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Glass Application on Facades

We are now going to explain little more on a design approach in various different aspect,
not necessary engineering point of it, may be from different design point of view for

facade system.

(Refer Slide Time: 00:36)
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Linear analysis: Wind load calculations,
deflection and stress checking

linear analysis we are assuming that stress is proportional
to strainas per Hooke's law) and deformations are
covered by small deflection theory (i.e. plane sections
remain plane, etc)

Linear analysis the design processes, we will be explaining the design process here. First,
as engineer he will be the predominant load on the facade is wind load. So, we need to
check the wind load and make sure the wind load is checked for all the major elements

for stress versus deflection checks.



(Refer Slide Time: 00:56)
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Wind pressure-Multi face aspect

The predominant force as we all know is wind force being small building big building or
wind force is predominantly a natural criteria which is defining lots of components. So,
wind is defining the performance of the building and it has impact on comfort, it has
impact on a functional, due to the wind especially high rise building or tall building the it
creates big differential pressure from internal space to external space and perception.
Perception is something related to the occupants. The occupants feel is that it is moving
too much then they do not feel comfortable. And, it is a safety aspects. So, the wind is

giving multi-facet aspects to the engineering design.
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And, continuing with the wind; wind pressure on the facade mainly on the high rise
buildings it has other secondary effects. It may sometime also define by the geometry if
the building is circular or some curved we all know like, engineers understanding is the
wind is flow smoothly on the circular building as compared to the square building. And,
it has the peak pressure the engineer should know where is the peak pressure and it may
not be non-linear the building when it goes taller and taller the pressures are not linear
and if there the situation the wind tunnelling happens where the buildings are spaced

closely.

(Refer Slide Time: 02:30)
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Wind pressure influence Design Elements

Wind is giving lot of challenges depending on the elements the wind pressure. Facade
has different elements as mentioned before. It could be the wind is different the entrances
which is impacting on the entrance facades, canopies or those sheltering the entrances as
a different aspect. When it comes to the roof, the roof design is controlled by the wind.
And, there are lot of shades, building corners. It may be a large openings on the buildings
like access doors or maybe places where the building has the corner openings the this

wind pressures are critical.



(Refer Slide Time: 03:10)
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Wind pressure influence Design Elements

Design Approach & Method:

+ Building

*+  Entrances

+  Canopy

+  Roof

+  Projeclions

+  Shades

+  Comners

+  Large openings

Wind pressure is influenced by various define a different elements as mentioned
previously. It could be on the roofing elements or there is large canopy which is on the
entrances, it could have a big uplift force of this canopy which will define the design. If
it is curved and smooth the wind pressure is much predictable, if it has a sharp corner

with a lot of shades and sun shades, it will have an impact on the high peak pressures.

(Refer Slide Time: 03:39)
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Wind load Calculation as per IS Code
The followings are the procedure to find out the wind pressure
as per |S 875-Part3,

*  Refer Figure 1 gives basic wind speed (Vb) map of india, as
applicable at 10 m height above mean ground level for different
20nes of the country.

*  Design Wind Speed (Vz)-It can be mathematically expressed as
follows:

Vz=Vb*k1*k2*k3*kd,

where

V2 = design wind speed at any height zim/s,

k1 = probability factor (risk coefficient), (Ref IS 875-1ll-Clause 5.3.1)
k2 = terrain roughness and height factor, (Ref I5 875-l1l-Clause 5.3.2)
k3 = topography factor and, (Ref 15 875-11l-Clause 5.3.3)

+  kd=importance factor for the cyclonic region, (Ref 15 875-IIl-Clause
534

Wind load calculation it varies according to the local standard as per IS code here 875-

Part 3 or the NBC 2016. The design principle is given here that is a basic wind speed and



it has all this criteria factors k 1, k 2, k 3, k 3 and k 4 roughness terrain factors. If the
engineer put all this numbers you will get the actual design wind pressure and the

procedure is given in for example, IS 875-Part 3.

(Refer Slide Time: 04:15)
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Wind load Calculation as per IS Code

The wind pressure at any height above mean ground level
shall be obtained by the following relationship between wind
pressure and wind speed:

p2=0.6Vzr2

where

pz = wind pressure in N/m2at height z, and

Vz = design wind speed in m/s at height z.

