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Large Span
Structures

Shed:

The use of steel for long-span roof structures has
its roots in 19th-century bridges, train sheds, market
halls, and exhibition spaces. Structures like the
Crystal Palace (1851) in The use of steel for long-
span roof structures has its roots in 19th-century
bridges, train sheds, market halls, and exhibition
spaces. Structures like the Crystal Palace (1851) in
London and the Galerie des Machines (1889)in Paris
(figure 7.11) already showed the potential of iron
(or steel, in the case of the Galerie). New functions
requiring long-span roofs evolved in the 20th
century, including hangars for airships and aircraft
as well as single-level factories oriented towards
the new flexible ;\ﬁ T, KR
assembly-line eut
production
techniques

pioneered in

the  automobile

industry. E._-‘ .
Figure 7.11 Interior view of the

Galerie des Machines, Paris

Long-span steel trusses, originating with 19th-
century bridges (Benjamin Baker's steel truss Forth
Bridge in Scotland was the world's longest spanning
structure at the time of its completion in 1890) were
used in numerous factories and other building types
to create large, column-free interior spaces. Albert
Kahn's Glenn Martin Aircraft Plant (1937) in Middle
River, Maryland, is of interest not only because its
300-foot (91 m) trusses created the largest flat-roof
span attempted up to that time but because Mies
van der Rohe used a photograph of its interior to
construct his famous collaged image for a Concert
Hall project, published in 1943.

Additional representative examples in which
steel parallel-chord, horizontal trusses are featured
as important architectural elements include the
New Haven Veterans Memorial Coliseum (1972),
New Haven, Connecticut by Kevin Roche and John

A.R.Santhakumar

Former Emeritus Professor,
Department of

(a] Interior view of the stadium {cl Exterior Views

Figure 7.12 The New Haven Veterans Memorial Coliseum
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Figure 7.13 Exterior view -The Pom pidou Center, Paris
Dinkeloo (figure 7.13). Here exposed corrosion-
resistant steel trusses carry a multilevel parking
structure over the stadium below; and also the
McCormick Place Convention Center (1970) in
Chicago by C.F. Murphy Associates, in which two
perpendicular sets of parallel trusses are used. An
unusual multistory application of long-span steel
trusses can be seen at the Pompidou Center (1977)
which was designed by Renzo Piano and Richard
Rogers. Here the truss span—and therefore the
required depth of the structure—is reduced through
the use of sophisticated cast steel "gerberettes"
cantilevered inwards from water-filled tubular steel
columns to support the trusses, the columns being
expressed on the building's exterior along with
tensioned steel rods and diagonal cross-bracing,
as seen in the below figure 7.13.

Variations on steel trussed arches and frames,
providing lightweight and structurally efficient
spans, can be seen in early 20th-century hangars

[y
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Detailing

(a) Exterior view

(b

Figure 7.14 Peter Behrens's AEG Turbine Factory, Berlin

for airships (Zeppelins) and factory buildings,
especially in Germany. An early example, influenced
by the three-hinged steel arch forms of 19th-
century bridge and exhibition structures, is Peter
Behrens's AEG Turbine Factory (1909) in Berlin,
in which hinges and vertical elements comprising
the repetitive steel arches are expressed on the
exterior of the side facade. In the below figure 7.14
(b) the joining detail has been very clearly revealed
in the facade.

Norman Foster's Sainsbury Centre (1977) in
Norwich (figure 7.15), England, uses tubular steel
trussed rigid portal frames, which contain the
mechanical services for the building while providing
a clear span for the display and academic functions
within. A more complex three -hinged trussed
arch appears in Nicholas Grimshaw's Waterloo
International Rail Terminal (1994) in London.
There, the required asymmetry results in steel
tension elements of the truss expressed as thin
rods—being located first above, then below the
roof structure, creating a form at once rational and
counter-intuitive. A final example is the International
Exhibition Center (1996) in Leipzig by lan Ritchie, in
which arched trusses with cast-steel support arms
form an exoskeleton supporting the vaulted Main

(c) Sectional details
Figure 7.15 Noman Foster's Sainshury Centre, Norwich,

Polyhedral-based structures—three-dimensional
versions of simple planar trusses—were pioneered
by Alexander Graham Bell in 1907, and developed
into more sophisticated space-frames by Max
Mengeringhausen in Germany in the 1940s and
Konrad Wachsmann in the United States in the
1950s. Buckminster Fuller invented the geodesic
dome, based on the triangulation of a spherical
surface, in the late 1940s. Steel lamella roofs,
consisting of intersecting, offset systems of parallel
ribs, have been used in hangars, stadiums, and
other long-span applications.

Figure 7.16 Javits Convention Center, New York

Later 20th-century versions of these forms
include the Javits Convention Center (1986) in New
York City by .M. Pei (figure 7.16), consisting of a
steel space frame used for both walls and roofs;
Fuller's geodesic dome for the USA Pavilion (1967)
atthe Montreal Expo; and the steel lamella Louisiana
Superdome (1975) by Sverdrup and Parcel Assoc.

Long-span masted tension structures, inspired
by 19th-century suspension bridge and 20th-century
cable-stayed designs, use steel rods in tension to
support horizontal roof surfaces. The Burgo Paper
Mill (1962) in Mantua, Italy, by Pier Luigi Nervi quite
literally mirrors the form of conventional suspension
bridges to create clear span spaces below its
suspended roof.

