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INTRODUCTION

For almost seven decades, the author was in the field of civil and structural engineering, undertaking design,
experimental construction and consultancy practice as a structural engineer. This experience — the
challenges, opportunities and successes — is offered as an encouragement to the younger ones who follow.
Nearing ninety, the author still continues to write, teach, consult, proof-check design, and check the
construction process.

His research and development work was carried out at a time, in the sixties and seventies, when India was in
the grip of shortages. Mechanisation in construction was minimal, far removed from conditions in present-
day India. Being an R&D Engineer-Scientist, opportunities to acquire knowledge and to be exposed to
advances in technology were plenty, by visits to, and higher studies in, advanced countries around the world.
The article provides a summary of techniques developed, demonstrated and used in Indian construction
industry over the last few decades. These processes are to be looked at in the context of Indian construction,
focusing on minimum use of cement and steel, and on labour intensive processes.

All these developments were encouraged and guided by the stalwarts like Prof. G.S Ramaswamy and the
architect Prof. F.B. Pithavadian. The author had also the privilege to study concrete technology and
construction engineering under Prof. Y Guyon of CHEC, Paris and Prof. Ben C Gerwick of UC Berkeley, USA.
The processes described here were developed by teams in which the author was either the leader or a team
member.
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1 Funicular Shells

Funicular Shells are of a shape that makes the body of shell act purely in compression. Hence, very small
thickness can be chosen unreinforced, from 25 mm upwards. In small sizes up to 2 m x 2 m it can be cast onto
sagging fabric or on a mould of fixed geometry. If limited numbers are to be produced, sagging fabric fixed
on a frame is ideal. Larger size and large numbers can be produced effectively on erect moulds. For large-
scale construction in situ, single shells can be cast on formwork made to the shape. As the body of the shell
is free of tensions, no reinforcement is required. However, as the thickness of shell increases, concrete can
be partly replaced by filler blocks of burnt clay blocks between the ribs. Nominal steel to prevent shrinkage,
crack or for temperature resistance should be provided. Where dynamic or vibrating forces are present,
reinforcing by steel is a must (Figures 1 and 2).

These shell units in precast form were also manufactured at different locations at Government sponsored
building centres. Some examples of these are given in Figure 3.
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Figure 3: Funicular shell units in precast form

2  Moving Forms

Formwork or shuttering in RCC construction is the most time-consuming operation and costs up to 30% of
the cost of RCC. For cast in situ shells, folded plates in concrete this is far more critical. As part of R&D, several
systems of moving forms as shown in Figures 4 and 5, were developed and employed in actual construction.



Figures 4 & 5: Examples of moving forms

3 Precast Products

Ferro cement is very thin concrete used for small containers: as replacement to timber elements, as cup
boards and shelves. These are essentially light weight elements and precast products so developed and
employed.

4 Concrete Poles

Concrete Poles for low tension power lines is a large-scale requirement. Precasting in a centralized
prestressed factory and transporting them to far off places is a problem when building distribution lines for
electricity. A portable stressing bed was developed by the author to enable manufacture at centres in small
batches of 50 to 100. Anchored to ground the steel mould can act as stressing bed as shown on Figure 6.
Ordinary TMT bars can be used as tendons.

Figure 6: Concrete Poles



5 Plate Flooring

Plate Flooring is a faster technique to cast RCC floors, fully replacing the need for formwork. It can also be
termed as lost formwork. In this process the bottom layer of the slab is 50/75mm thickness is precast using
reinforcing cage as stiffeners. Slabs up to 4.5 m, span can easily be fabricated in width of 2.4/3.0m and
weighing less than 10 kN (see Figure 7).

Figure 7: Plate Flooring

These can be easily lifted and transported using light equipment and common trucks.

6 Cold Twisted Deformed Bars (CTD)

Before the arrival of the TMT bars in the late nineties, India was not in a position to import alloying elements,
or technology for producing higher grade bars with adequate ductility. R&D on the improvements of
properties of the mild steel bars were undertaken. A surface pattern of bars as rolled, and subsequently
twisted individually in a machine, was developed and patented under the brand GRIP Bars (see Figure 8).

Figure 8: Cold Twisted Deformed Bars

As an import substitution effort, it won the Silver Shield award from the Government of India. CSIR-SERC
earned substantial royalties from the process, late into the eighties. By then economic conditions eased and
India was able to import alloying elements and process for making TMT bars. Virtually no CTD bars are
produced now. TMT bars of grades up to Fe 550 with adequate durability are available and used extensively.

7 3D Space Frames

With increasing industrialisation, the requirement of large span steel structures is growing. The author’s
group at CSIR-SERC developed 3D space frames and braced domes. Patents were also obtained for the
process. Demonstration structures were also put up at different locations (Figures 9 and 10).