Wind load calculation as per code is primarily defined by the wind speed as define
various cities as the different basic wind speed is given in IS code and wind pressure. So,

the pressure is varying according to the height or the building. (Refer Slide Time: 04:31)
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Wind load Calculation as per IS Code

When calculating the wind load on individual structural elements such as
roofs and walls,and individual cladding units and their fittings, it is
essential to take account of the pressure difference between opposite
faces of such elements or units. For clad structures, it Is, therefore,
necessary to know the internal pressure as well as the external pressure,
Then the wind load, F, acting in a direction normal to the individual
structural element or cladding unit is:

F =(Cpe - Cpi) A pd
where

Cpe = external pressure coefficient,

Cpi = internal pressure coefficient

A = surface area of structural element or
cladding unit, and

pd = design wind pressure



As per wind code, the engineer need to check the external pressure versus internal
pressure and it should be multiplied by the exposed area of the building and design wind

pressure. So, if you put all these factors we will get the net design wind pressure.

(Refer Slide Time: 04:48)
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Wind load Calculation as per IS Code

Internal Pressure Coefficients Cpi, Internal air pressure
in a building depends upon the degree of permeability
of cladding to the flow of air. The internal air pressure
may be positive or negative depending on the direction
of flow of air in relation to openings in the building.

External Pressure Coefficients Cpe, Values depends on
the Building height ratio & Building plan ratio.Ref Table-
5in 1S 875 Part3, It gives typical & non typical external
pressure co efficient.

Wind load calculation is primarily two factors to be considered internal pressure and
external pressure. Internal pressure is generally is taken as 0.2 to 0.3 plus minus and
external pressure is calculated based on the wind pressure, building aspect ratio or terrain
factors as various different factors. And, the net pressure is given the difference of these

two external and internal pressure.



(Refer Slide Time: 05:16)
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Wind load Calculation as per IS Code
Wind load Patch As per IS 875 Part-3
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Design Approach & Method:

In real situation the wind pressure on the high rise building may not be consistent or
uniform. As you can see the picture is taken from a real project of proximately about 50
storey building here. These two towers is given and you can see the wind pressure or

acid goes higher, as well as the corners.

The corner wind pressure is much higher and the central portion is given in orange
colour is of a different pressure and the roofs all the corners because, of this building has
a lot of sharp corners the pressures are much higher on the corners. It sometimes not
linear you can also see the wind patches here is even higher at the lowest podium level.
This is showing a wind calculation stand as a typical high range building as per IS 875

Part-3.



(Refer Slide Time: 06:10)
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Wind pressures are calculated as per Wind tunnel Testings

Design Approach & Method:

- Unpredictable . ;'-':":'"
= Non Linear

= High pressures right at
lower level

- site weather data, great |
impact on results

- Recommended for taller
buildings.
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This picture is showing wind pressure is done from the wind tunnel testing. Wind tunnel
testing is as engineer maybe familiarize different from the codal based analysis. The
building model physical model is been checked in wind tunnel and the pressure is
derived from the actual physical model study. And, as you can see the pressure is not
linear it basic generally the red patches is the high wind pressure and the red patches is

across the building spread here.



In this building the red patches is even visible at the lowest level here which primarily
saying engineer may not assume everything is linear. So, it could be non-linear, the high
pressure even very high at the bottom most here and this building is four towers on the
particular size space it spaced very closely, the pressures are very high at the corner. So,
it is a real case conditions is taken from the actual project, the wind pressure may not be
linear it may be varying across. So, this has a challenge for engineers to design the
system with suits for all different criteria at the same time is optimized to design. (Refer

Slide Time: 07:29)
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Non-linear analysis-Introduction and
methodology

Design Approach & Method:

Nonlinear analysis allows for nonlinear stress-strain
relationships (i.e. beyond vyield) and material
properties that are temperature dependent. In
addition, non-linear analysis allows for the accurate
modeling of structures that undergo large
deformation

The engineer should be familiar little on non-linear analysis for facade being a glass
panel or framing elements because, the pressure is varying and the framing elements or
framing supporting framing it could also be splendour elements. Hence, non-linear

analysis on facade engineering is part of the all the design process.



(Refer Slide Time: 07:54)
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What is structural framing?

Structural Framings are the structures having the
combination of Mullion, Transom, Sill & Head to
resist the lateral wind and Dead loads.