More recent masted steel structures exploit the
same principles, although their forms have become
less derivative of bridge design and more articulate in
expressing the exposed steel connections between
tension rod, horizontal beam, and vertical mast.
Notable examples by Richard Rogers include the
Fleetguard Distribution Center (1979) in Quimper,
France; the Inmos Microprocessor Factory (1982) in
South Wales; and the PA Technology Laboratories
(1985) in Princeton, New Jersey.

Southern Builder———
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Figure 7.18 Norman Foster's Renault Distribution Center,
Swindon, England.

Norman Foster's Renault Distribution Center
(1980) at Swindon, England, has a more complex
geometry defined by perforated, tapered beams,
masts, and tension rods. The Darling Harbour
Exhibition Center (1988) in Sydney, Australia, by
Philip Cox, Richardson and Taylor makes reference,
in its masted supports and steel outriggers, to the
adjacent maritime harbor and its associated nautical
motifs. The suppression of tension elements and
the elaboration of the mast into compressive "tree-
like" structural forms—first systematically studied
by Frei Otto—can be seen in several steel-framed
projects by Santiago Calatrava, including the BCE
Place Gallery (1992) in Toronto (figure 7.20) and
the Oriente Station (1998) in Lisbon (figure 7.19).
N SR
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Figure 7.19 Oriente Station, Lisbon
Figure 7.20 The BCE Place Gallery, Toronto.

In tensioned-membrane structures, steel cables
are combined with fabric membranes to create
extremely lightweight, long-span structures. Frei
Otto's tent structures for the German Pavilion
(1967) at the Montreal Expo and for the Munich
Olympics (1972) are landmarks in the development
of these forms. Two late-20th-century long-span
examples are the Georgia Dome (1992) in Atlanta,
engineered by Weidlinger Associates and based
on a patented "tensegrity" geometry defined by

(08)

triangulated steel tension cables and floating steel
compression struts. The Millennium Dome (1999)
by Richard Rogers in which the dome—historically
a compressive structure, shown in figure 7.21—is
transformed into a tensioned membrane by hanging
the steel cable net defining its domical surface from
an array of twelve inclined steel masts that penetrate
the membrane. Lightweight domical surfaces can
also be formed with membranes by mechanically
increasing the interior air pressure, as in a balloon:
an early example of such a pneumatic structure,
contained by a net of steel cables is the American
Pavilion at the Osaka Expo (1970) by Davis Brody
Associates. With the development of welded
connections—first invented in the late 19th century,
but not used in buildings until the 1920s— steel
beams and frames could more readily be designed
within the modernist syntax of interpenetrating line
and surface, uninterrupted by gusset plates, bolts,
or rivets. The buildings of Mies van der Rohe at IIT
in Chicago illustrate this type of abstract welded
steel expression, most dramatically in the exposed
parallel portal frames of Crown Hall (1956). Later
projects from the 1960s and 1970s, influenced by
Mies' work, include Roche and Dinkeloo's Cummins
Engine Company plant (1966) at Darlington,
England; the Reliance Controls plant at Swindon,
England (1966) by Team 4 (including Norman
Foster and Richard Rogers); and Skidmore, Owings
and Merrill's Republic Newspaper Plant (1971) at
Columbus, Indiana. Functional requirements, for
example the need for delighting in the immense new
factory buildings of the steel, automotive, and aircraft
industries, could also be addressed using welded
steel frames, angled, or stepped to accommodate
monitor skylights. Such bent frames can be found in

Figure 7.21 The Millennium Dome, London.
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Albert Kahn's Chrysler Half-Ton Truck Plant (1937)
in Detroit and, more recently, in Helmut Jahn's
Terminal One Complex for United Airlines (1987)
in Chicago, the latter project utilizing clusters of
tubular steel columns supporting perforated steel
beams that define skylit, linear public circulation
spaces within the terminal. Curved, welded ribbed
frames are used at an even more monumental
scale in Rafael Vifioly's Tokyo International Forum
(1996), defining an immense elliptical tied-arch
roof supported by two centrifugally-spun steel pipe
columns 400 feet (124 m) apart.

Case Study

The David L. Lawrence' convention
center in Pittsburgh, USA:

Cable —stayed design to create the largest clear-
span convention space.

Architect: Rafael Vifoly architects.

The 20-year-old center was located on a site
adjacent to the Allegheny River that is surrounded
by Penn Avenue, a Street, and the railroad, and
there was a proposal that would expand the existing
facility beyond these site boundaries, the total site
area to encompass is approximately 450,000 sq ft

A1 ONE D)\

Figure 7.22 David L. Lawrence' convention center in Pittsburgh, USA Elevation
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Allegheny River in Pittsburgh, Pennsylvania is the
new David L. Lawrence Convention Center. A sail-
like roof is suspended from steel cables over the
four-story riverfront building, See figure 7.21. The
sweeping roof channels river breezes and creates
a degree of natural ventilation that is extraordinary
for a building of this type and size. The 1.4 million-
square-foot (130,000-square-meter) convention
center is expected to become the largest building
yet to be certified as "green" by the U. S. Green
Building Council through its Leadership in Energy
and Environmental Design (LEED) rating system
(LEED certification is based on criteria such as site
selection, water and energy efficiencies, and use of
nontoxic and recycled building materials).

uine
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In particular, three sustainable design strategies
— natural ventilation, natural lighting, and water
efficiency — were ~7 -
developed by the
local architecture and
engineering firm Burt
Hill Kosar Rittelmann to
cut energy consumption

30 percent compared E 2.5°
to that of similar but i o g
more Conventiona”y Figure 7.23 David L. Lawrence' convention center

in Pittsburgh, USA
engineered facilities.