Figure 9 & 10: Examples of 3D Space Frames

Later in the author’s consulting practice several 3D structures up to spans of 97 m were designed and built

(see Figures 11 and 12). In all these large-span structures, construction / erection methods are to be carefully
designed and followed at site.

Figures 11 & 12: 3D Structures

Two dimensional elements will buckle under its own weight; making a 3D element before erection becomes

a necessity.

8

Prestressed Trusses

In the early efforts to replace steel with concrete as substitute to steel trusses, CSIR-SERC developed the
process of prestressing trusses. One of the first efforts was to install prestressed cantilever trusses for a
cantonment stadium grandstand at Roorkee, North India. Later the same process was used for a number of
industrial buildings. Post tensioning of parts of trusses as precast RCC segments was adopted (Figures 13 and

14).
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Figure 13 & 14: Prestressed Trusses
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9 Hyperboloid Shells (Precast)

Hyperboloid surfaces can be formed by straight lines in two directions for given diameters in the third
dimension (branded as Silberkuhl Shells in Germany). This was introduced to India through experimental
construction by CSIR-SERC at Chennai, back in the seventies, and later at several locations as part of the
author’s consultancy practice.

Figure 15 & 16: Precast Hyperboloid Shells

Both the RCC version for spans less than 10m and in pretensioned precast version were employed (Figures
15 and 16).

10 Prestressed Ceramics

Factory made hollow / cellular burnt clay blocks were being made in several mechanized brick factories in
India. These had a compressive strength higher than that of ordinary concrete used in RCC. Unfortunately,
engineers were not using this property. CSIR-SERC demonstrated their potential by making prestressed
ceramic slabs strips pretensioned at the SERC facility and using this in experimental construction at CSIR
Campus, Chennai and later for commercial applications (Figure 17).

Figure 17: Prestressed Ceramics at CSIR Campus, Chennai

The author had used the RCC version of this in building up the precast large panels in wall for large panel
prefabrication for state housing board at Chennai.



11 Lift Slab (PT Slabs)

‘Lift Slab’ (PT Slabs) is a system of post tensioned precast slabs in multiple bays cast at the ground level, one
above the other in stacks with a separation layer and lifted into positions at different levels by highly
controlled hydraulic lifting devices positioned on top of the columns. Pre-set sleeves around the column
enabled the slabs’ upward movement. At the designed heights of column, slabs were permanently fixed by
welding. This was a well-known, popular system developed in the USA. Its adaptation in India was done by
the author at Roorkee for the first time in 1964 (Figure 18), with the limited equipment and on a two-storey
structure.

Figure 18: Lift Slab

It was not followed up by the industry at that time. Later by the necessities it became a very powerful
technique for multilevel construction of buildings in India as an imported P.T. slab technology by specialist
firms. The author used this in several projects in India as part of his consultancy service.

12 Filler Slabs

It is well known that when RCC is in flexure, 60% of the concrete is in tension and therefore deemed to be
cracked. Concrete in this zone functions to protect the reinforcement. One method to make the slab more
efficient is to replace the concrete in the tension zone by other durable but weaker materials. Such slabs are
known as filler slabs. Filler materials can be aerated concrete blocks/ panels, hollow clay blocks, or similar
material like brick panels etc. These blocks of size 600mm or more are placed on the formwork forming ribs
in the panels for a rib width of 100 or more. Reinforcement is laid in these rib gaps and concrete is laid to
form the slab width at least 50mm concrete on top of the filler blocks. The author has demonstrated this in
several experimental projects and, later on, structures designed by him as part of his consultancy service. His
own house in Chennai has a slab with aerated concrete block as fillers. The thermal efficiency is also superior.

13 Large panel prefabrication

At CSIR —SERC early in 1975, the author’s team developed a system of large panel prefabrication for housing.
The complete structure in multi levels is divided into room size wall and slab panels including toilets and
stairs. The system adopts on site prefabrication. As composite panels of slab units with precast funicular
shells cast in stacks one above the other, and wall panels were in hollow clay blocks and concrete. The joints
horizontally and vertically were made up of in situ concrete burying the projecting reinforcements into the
joints. A tower crane was used for handling and erection of the units. Experimental project was done for the
state housing board for 144 flats in six blocks of 4 storeys as seen in Figure 19.



Figure 19: Prefabricated Large Panels

For a very long time there were no takers for this technology due to shortage of equipment like tower cranes
at that time.

CONCLUDING REMARKS — CONCRETE vs STEEL

Technological and economic advancements have led to the selection of materials and technologies that
improve on time of construction. The reduced life of structures resulting from changes in function and
fashion, favour steel as medium of construction even in multi-level construction. Shell structures and long
span prestressed concrete elements for industrial buildings are now rarely used. Improvements in form
systems have increased the use of concrete walls in multi-level apartment construction. The threat to quality
of construction is the absence of trained workmen and the absence of training institutes for this workforce.
It is not out of place to mention that engineers of the next generation are less exposed to these construction
practices.
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