What is structural framing? The structural framing, essentially supporting the cladding
panels being a glass of cladding; the terminology used to mullion is considered as main
verticals or runners, its spanning on the longest ride. Transom is called as horizontal
framing elements which primarily spanning on the shorter span. Sill and head section is
given for wherever the joint is happening here and all these elements put together and an

act as a facade system and it should resist lateral wind load and dead load as per.
(Refer Slide Time: 08:32)
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How is structural framing done?

In Facade Structural Frame,
*The glasses are supported by transom/Sill& Head.

*The transoms are connected in to vertical mullion.

*The vertical mullion is connected to the floor
brackets,

«The floor brackets are fixed to the RCC by post
fixing anchors.

—




The structural framing is what you can see the framing around the glass panel or
cladding panels of framing and in this system it is prefabricated system. So, that the
framing what you can see the green colour is spanning from floor to floor. This is the

height of the member which need to be a structural engineer. (Refer Slide Time: 08:52)
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- Framing-Aluminium

® CASE STUDY - Alum Frame Design Case-1

Simple beam theory
Apply to Typical Glazing ~Ex, Residential

Bending Check :

Bending moment Mx = W*L*2/8
Bending Resistance Mres = 2¢ * Fa
o ey > M- x> Pass

Span- Unisppormes length

Deflection Check :

Estimated deflection De =
[S*WeLAd)/384%E* Ix

» De < Allwable deflection - > Pass

W - force / unit Length I » Section Modulus
L > Span Fa > Aligwable stress

And, the member which is spanning on the longer side which is generally the floor
height members need to be checked. If it is a window system the members spanning
from top to bottom which uses a simple beam bending theory to check predominately

should be checked for bending and check for deflection.



If it is a simply supported check the bending check is W L square by 8 and it is checked
against the strength and if it is simply supported the deflection check a simple bending
check like 5 W L power 4 by 384 E 1. So, these all simple bending check if it is a simple
window system; so, the engineer should be aware of its section and allowable stress and

the span. (Refer Slide Time: 09:37)
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®» CASE STUDY - Alum Frame Desig\nEaEe-z

Continuous beam theory | Tm -
Apply to Typical Glazing = Ex,. commercial E\e
buildings

Bending Check: | ™

Bending moment Mx = {Arrive fram Structural analysis)

Bending Resistance Mres = Ix * Fy II -

* Mres > Mu- > Pags

Deflection Check :

Calculated deflection De = Arrive from Structural Eggﬁg
analysis I L

+ e Allowable deflection - » Pass

W -> force | unit Length i > Section Modulus

I L -> 5pan Fa > Allowable stress

And, if the facade system is for commercial building or it is a curved wall system which
is spanning across the floor on the envelope, then it should be check for continuous beam
theory which is spanning across the floors. Then, it could be simple hand check or it may

need a computer structural analysis.



So, the principle of checking is the same. So, the engineering need to find the bending
actual bending moment and with the section modulus the engineer will check what is a
resistance versus actual then he will define the pass-fail criteria. On the deflection check
for continuous is maybe the simple beam analysis not enough the computer analysis will

help you for the actual deflection. (Refer Slide Time: 10:21)
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® CASE STUDY - Steel Frame Design

Simple beam theory
Apply to Typical Glazing -Ex, Residential

Framing-Steel

S

Bending Check :
Bending moment Mx =W*L*2/8
Bending Resistance Mres = 2 Fa

* Mres » My - > Pass Inside

Span- Unepparted length

Deflection Check :
Estimated deflection De = [5*W*LA)/384°E*lx
De < Allowable deflection - » Pass

W o> force / unit Length L » Section Modulus
L ->Span Fa = Allowable stress

—

Here in this case is the curtain wall facade system. The beam element is spanning on a
much taller height here, it could be 8 to 10 meter if it is a double height entrances and
lobbies. Here still the simple beam check is valid, only difference here the span is quite

tall, then may be buckling here as combined check is essential on this case.

(Refer Slide Time: 10:47)

GLASS ACADEMY HPY:LN

Thickness & Stress analysis- (By Linear
Analysis)

The Procedure defined by ASTME E 1300-02 include the
following assumptions.

*Glass is properly glazed & free edge damage.

*Glass edge support limits the lateral deflections of the
supported glass edges to less than /175 of their lengths.
*Center of glass deflection will not result in loss of edge
support.




