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INDIA: VAULT AND DOME
STRUCTURE AT THE INDIAN
INSTITUTE OF TECHNOLOGY
NEW DELHI

Project Data
Location: New Delhi.
Client: Passive Solar Architecture Group,
Centre of Energy Studies, Indian Institute
of Technology, New Delhi.
Sponsors: GTZ (German Agency for
Technical Operation, Eschborn); INTI
KFA Jiilich, Germany; lIT Delhi;
Research Laboratory for Experimental
Building, University of Kassel, Germany.
Architect: Prof Ing. Gernot Minke, Kassel,
Germany.
Collaborator: R. Muthukumar, New Delhi.
Energy Concept: Dr. N. K. Bansal, Centre
of Energy Studies, liT Delhi.
Area: 115 sq. m.

T

he office building for the
Passive Solar Architecture
Group of the Centre of Energy
Studies at the Indian Institute of
Technology, New Delhi demonstrates
that it is possible to save 30 per cent of
building costs and about 66 per cent of
energy costs by utilizing vault and dome
structures of stabilized soil blocks and
installing an earth tunnel system for
climatization.
The techniques accommodate the use of
local craftsmanship and local clay soil, and
avoid energy and cost-intensive building
components such as reinforced cement
concrete.
The building was realized within a
research and development project
financed by GTZ (German Agency for
Technical Operation, Eschborn) with the
support of INT/KFA Jiilich, Germany;
liT Delhi and the Research Laboratory for
Experimental Building at the University
of Kassel, Germany.

Design
The building provides office and
laboratory space for a research group as
well as a central hall which acts as a multipurpose room for meetings, seminars and
exhibitions.
The general form of the buildings
consists of three domes and three vaults .
Vault and dome covered rooms have
several advantages over conventional
designs with flat roofs:

- For a constant volume the height of
a room is higher. This increased height
helps in better ventilation and gives
more thermal comfort.
The skylights provide more light, the
curved ceiling provides equal
distribution of light. As less window
area is needed, the heating and cooling
loads can be reduced.
As the shape of the vaults and domes
is structurally optimized, no bending
forces occur in the structure. This
means no reinforced cement concrete
or steel structure is necessary. (An
Indian bricklayer has to work three
days in order to earn the money to buy
one bag of cement.)
The construction techniques avoid
shuttering, save construction time and
require no skilled labour.

Construction Technologies
The three vaults with a clear span of 2.9
metres and a height of 3.6 metres were
built from adobes (unburned soil bricks)
without form work, according to the
traditional Nubian technique, used for
thousands of years in Upper Egypt. The
brick arches are not vertical, but placed
at an angle of70 degrees, leaning against
end walls. As the section is an inverted
catenary, all forces are transferred within
the thickness of the structure to the
foundation . This traditional technique
was refined on the basis of tests at the
Research Laboratory for Experimental
Building (FEB), University of Kassel,
Germany, by using tapered bricks to
reduce the amount of mortar and the
construction time by installing a system
of guide strings which are self-correcting
by counterweights for greater accuracy
and saving of construction time.
The adobe was handmade from the soil,
which was excavated for the foundations.
Due to the bad grading of the site soil
which consists of 3 per cent clay but
nearly 80 per cent silt, 4 per cent cement
was added. Adequate wet strength of the
adobe was therefore guaranteed.
The three domes were constructed with
compressed stabilized soil blocks in a new
technique, developed at the FEB , Kassel.
Experience shows that large semi-