Aerial view
Natural Ventilation

To promote cross ventilation, the building takes
advantage of the "chimney effect" created by the
sweeping roof as seen in the figure 7.23 and of
convection currents from the river. Vents in the
building's north and south facades allow outside air
to flow through the building without requiring fans or
other mechanical systems. This provides efficient air
circulation when outdoor temperatures are between
45°F and 65 degrees Fahrenheit (7 and 18 degrees
Centigrade). The building has a weather station
near the roof to measure air temperature, humidity,
and wind speed and direction. When conditions are
perfect, the 20 air-handling units serving the exhibit
halls shut off, the vents open, and outside air flows
into the exhibit area.

The convention center also uses natural
ventilation to flush air from the exhibit halls at night
during warmer periods, which further reduces the
time during which the conventional cooling system
is needed. Natural ventilation saves 3.8 million kWh
of electricity a year.

Fabric Ducts

One of the most innovative elements of this

system is the fabric ductwork (figure 7.24). Burt

Figure 7.24 David L. Lawrence' convention center in
Pittshurgh, UsA

Interior view

=
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for the HVAC system to reduce the total airflow
and fan energy requirements. By reducing the air
requirements, such a system would also reduce the
required duct sizes.

They further recognized that they could reduce
the duct sizes even more by using two ducts at
each bay, one on either side of the bottom cord of
the truss, and by feeding the ducts from both ends.
In addition to contributing to the aesthetic that the
architect was trying to achieve, the low-temperature
air system reduces duct costs and fan energy by
approximately 40 percent.

As the design progressed, it became clear that
there would be considerable movement in the
building structure, especially in the roof. Another
complication was that even the smaller ducts were
quite heavy because double-wall duct insulation
was being considered for appearance and to avoid
condensation. It was also difficult to find diffusers
that would deliver low-temperature air and meet
aesthetic expectations.

They realized that fabric ducts would solve
several of these problems because of their lower
weight and because they can easily flex with building
movement. Moreover, they can be designed with a
specific porosity allowing them to "bleed" a controlled
volume of air. This bleeding creates a microclimate
around the duct that prevents condensation. The
fabric duct manufacturer designed a ‘hole’ pattern
for delivering supply air to the space, in an even
distribution without drafts.
provided a computational model to demonstrate
this performance. Their solution reduced the cost of
structural support, sheet metal, and diffusers.

When the lighting designers, Lam Partners, saw

The manufacturer

the fabric ducts, they decided to develop a lighting
scheme that would highlight the translucent fabric,
further enhancing the visual effect. The architect
then designed a support system for the fabric ducts
and the lighting.
Natural Lighting

Clear story windows where the walls and roof
meet and long, 6-foot- (1.8-meter) wide ribbon

(10)

Figure 7.25 David L Lawrence' convention center in
Pittsburgh, USA

Naturallighting

skylights (figure 7.25) covering 10 percent of the
roof area provide daylight for 75 percent of the
convention center's exhibition space. This glazing
is projected to save 9.5 million kilowatt-hours of
electricity per year.

In addition to its aesthetic appeal, daylight can
boost business. A recent study by the Heschong
Mahone Group for the Pacific Gas and Electric
Company suggests that using day lighting in trade
or commercial exhibits can increase sales on a
convention floor by about 40 percent.

Water Efficiency

The taps
Pittsburgh's "fourth river," the aquifer that runs
beneath downtown. This source provides make-
up water for the convention center's refrigeration
system cooling towers, reducing the demand for
water from the city water system.

Lawrence Convention Center

Pulsed-power treatment of the cooling-tower
water to eliminate bacteria without chemicals further
reduces the demand for city water. This design will
save an estimated 1.8 million gallons (6.8 million
liters) of water annually.

The convention center uses recycled water for
toilet and urinal flushing. The water is conditioned
by an aerobic digestion and sub-micron filtration
system. The effluent is totally colorless and odorless.
With final ultraviolet light treatment, the effluent has
been treated for everything but viruses. The system
recycles 50 percent of the building's water and will
save an estimated 6.4 million gallons (24 million
liters) annually.

In November, 2003, the convention center was

=)



the site — and a focus of attention — of the Green
build International Conference and Expo, which
brought thousands of green building professionals
from around the world to take a close look at the
center's design.

Structural Details:

The facility also features the largest column-
free space in the United States. In order to create
this space, the design team investigated long-span
structures, and chose to integrate suspension
bridge design principles to create the clear span.
The structural design of the building was developed
to minimize the requirement of concrete anchorages
typically used in suspension bridges to resolve the
massive tension forces in the supporting cables.