Like a frame analysis we have to do the thickness analysis or stress analysis again is a
linear. For glass generally the code is checked from this code or many different
international codes. If it is a edge supporter or all the four side supporter is used four side
supported or if the glass is only two sided supported the thickness and checking as a

different formula.

(Refer Slide Time: 11:13)
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Thickness & Stress analysis-(By Linear Analysis
Four Side Supported Glass)

* Start with glass dimensions & specified
design loading.

Design load must be in psf or kPa. Wind velocity can be

converted to psf as follows

psf=0.00256V42

*Formulate a trial design(glass thickness & Type)

+Use £1300 to determine the load resistance(LR) & center of

glass deflection.

+If LR is greater than the specified design loading then trial

design is OK and you are done,

+If LR is less than the specified design loading, then modify the

trial glazing configuration & return to step-3,

Thickness and stress checking is for as per as linear method on four sided supported
glass is using plate design element theory if it is a four sided supported and it is checked
either using the codal based a stem E1 300 is quite commonly used or it can be other

standard using a plate theory formula.



(Refer Slide Time: 11:38)
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® Thickness & Stress analysis-(By Linear Analysis)

FIGURE 1 (Ref: Fig. ALS in ASTM Standard)
Evmacted, with | rion,
Reshuianie af Gl
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This is derived from the plate theory formula the code has given a graphic which is based

on the span the plate length and wind pressure it will give you the glass thickness.

(Refer Slide Time: 11:50)
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* Thickness & Stress analysis-(By Non Linear
Analysis Four point Supported Glass)

Key steps for glass design

+ Wind loads should be calculate as per standard codes or wind tunnel
report.

+ Model the glass in the software with actual support

conditions,applied the loads (Wind load, Live load etc) &Check for

Stress & Deflection,

Glass thickness Should comply the Stress & Deflection Criteria.

Note: If the glass is supported by 4peint or 2 side supported,
recommended to follow non linear analysis.

Thickness for the glass for glass design mainly it is defined by the wind loads and it will
define the glass based on a whether folk framed support or point support. Here we are
checking for a glass point supporter. When the glass is supported on only 4 points rather
than framing support this is defined by the 4 points supporter which is using a plate

theory, but it is may need a computer analysis.



(Refer Slide Time: 12:22)
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* Stress & Deflection Results From Non linear analysis

B Finned End
[ B suppart

As glass if supported on a point supporter like a frameless glazing or sometime is used
for the skylight and roof application we need to check for a finite element or non-linear
analysis, so that the glass is only supported on the 4 points. So, there is no over stress on
the points and the glass is able to withstand without making a failure of the fixing or a
glass panel. And, this generally used to plate theory because of the finite element

analysis it need some computer analysis.

(Refer Slide Time: 12:53)
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Innovative designs (skylights, balustrades & canopies)




And, there are application facade is used it is like a skylights, balustrades, canopies and
here this is used for a roofing application. Here is used for entrance facade is held by the
tension rod. We can see it is primary member secondary beam, here the steel design will

applicable.

(Refer Slide Time: 13:14)
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Design of Glass Supporting systems

The followings are the different types of glass
supporting systems
1)Framed Curtain wall System

a)Unitized CW System

b)Stick CW System
2)Frame less Curtain wall system
a)Spider Glazing
b)Tension cable system

Design of glass supporting system here the glass is comes in various different forms. It is
framed system here or it is here is call frameless point fixed system here. It depending on
the system here it is cable net facade tension system here as seen in Mumbai airport
terminal T2. And, here it is a panellized system here and primarily this is showing

framed curtain wall system or a frameless glazing system. (Refer Slide Time: 13:46)
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Design of interfacing with Buildin

(fixing and anchorages)

Key design principle

+  Direct load transfer

+  Structurally efficient

+  Allow movement / rotations

+  Easeof fidng

+  Simplicity in detailing

+  Ability to interface cleanly with main buildi



Previous slides we have seen framing design, glass panel design, cladding panel design.
From this slides we will show you fixing and bracketings. A facade system framing
elements or supporting system need to be secured to the building here; so, there are
various ways it can be fixed as mentioned earlier with the facade systems not a cast in
situ. There are different materials bring to the construction building and is fitted to the
different levels. Hence fixing is one of the primary criteria which is as a structural

impact.