spherical domes collapse due to the
tensile ring forces in the lower part of the
dome if not stabilized by additional steel
or reinforced cement concrete ring
anchor. So a form was chosen which
guarantees that only compressive forces
occur and that these forces are transferred
within the thickness of the dome structure
directly into the foundation. The section
of the domes is similar to a catenary and
an elliptic curve. Only the large
dome with a clear span of 5.4 metres
needs a small rcc ring beam, as it is
placed over octagonal vertical walls,
which serve for protection and exhibition
surfaces.
The domes are constructed using a
template, which rotates around a vertical
axis at the centre of the dome and enables
the blocks to be placed with great
accuracy (fig. 3). The stabilized soil blocks
were produced by the manually operated
block press Balram, produced by
Development Alternatives, New Delhi
(fig. 4) .
The material used was the soil
excavated for the foundation. As the
binding force was too poor (due to the
poor clay content of3 per cent) 6 per cent
of cement and 20 per cent of coarse sand
was added. Later tests found out that the
compressive dry strength was 2.8 n/sq.
mm. and the wet strength was 0.8 n/sq.
mm. As the safety factor for dry strength
was 42 and for wet strength was 12,
cement content could have been reduced
to 4 per cent.
A significant feature of the building is
the use of the corbelling bricks which
span the door and window openings, so
reinforced cement concrete lintels as used
in conventional buildings could be
avoided (fig . 5).
In order to protect the building against
rain a cow-dung mud plaster was used
(fig. 15), optimized in prior tests by the
FEB. (The mixture was one part silty soil,
one part cow-dung, one part coarse sand.)
It is important that after mixing the cowdung with water it had to stand for one
day in order to allow fermentation. The
dry plaster was painted (flooded) with a
hydrophobizing agent and withstood the
monsoon without any damage.
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2. Plastering sutface of the dome.
3. Construction of the dome.
4. Production

of stabilized soil blocks.

5. Interior of central hall (not yet
whitewashed).
6. Windows
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7. The domes from the west.

Energy Concept and Saving
Since the average temperature in New
Delhi is about 25°C, which is within the
comfort range, the thermal storage effect
of the earth is used for the climatization
of the building. It was calculated that the
temperature at a depth of 3.5 metres is
nearly equivalent to the average air
temperature and remains almost constant
throughout the year, whereas the ambient
air temperature in New Delhi usually
varies from about 45°C to OOC. The
ambient air IS blown by two fans through
stoneware pipes, which have a diameter
of 150 millimetres and a total length of
80 metres laid 3.2 metres below ground.
When the air enters the rooms its
temperature is nearly 25°C which can be
used for cooling in the hot season and
heating in the cold season. The air outlets
in the rooms are placed at floor level, the
exhaust of air is given by window
openings on one side of the rooms and
on the sky lights respectively, where the
hot air exhaust is fortified by the stack
effect.
It was calculated that the energy for the
production and transportation of all
building materials and elements of this
building was 149,400 kilowatts whereas

a conventional building of the same size
with a flat roof would have used 190,900
kilowatts. This means that the vault and
dome structure results in a saving of about
400 kilowatts per square metre.
The calculated necessary heating for 90
days and the cooling for 210 days in a
conventional house of same size needs
33,385 kilowatts of electrica~ energy;
whereas the two 2,500 watt ventilators
for the air-tunnel system only need
22,160 kilowatts. So two-thirds of the
energy for heating and cooling can be
saved.

Cost Savings
A conventional building with simple
installations would have cost 270,000
rupees: the'vault and dome building only
costs 210,000 rupees, a saving of 22 per
cent. As a prototype structure always
costs more, the probable saving with
multiple applications would be 30 to 33
per cent.
The cost saving due to design and
technology and the energy saving yield
in a pay-back period of total construction
costs of six to nine years (depending on
the price per kilowatt of electrical energy).
Exact monitoring of the energy input

is in progress and will be done over a
period of one year.
Outlook
Vault and dome structures constructed by
the two techniques described are not only
favourable for office buildings but also for
schools, hospitals and private homes,
especially in rural and suburban areas. A
whole settlement of single, double and
row houses utilizing the Nubian vault
technique, is currently planned for Mount
Abu, Rajasthan.
If governmental financing organizations would finance housing, school and
hospital projects for years in advance, all
construction costs could be repaid within
this period, simply by the saving of
energy.
ALL PHOTOGRAPHS BY GERNOT MINKE.
DR. GERNOT MINKE IS PROFESSOR AT THE
UNIVERSITY OF KASSEL, DIRECTING THE
RESEARCH LABORATORY FOR EXPERIMENTAL BUILDING AND RUNS A PRIVATE
OFFICE FOR ECOLOGICAL ARCHITECTURE.
DR. N, K. BANSAL IS PROFESSOR AT THE
CENTRE OF ENERGY STUDIES, liT DELHI,
AND DIRECTED THE PASSIVE SOLAR
ARCHITECTURE GROUP.
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