The building structure evolved to accommodate
both the program needs and the major internal loads
developed by the tension-cable roof structure. The
anchorages at the ends of the cable are major steel
frames that transfer roof-tension loads and form the
floor and roof support of the building structure. A
key principle of structural design is the resolution
of these height-tension forces within the building
framework, eliminating the need to resolve the forces
through costly foundation works. This was efficiently
achieved using the steel trusses, convention-floor
supporting beams and a tension grade beam. The
lateral stability of the building structure is achieved
using the main vertical- circulation concrete cores
located on either side of the main exhibition
floor. Lateral loads imposed on the building are
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transferred through the floor plates via diaphragm
action to the main concrete cores. The vertical
load-bearing structure supporting the floors and roof
vary in material choice and technique, depending
on efficiency, economy, and application.
Firm Foundation

The underlying soil conditions beneath the
building are generally a mix of gravel and marble
with fill in areas to a depth of 60’. The site is close
to the river, and historically was used as docks
and railroads. Many hidden obstructions required
removal, such as concrete foundations of the old
elevated railroad. The ground investigation survey
detailed the depth of rock strata between 50’ and
70’, depending on location. The strata were suitable
for piles or caissons. A deep-foundation system was
used for the convention center as a result of these
recommendations, the frequency of the required
foundations, and the required high column loads. An
analysis of piles versus caissons revealed the most
suitable solution to be caissons due to the large pile
groups requiring a prohibitive pile-cap cost. The
caissons primarily take vertical gravitational loads
generated from the structure above. The large
tension loads developed in the cable roof structure
are resolved within the steel frame and therefore
do not require resolution through the foundation
system. The caissons vary in diameter from 1’-6”
to 7°, with the larger caissons carrying up to 4,000
tons. Concrete grade beams spanning between the
caissons were used to pick-up external envelope
conditions and elevator pits.
Steel Frame

On each of 15 framing lines, there are major
frames to the north and south of the building
known as the bow and stern frames—a nod to
their resemblance to parts of a ship (figure 7.27).
Their configuration supports the main floors, and
they are the anchorage mechanisms for the main
cable roof. As a result of the loads induced by the

Water feafure
Entrance lobby
Prefunction area
Lower exhibition halls
Main exhibition halls
Mesfing rooms
Lecture rooms

¢ Pedastrian bridge
* Servioe bridge

1 Service corridor
u Promenade

1 Riverfront terrace
u Cityterrace

w Loading dock

15 Parking garage

w Administration

w Kitchen

w Main ballroom

w Junior ballroom (for
future hotel)

Figure 7.26 David L. Lawrence' convention center in Pittsburgh, USA

roof structure, the members within these frames
frequently are beyond the capacity of domestically
available rolled steel sections. This led to the
need to detail plated W sections often in excess
of 500 Ib/ft. The method of plating sections was
preferred so steel could be sourced domestically as
opposed to using jumbo sections mostly available

w\ (11)
(M)
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Figure 7.27 David L. Lawrence' convention
centerin Pittsburgh, USA

Stedl frame

overseas. The total weight of steel in the building
structure exceeds 18,000 tons. The bow frames
are approximately 120 tons and the stern frames
200 tons each. The tension generated in the roof
cables and then transferred through the bow and
stern frames results in a net force pulling these two
frames toward one and other. This force is resisted
by a strut used between the bow and the stern at
the second-floor level. This compression strut also
is used to support the exhibition floor system. The
strut is a fabricated phase box girder and weighs
800 Ib/ft. The framing between the bow and stern
frames forming the floors is generally deep-rolled
W sections, which, in turn, support concrete double-
tees on the stern and concrete/metal deck in the
bow. Above the main stern frame, the structure
changes to a steel beam-and-post system, more
traditionally formed in building structures. The
floors at the 4th and 5th levels are metal deck on
steel beams, and concrete cast to a thickness of
674". As a result of the large-scale displacements
experienced by the structure during the erection and
tensioning of the cable structure, it was necessary
to develop a sophisticated articulating joint in the
steel frame between the bow and the second-floor
compression strut. The function of the articulating
joint was to allow transfer of the compression forces
while facilitating the rotation of the bow frame during
erection.

Floor Structure

The frequency of the main structural frames at 60’
on centerresulted in the need for a floor structure that
could efficiently span these distances. In addition,
the requirement for the 2nd-floor exhibition space
is particularly demanding in terms of the 350 psf
live-load criteria. The adopted solution to meet this
demand and others relating to cost, schedule and

(12)

ease of construction was the use of precast double-
tee sections. The double-tees were designed
specifically for the high loadings at 36” deep. The
tees are supported on the steel structure at every
frame line. The large displacements of the structure
during roof tensioning had to be incorporated into
the detailing of the precise double-tees. Each tee
had to effectively transfer shear between it and the
adjacent tee while simultaneously facilitating the
axial shortening of the supporting beam. A simple
folded-plate shear connector was developed by
the team that offered a very cost-effective solution
to a complex problem. The tees are topped with
3” concrete to provide the required diaphragm
action across the floor place and to provide the
finished surface. (For information on where to
purchase concrete plank and double-tees, please
see the concrete plank product listing on page 63
of this issue.) In order to maximize the economics
of using pre-cast for the main 2nd-floor exhibition
space, it was decided to adopt pre-cast columns
and structure to form the floors between the stern
frames.