The fixing system structural engineer should be aware and the engineer should be
understanding the importance of the fixing system. The fixing system of the curtain wall,
glazing, cladding any system need high level of robustness, integrity, good safety factors
and it allow a building movements. The in terms of design principle this can be defined a
like it should directly transfer the loads any fixing system, it should be structurally
efficients the fixing bracket cannot be a over design or too much bigger size oversize it
cannot fit into the interface detail. And, the fixing bracket should allow for building
movements or rotation and it should be ease of fixing to the within the skills of those at

the side.

And, it should be simplicity in terms of detailing it and it should able to interface with
the building appropriately. As you can see there are many different ways of fixing system
here this fixing system here it shows at the bottom left hook bracket which is fixed with
the another bracket here. So, this is one way of fixing here this is good for large building
movements sway and used in the seismic zone. So, that the fixing detail is such that is
not given additional rigidity or additional moment to the framing fixing and there is
another way of fixing bracket here is two panels of fixed with the side fixing bracket

detail and which is hooked on to this floor mounted detail here.

This is another good way of fixing here it allowing good floor moment and sideways, so
that there is no additional bending to the framing elements here. And, there is another
simple way of fixing bracket here is it is a simple L bracket detail which is bolted to the
back of the framing detail here. This or do not allow so much of building sway here
which is imposing little more fixing restraint here. This bracket can be used on a
moderately height of the buildings not very tall and slender building whereas, other
brackets shown here this hook bracket details are used predominantly for a high rise

building or building is slender and the building has a large floor or sway moment.



(Refer Slide Time: 17:03)
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(fixing and anchorages)
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Design of Glazing and Fixtures

The bracket fixing or interfacing detail is primarily not only the brackets, the engineer
should be aware of how the bracket is fixed and how it is interface with the slab detail
here. The facade system is running being a windows system or curtain wall system or
cladding system. The engineer should have knowledge on how it is interfaced finally,
and finished with the building. There is one detail is looking after is a bracket detail and
the brackets need to be checked for a shear and bending.

And, they also leave other detail like a connection detail. The facade system mainly
made from the metal framing elements. So, it should be checked similar to any steel
design like a shear checking, check for tension, check for combined effect. The bracket
elements need to be checked for a combined effect on many situation is subject to shear,
tension and bending and it need sometime a thick a localised stiffening elements here or

it may need a stiffener here.

And, another aspect to curtain wall fixings needs to be checked is anchorages, not only
the bracket, the bracket eventually secured with this anchors. So, the engineer should be
aware of what is the practical aspects of anchor design should be checked for shear, it
should check for tension; anchors here is shown here subject to both shear which is due
to the out of plane wind load moment and tension. And, bending will happen due to the
eccentricity, the load is here and the anchorages here. So, it has a big overhang extension

here.



So, it need to be checked for anchorages combined effect and anchorages it could be a
postfix anchor which is drilled to the concrete or it could be cast in situ or cast in
anchors. Cast in anchors is embedded during the concrete casting, postfix anchors like
this kind of a fixing which is drilled through the concrete or slab or beam then is fixed.
So, engineer should have a good understanding of modern techniques of this fixing, the
strength of this fixing, the behaviour of this fixing. There are different types of this fixing
could be a expansion anchor fixing or chemically embedded fixing or the fixings it can

use for a very large tension or dynamic loads.

The engineer should be aware of different way of anchorages and fixing. So, as a
combined effect of brackets connection and anchorages which is key essential, which is
defining the overall safety of the facade system, if the brackets connections anchorages if
any of these elements is failed it will have a catastrophic failure on the facade maybe the
panels falling off, something is breaking. So, any small element on this will have drastic

impact on the facade system safety aspects.

(Refer Slide Time: 20:13)

Summary:

By the end of this video, you have leamt about the:
+ Design approach and method
- Linear analysis - Wind load calculations, deflection and
stress checking
- Non-linear analysis - Introduction and methodology
* Framing - Structural framing
+ Framing of Aluminium and Steel
+ Design of glass and glazing: Structural design of glass
- Wind load analysis
= Thickness analysis
- Stress analysis
- Size and aspect ratio analysis
- Innovative designs (Skylights, balusirades, canopies)
+ Design of glazing and fixtures
- Design of glass supporting systems
- Design of interfacing with buildings
- Companent, framing sizing and optimizing the frame

With this we end the session.

Thank you.



