load) — Typical Clamp Load
(75% of Proof Load.

T T T T T T 1
Serain (S & E ion)
Tensile Stress-Strain Diagram

Fig.8 Stress-strain diagram of bolt

Nuts should be strength then bolts.

. The most bolt threads in the grip the better worry more about shank-out
than stick-out.

3. Lubrication is essential to performance (especially if performing asclamps).

4. Torque can be a good indicator of tension if controlled but we donot control

or recognize torque directly.

N —
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Bolts and nuts threads

Thread Load Distribution

Load Distribution on a 7/8-9 Grade 8 Nut

Fig.9 Distribution of load in bolt thread

There are over 120 elements to thread design.

Standard allow as ignoring most of those elements but a few areimportant to
understand.

. Inch series structural bolts are always “unified course”, class -2Atolerance

Engineer’s responsibility

grade/type/ finish selection

. non-standard selection [ if any]
. installation method

1
2
3
4.
5
6

inspection
Proposed assembly [nuts/washers/ hole size/etc.]

. standards allow to ignore most of the 120 elements in thread designbut

few

Important of engineers responsibility

Load distribution [half the load is in first two threads

Basic thread dia

Thread

class

Geometry

Pitch and pitch diameter [pd]

To oversize the pd if coating is done [major dia and minor dia]
Coating is a significant issue- ensure 4 point contact.
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CHAPTER 5
QUALITY CONTROL

Quality control in pre-engineered buildings ensures that the buildings are
manufacturing to the required strength and durability standards pre-engineered
buildings are designed to with stand various loads and environmental conditions.

Quality control plays pivotal role in the manufacturing processes of pre-engineered
buildings as it ensure the structure integrity and safety of these modern.

One of the fundamental aspects of quality control in pre-engineering buildings
manufacturing is the thorough inspection and testing of materials used in the
construction process. This ensures that the raw materials meet the required
specifications and possess the necessary strength, durability, and other essential
properties.

Fig.10 Explanatlon about Vtémporary bracings

Sir explained the pre-engineered structure and along with that sir explained how
bracing and connections are done in pre-engineeredbuildings.
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Fig.11 Welding procedure
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Fig.12 Manufacturing certificate
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Fig.13 Tensile test certificate on steel

Site visit

We visited to PNR site on 23/11/2023 at 9:00AM and saw all the workand we
discuss some of the things with Mr. Manju who was the site incharge and cleared
some doubt, he explained how the erection has done in the site and machinery

used for the erection

Fig.14 I-section beam structure Fig.15 I-section column structure
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