Cable Roof Structure

In order to achieve the clear spans over the 2nd-
floor exhibition space, the cable structure, see figure
7.28, proved a more efficient solution than that of a
steel-truss long span structure. The economics of
this suggest that 300’ to 350’ cable roofs are very
competitive mechanisms for achieving long spans.
A main cable spans on every frame line between
the bow and stern frames of the structure, to which
they are anchored using
large plate weldments.
The main span of the
roof varies between 330’
and 420’ along the length
of the building. The cable
roof consists of an upper
cable spanning from the
anchorage weldment on
the bow frame over a
central mast (increasing
in height between frames
1 to 15) and down to an
anchorage weldment at e — ——
the third floor of the stern Plashugh ush

Cable roof structure detail
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frame. The upper main cable supports lightweight
steeltrussesthatspan perpendicularlytothe adjacent
cable. These trusses are at 10’ on center down the
slope of the roof. A standing-seam stainless-steel
roof spans between the steel roof trusses to form
the roof surface. The upper cable is prevented from
uplift by the action of the lower dampening cable.
The lower cable is reflected arch of the upper cable.
Each cable induces tension on one another via
vertical hanger cables, the mechanism by which the
main upper and lower cables initially are tensioned.
The resulting tensioned cable truss has stiffness
and limits the overall vertical deflections of the roof.
The tension developed in the roof cables exceeds
2,000 tons.

Figure 7.2 David L. Lawrence' convention
center in Pittsburgh, USA

This force is resolved through the steel bow and
stern frames and is resisted by a couple generated
between these two steel frames. This couple is the
compression induced on the exhibition floor and a
steel tension grade beam buried below the grade
slab. The exhibition floor resists the compression
via a large plate girder, which carries the pre-cast
double-tees forming the 2ndlevel exhibition floor,
andresists the equivalent of 2,500 tons of permanent
compression induced by the couple action.

Cable Wall Facades

The gable ends of the building required a glass
facade that not only could accommodate the large
deflections experienced by the roof, but also could
deal with the curving geometry between the building
and the roof structure. The first of these challenges
was addressed by combining the mullions of
the fagade with the roof structure. By dropping
vertical cables at every proposed mullion position
and by tensioning them between the flexible roof
structure and the rigid building structure, the live-

(12)

load deflections of the roof structure were reduced
from 3’ to less than 6”. This made the head gasket
detailing significantly less complex. The tensioned
vertical hangers could then be used as the wind-
load support for the facade glass panels. The
facade panels used are unitized and therefore the
detailing between each adjacent panel had to be
such that the large out-of-plane deflections could be
accommodated without compromising the weather
seal. This flexible cable wall, using insulated glass
panels, is a world first that provides a mullion-free,
large spanning glass wall.

Waterloo International Terminal
Client: British Railways Board — European
Passenger Services Ltd
Location: London, United Kingdom
Completion: 1993
Size: 60000 sgm
Structural Engineers: YRM Anthony Hunt
Associates, Cass Hayward & Partners with
Tony Gee & Partners, British Rail Network Civil
Engineer, Sir Alexander Gibb & Partners
Services Engineer: J Roger Preston & Partners
Cost Consultant: Davis Langdon & Everest
The International Terminal Waterloo is a

multifaceted transport interchange: a railway station,

which, in essence, functions like an airport. Located
in central London, it is situated in a constrained
urban setting accessible by road and rail, yet copes
with the demands of 15 million international rail
passengers per year

The brief for this project was to build a

'streamlined terminal' through which passengers

could pass with the minimum fuss at maximum

speed. The allocated site, adjacent to the existing
national rail station, was only just wide enough to

Figure 7.30 Waterloo International Terminal
View of the concourse
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accommodate the necessary five tracks. Limited by
live electric rails on one side and shallow London
Underground tunnels beneath, the terminal needed
to be 'streamlined' structurally, as well as in terms
of its internal organization, in order to meet its brief.

Figure 7.31 Waterloo International Terminal
Roof design

The International Terminal Waterloo was
designed to be a monument to the new railway age
heralded by the advent of cross-channel rail travel in
Britain. To this end, it complements the neighboring
Waterloo Station, but retains its own distinct identity
signified, primarily, by its 400m long roof.

The roof (figure 7.31) is a feat of technical skill,
its asymmetric form responding to the dictates of the
site layout, specifically the westernmost track over
which the roof must rise more steeply in order to
accommodate the height of the trains. This western
side is clad entirely in glass with the structure of
the roof clearly expressed. Facing onto the main
access road, it provides arriving passengers with
an impressive view of Westminster and the River
Thames and passers-by with a panorama of the
400m long Eurostar trains.

Structurally, the roof takes the form of a flattened,
three-pin, bowstring arch, with the centre pin moved
to one side (allowing for the undulation in height from
west to east). It is a necessarily complex structure
designed to a long, sinuous plan that narrows from
50m at the concourse to 35m at the platform end.
The cladding system is accordingly flexible, with
a limited range of variably sized sheets of glass
placed in an overlapping configuration that can flex
and expand in response to the roof's various twists
and turns.

The roof is the architectural focus of the Terminal

(1a)

and its magnitude belies the fact that almost 90%
of the project is concerned with work carried out
underground. This comprises the brick vaults
underneath the mainline station, (refurbished to
accommodate back-up facilities such as catering
suites), a basement car park spanning the
Underground lines and a two storey viaduct. Sitting
on the foundation of the car park 'raft', this viaduct
serves to support the platforms and accommodates
two floors of passenger facilities: Departures and
Arrivals.

The internal organization of these two floors
has been arranged with the easy orientation of
passengers as a priority. Departures and Arrivals
are assigned a level each, to encourage a single
direction of passenger movement on each floor. For
all customers, there is a clear, linear progression
from their point of arrival in the terminal to their point
of exit. Glazed escalators and travelators link each
level with the platforms, their direction changeable
dependent on whether a train is arriving or departing.
Passengers leaving for Europe are carried up one
level to enter the train while those arriving are
carried down two storeys into the double-height
arrivals concourse (figure 7.30 & 7.32), which, in
turn, opens directly on to the street.

Figure 7.32 Waterloo International Terminal
Western side view of the concourse

International Terminal Waterloo was completed
in May 1993, within budget (£130m) and at no
disruption to national rail services running from
Waterloo Station. Since its completion, it has won
a number of architectural awards, including the
Mies van der Rohe Pavilion award for European
Architecture (1994) and the RIBA President's
Building of the Year Award (1994).
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Tax Corner

Hm. S.D. sewreuorem |
Taxation Committee [\

Key Income Tax Law Changes Effective April 1, 2025
Revised Thresholds (Effective April 1, 2025)
The Central Board of Direct Taxes (CBDT) has increased TDS
threshold limits across multiple sections:

Tax Deduction Changes - April 1, 2025

Section | Description Before April 1, 2025 | From April 1, 2025

193 Interest on securities NIL 10,000

194A Interest other than Interest on 50,000 1,00,000
securities (senior citizens, banks)

194A Interest (others with bank, 40,000 50,000
cooperative society, post office)

194A Interest (other cases) 5,000 10,000

194 Dividend for individual 5,000 10,000
shareholder

194K Income from mutual fund units 5,000 10,000

194B & | Winnings from lottery, horse race | 10,000 (aggregate} | 10,000 (per

194BB transaction)

194D Insurance commission 15,000 20,000

194G Income from lottery tickets 15,000 20,000

194H Commission or brokerage 15,000 20,000

194-1 Rent 2,40,000 (financial | 50,000 (per month)

year)

194] Fee for professional /technical 30,000 50,000
services

194LA Enhanced compensation 2,50,000 5,00,000

194T Remuneration to partners NIL 20,000

(1% )
()
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If Aggregate Turnover / Gross Receipts / Total Sales during FY
2024-25 exceed Rs.

Related to Income Tax

* Rs.50 Lakhs (Individual or HUF having Income From Profession) then TDS will be
Applicable on Profession related Expenses w.e.f. 01/04/2025

* Rs.1 Crores (Individual or HUF having Income From Business) then TDS will be Applicable
on Business Related Expenses w.e.f. 01/04/2025

¢ Rs.10 Crores then TDS u/s 194Q will be Applicable on Purchase of Goods w.e.f.
01/04/2025 (Threshold Limit Rs.50 Lakhs [Taxable Value Excluding GST])

Related to GST
* Rs.5 Crores then not eligible to opt for QRMP (Quarterly Returns with Payment) Scheme in
GST w.e.f. 01/04/2025

* Rs.5 Crore then 6 digit HSN/SAC code mandatory for all supply (B2B and B2C) w.e.f.
01/04/2025

* Rs.5 Crore then e-Invoicing applicable w.e.f. 01/04 /2025

Is it mandatory to restart GST Invoice Number from 1 in every

Financial Year?

To understand the legal aspect of this, we need to look at Rule 46(b) of CGST Rules, 2017
which deals with Tax Invoice Numbering in GST.

Rule 46(b):
Rule 46 - Subject to rule 54, a tax invoice referred to in section 31 shall be issued by the
registered person containing the following particulars, namely,

(b) a consecutive serial number not exceeding sixteen characters, in one or multiple series,
containing alphabets or numerals or special characters-hyphen or dash and slash
symbolised as “-” and “/” respectively, and any combination thereof, unique for a financial
year;

Upon reading the above rule, you can see that it imposes mainly two mandatory
requirements on the taxpayer for GST Invoice Numbering, which are:

——Southern Builder = 16 ', )



1} 'Consecutive’
2) 'Unique’

What is Unique Invoice Number?

1) For example, if you have raised Invoice Numbers from 1 to 3056 in FY 2024-25 then you
can start your invoices from 3057 in FY 2025-26. Because by doing so, your invoice
numbers are still unique for each year and there is no duplicacy and conflict between the
invoice numbers of each year.

2) But if you want to start invoice numbers afresh from 1 again in new financial year, then
you can do so by adding a unique prefix or suffix in each year to your invoice numbers e.g.
2024-05/1 or 2025-26/1 or 1/2024-25 or 1/2025-26 etc. This way you can start from
invoice number 1 in each year and still your numbers will be unique.

What is Consecutive Invoice Number?

1) Consecutive means you cannot skip numbers in between or jump to some random
forward number as per your choice for generating invoice.

2) Invoice numbers should be in ascending order according to the invoice issued and dates
of invoices.

3) For example - You cannot issue invoice no. 3 directly after invoice no. 1, by skipping
invoice no.2. Though you may cancel invoice no.2 for valid reasons to be recorded.

Other Requirements?
There are some conditions like:

1) Invoice number cannot exceed 16 characters.

2) Multiple series can be used if required e.g. one for online sales, one for offline sales, one
for branch 1, one for branch 2 etc. depending on your requirement.

3) Invoice numbers may contain alphabets or numbers or special characters- hyphen or
dash and slash symbolised as “-” and “/” respectively in any combination.
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Important GST Complainces for FY 2025 - 26

This is to bring to your attention some important changes in GST regulations applicable for
the financial year 2025-26 (effective April 2025}. Please review the key updates below
and take necessary action accordingly.

Key GST Changes for FY 2025-26:
1. ISD (Input Service Distributor) Compliance:

o Distribution of ITC related to common input service invoices received for or
on behalf of branches is now mandatory through ISD registration.
o Cross-Charging for invoices received on behalf of branches is not allowed.

2. E-Invoicing Applicability:

o E-Invoicing will be mandatory if aggregate turnover exceeds Rs. 5 crores in
any financial year from 2017-18 to 2024-25.
o E-invoices must be generated within 30 days from the original invoice date.

3. Letter of Undertaking (LUT) Renewal:

o Businesses engaged in exports and SEZ supplies (without payment of
GST) must renew their LUT for 2025-26 on the GSTN portal.

4. HSN/SAC Code Requirements:

o 6-digit HSN/SAC codes must be mandatorily reported on all B2B and B2C
invoices.

5. Invoice Series Compliance (As per Rule 46 of CGST Rules, 2017):

o New invoice series must be adopted from April 1, 2025 onward.
o Invoice numbering must:

a. Follow a consecutive serial number (up to 16 characters).
b. Bein one or multiple series.

c. Contain alphabets, numbers, or special characters (hyphen- or
slash/).

d. Be unique for the financial year

o Invoice numbers should follow a continuous sequence for the entire
financial year (not month-wise).

Please ensure compliance with these changes to avoid any penalties or operational
disruptions.

iy
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p PETHI AGENCIES

- 50% OFF
“DISCOUNT

ON ALL HOME APPLIANCES

96770 95581 / 96770 68581 / 97907 90657

AP720, Ground Floor, H Block 1st Street, 12" main road,
Anna nagar West, Chennai 600040.
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(@] [Regd. No. TN/ICCN/467/2012-14,
GOVERNMENT OF TAMIL NADU [R. Dis. No. 197/2009.
2025 [Price: Re. 0.80 Paise.

TAMIL NADU
GOVERNMENT GAZETTE

EXTRAORDINARY PUBLISHED BYAUTHORITY

No. 130] CHENNAI, MONDAY, MARCH 24, 2025
Panguni 10, Kurothi, Thiruvalluvar Aandu-2056

Part Il—Section 2

Notifications or Orders of interest to a Section of the public
issued by Secretariat Departments.

NOTIFICATIONS BY GOVERNMENT

MUNICIPAL ADMINISTRATION AND WATER SUPPLY DEPARTMENT

Cures, Gevias, sdafumgudl, msdlf, Carpad, swinrd whgh Cuasgimg 7 B sarm A
wsirpEsseoar (Municipal Councils) asnudg) 3 gandgsd syeansd Gaslid (LEADS.

{spensaem §flme) mover. 39, soym. o Bamed win @yl vepees (0506 g, 24 we 2025,
iigall 10, yE@ms, dloesigmey sy ainE-2056.]

No. [I{2)/MAWS/253(b)/2025.

In exercise of the powers conferred under clause (d) of sub-saction {2) of section 3 of the Tamil Nadu
Urban | ocal Bedies Act, 1998 {Tamil Nadu Act 9 of 1888), the Govemor of Tamil Nadu, after considering
the abjections and recommendations received, hereby declares the entire local areas specified in column
(2} of the Lable below as municipal coundils, the intention of the same having been prewiously published, as
required under sub-section (1-A) of section 3 of the said Act

THE TABLE

S No. Name of the Local aress
(1) : (2
1 Polur Town Panchayat
- Chengam Town Panchayat
Kanniyakumar| Town Panchayat
Sankagiri Town Panchayal
Kothagiri Town Panchayat
Avinashi Town Panchayat
Perundurai Town Panchayat

Based on the above consfitution, wards will be divided for the next General election.

M

bl Eod e R

D KARTHIKEYAN,
Pmog:ra! Saﬁra:ary fo Government.

PRINTED AND PUBLISHED BY THE COMMISSIONER OF STATIONERY AND PRINTING, GHENNAI
112 Ex. (130) ON BEHALF OF THE GOVERNMENT OF TAMIL MADU
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Southern Centre Activities

06.03.2025 - 07.03.2025
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glwuuglufled ypglrm wrple SL_QBT FrssSSlear 2 usfiufled peL CuDDS. Yslo @QbShwu
(peTRTTeT  SEeVal(hd STULITeT(HoTeT Lajwom  Flk. R. @Qursralmajewret, sTLLITerT
ppib YyHew @B  (paierTar Seweweur . Mu. Gumser, e QUBSI FewenTs
sanevauii sl(. R. Aeuds@Lomr, wunugsenevaur sli. N.G. GeuTSBTSHewt, LOHMILD LOWILI BIT6UTSHSH6T,
Qe ewr_ev GFwevmari . L. CamsGLser wmplevsd GFwevmeri . K. GeumisGL_&err,
(PTRTTAT  LOLIIGSSEHGUTHAT, (LPRTRTTOT  STLILITGTTS6T, O ewewrsdd MC/GC

2 piLiflesrrser 6Ll OHTewwTL_GuTIT.

15.03.2025

OFaTenarT iTHDHE AUATTHSH6D Bewl_OLDD Beugsemm GrmL L g &FE&E LOTeUL L LOTHTL I§6)
Qerifled Fmips FAvps Gsemaisstear GasGsapare Fialad auri® BLOG 9Flev
Qs (perarTer Semevaur Liagom . R. @QUrsTl(hayenTar ojeuisH@ns@ QLPEISLILIL L g
QuEiaflprailed sTLLTer PP HYHe QS (eTeTTeT Sewevaur Fl@. Mu. Gomser,
weiarrer  sTUumert Fm. K. @umworenigs, wunugsemevaur glw. N.G. Garsprset,
s GFwereri . K. CarUlprset, wpairermer wunuggsemevarsear Fm. S. @umoLiflry,
sl@p. L. FThs@GLmT. wogid i 2 prilerisear &bl OTewTL_6ur.

26.03.2025

Gsarenest s ITl wrewmreaursenssstss Civil Draughtsman CADD wpmib REVIT 3D Architecture
uulpduyd oyewiewt pagled 2.aier CADD LAB plmieuenrssmrg wwlpd] wuwiggled vulns)
QULPEIS oG LowuSSlermed gpur® GFwuliu L &. @Quiuuins 60 prL_ser penL_GLIpajeTers).
QuiLilpSuiled oL, Hewity, wHmib CFer Glsaienar s ITILWDS) Lerer LomewTarser
G 100 uulps) Gupm eumEles peurr.

21.03.2025 9yesrm Hotel Radisson Blue—eb Louiwiggenaveurt opmitd Lol Blireursser o LigFglrifle
12aug Gewupgp wHpid CUTSHISESLY Tl L b B _GLIDDS).
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ADVANTAGE YOU.

Own your Mercedes-Benz GLC the smart way with STAR Agility +

*EMI starting from X75 000
with a Down Payment of 15 Lakhs

Avail attractive *ROI starting from 7.49%, available only in April 2025

TITANIUM MOTORS - A VST Group Company: +91 96000 66579

City Showroom - Anna Salai | South Chennai Showroom-Thoraipakkam | Pondicherry & Vellore
Workshop - Perungudi. www.titaniummotors.mercedes-benz.co.in




IN BLUE METAL, M SAND, P SAND MANUFACTURING

10 YEARS IN SERVICE - EXPERIENCED TEAM - HIGH QUALITY STANDARDS - 3 MANUFACTURING FACILITIES
« CRUSHERS IN CHENNAI AND KANCHIPURAM - WIDE RANGE OF PRODUCTS

OUR PRODUCT RANGE

20MM BLUE METAL AN C. WET MIX AND GSB

"PSAND

( PLASTERING SAND )
e

JRS Blue Metals - No:655A, Agaram Main Road, Thiruvanchery, Chennai-600 126. Contact : +91 99944 77677 | +91 99526 61393
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+91-9940425556
sales@aadhitiindustries.in

TENSILE MESH www.aadhitiindustries.in

Secure Your Property with
Aadhiti Industries' Durable
3D Fence Panels -The Ultimate Solution for Safety and Style




"~ GOPRO

~ INFRASTRUCTURE
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HIGH PERFORMANCE

UPVC WINDOWS, DOORS & VENTILATORS

SPECIFICATIONS ———

e 63 mm Profile

® Saint Gobain Clear Glass

* JSW Reinforcement 1.2 mm

¢ 2.6 mm Friction Stay With SS Screws
¢ EPDM Gasket

« 10 years Replacement Guarantee for

l 4*K  profile and Gasket
__ e AMC for 3 Years
" e Other Shades Also Available

/e & ® ®

DUST FREE WATERPROOF NOISE FREE NOTERMITE ECONOMIG

CRUSHER ROAD, PONMAR, PERUMBAKKAM,
CHENNAI, TAMIL NADU 603103

EMAIL: MANAGEMENT@GOPROINFRA.COM
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n Meridian
Hospital

THE FAMILY HOSPITAL

First & Only Comprehensive Cancer Care Hospital
to have Radiation Oncology Department

in North Chennai.

The most Comprehensive
Cath lab & Cardio Thoracic Department

in North Chennai.

24/7 (Angio, Angioplasty) Bypass Surgery, Valve Surgery

Chemotheraphy & Cancer Surgery, Radiation Therapy

State-of-the-art Critical Care Unit, Round-the-Clock ICU Specialist

Knee & Hip Replacement, Accident & Plastic Surgery

Laparoscopic Surgeries, Colonoscopy & Endoscopy

YV vV VvV V Vv YV

Kidney Transplantatio & Dialysis

sls

Times of India Ranking

# 4" in Orthopedics among
Chennai Hospital

# 10" in Multi Speciality Hospital
South India
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Block 46D, 200 Feet Inner Ring Road, Kolathur, Chennai - 600099. |
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Applications ROADS, DAMS, CANALS & WATER WAYS

AT et

SCHWING Stetter (India)Private Limited

Reg. Off. - F71/72 SIPCOT Industrial Estate, Irungattukottai,

Sriperumbudur, Kanchipuram District - 602117, Tamil Nadu, India.
Contact/Whatsapp- +9191766 01882 Toll Free : 1800 123 1479

Email : enquiry@Schwingstetterindia.com Website : www.schwingstetterindia.com




