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Ýê¤ó¤ò˜ ñì™
Üù¢¹¬ìò¦˜ õíè¢è‹, 

Ýèú¢ì¢¢ 15 Þï¢î¤ò£õ¤ù¢ 77õ¶ ²îï¢î¤ó î¤ùñ£°ñ¢.  ²ñ££¢ 200 Ýí¢´ 
è£ôñ¢ Üï¢ï¤ò¼è¢° Ü®¬ñð¢ðì¢´è¢ è¤ìï¢î Þï¢î¤ò£¬õ ñ¦ì¢ªì´è¢è 
ñè£î¢ñ£ è£ï¢î¤ Üõ£¢è÷¢ «ð£î¤î¢î êî¢î¤òºñ¢, Üè¤ñ¢¬ê»ñ¢ ²îï¢î¤ó 
«ð£óì¢ìî¢î¤ù¢  ªïø¤è÷£èè¢ ªè£í¢´ ¶õè¢èî¢î¤ô¢  ñø õö¤»ñ¢, º®õ¤ô¢ 
Üø õö¤»ñ¢ «ñø¢ªè£í¢´  èî¢î¤ò¤ù¢ø¤, óî¢îñ¤ù¢ø¤  îù¢ àìô¢ ªð£¼÷¢ 
Ýõ¤ Ü¬ùî¢¬î»ñ¢ ªè£´î¢¶ ªðø¢ø¶î£ù¢ Þï¢î¤ò£õ¤ù¢ ²îï¢î¤óñ¢.  
“Ý´«õ£«ñ ð÷¢À ð£´«õ£«ñ Ýùï¢î ²îï¢î¤óñ¢ Ü¬ìï¢¶ õ¤ì¢«ì£ñ¢Ó 
âù¢Á îñ¤ö¢ èõ¤ë£¢ ð£óî¤ò££¢ Üù¢«ø èõ¤¬î ð£®ò¶ Þï¢î ï£÷¤ô¢ ï¤¬ø«õø¤»÷¢÷¶.

²îï¢î¤ó «ð£ó£ì¢ìî¢î¤ô¢ ðé¢«èø¢Á î¦õ¤óñ£è «ð£ó£® îñ¢ Þù¢Âò¤ó¤¬ù ß£¢ï¢¶ 
êó¤î¢î¤óî¢î¤ô¢ Þìñ¢ªðø¢ø îñ¤ö¢ ñí¢í¤ù¢ ¬ñï¢î£¢è÷¢ ñ£õ¦ó£¢è÷¤ù¢  ðì¢®òô¢ ñ¤è ï¦í¢ì 
õó¤¬êò¤ô¢ êó¤î¢î¤óî¢î¤ô¢ ºè¢è¤ò Þìñ¢ªðø¢Á÷¢÷¶ ïñ¢ îñ¤ö¢ ñí¢µè¢° ªð¼¬ñ ªòù¢ø£ô¢ 
Ü¶ ñ¤¬èò£è£¶.

23.08.2023 åõ¢ªõ£¼ Þï¢î¤òó¤ù¢ ñùî¤½ñ¢ ªð¼ñ¤îî¢¬î ãø¢ð´î¢î¤ò õ¤è¢óñ¢ «ôí¢ì£¢ 
ï¤ôõ¤ù¢ ªîù¢ð°î¤ò¤ô¢ Þøé¢è¤ò î¼íñ¢ Ý°ñ¢. Üªñó¤è¢è£, óû¢ò£, ê¦ù£, üð¢ð£ù¢ 
Ýè¤ò õ÷£¢ï¢î ï£´è÷¤ù¢  õ¤í¢ªõ÷¤ Ýò¢õ¤ø¢° êõ£ô¢ õ¤´ñ¢ õ¬èò¤ô¢ Þï¢î¤ò£ ï¤ôõ¤ô¢ 
ªîù¢¶¼õî¢î¤ô¢ îìñ¢ ðî¤î¢¶ êó¤î¢î¤ó ê£î¬ù¹ó¤ï¢¶÷¢÷¶.

Þú¢«ó£ õ¤ë¢ë£ù¤è÷¤ù¢ Þï¢î ñ¤èð¢ ªð¼ñ¢ ê£î¬ù¬ò àôè«ñ àø¢Á «ï£è¢è¤ 
õ¤òï¢¶ ð£ó£ì¢®ò¶. Þï¢î¤ò£ õ¤í¢ªõ÷¤ õ¤ë¢ë£ù Ýó£ò¢ê¢ê¤ò¤ô¢ àôè Ü÷õ¤ô¢ àòó¤ò 
Þìî¢¬îð¢ ð¤®î¢¶÷¢÷¶. ¶ñ¢ð£ õ¤í¢ªõ÷¤ î÷î¢î¤ô¢ ºîô¢ ã¾è¬í ªê½î¢îð¢ðì¢ì 
«ð£¶ Üî¤ô¢ ðé¢è÷¤ð¢¹ ïô¢è¤òõ£¢ Þï¢î¤ò °®òóê¤ù¢ ºù¢ù£÷¢ °®òó²î¢î¬ôõ£¢ ì£è¢ì£¢ 
A.P.J.  Üð¢¶ô¢èô£ñ¢ âù¢ð¬î Þé¢«è °ø¤ð¢ð¤ì «õí¢´ñ¢. Üõ¬óî¢ ªî£ì£¢ï¢¶  ì£è¢ì£¢  
K ê¤õù¢, ñò¤ô¢ê£ñ¤ Üí¢í£¶¬ó «ñ½ñ¢ Þù¢Á àôè«ñ õ¤òï¢¶ «ï£è¢°ñ¢ êï¢î¤ó£òù¢-  
3 õ¤è¢óñ¢ «ôí¢ìó¤ù¢ î¬ô¬ñ ªð£Áð¢¹  õ¤ë¢ë£ù¤ õ¦óºî¢¶«õô¢ Þõ£¢è÷¢ îñ¤ö¢ ñí¢í¤ô¢ 
ð¤øï¢¶ ð®î¢¶ õ÷£¢ï¢¶ Þï¢î¤ò£õ¤ù¢ ¹è¬ö õ£ù¢ Ü÷õ¤ø¢° àò£¢î¢î¤»÷¢÷££¢è÷¢.

²îï¢î¤óñ¢ ªðø¢Á 77õ¶ Ýí¢®¬ù ªè£í¢ì£´ñ¢ Þï¢î¤ò ï£ì¢®ù¢ õ¤í¢ªõ÷¤ 
Ýò¢¾èÀñ¢ Üõø¢ø¤ù¢ º®¾èÀñ¢  àôè Üóé¢è¤ô¢ Þï¢î¤ò£¬õ ºè¢è¤ò Þìî¢î¤ô¢  ¬õî¢î¤ì 
Ü¼ñ¢ð£´ðì¢ì ïñ¢ îñ¤ö¢ ñí¢í¤ù¢ ¬ñï¢î£¢è¬÷  Þî¢î¼íî¢î¤ô¢ ð£ó£ì¢® ñè¤ö¢ï¢î¤ì 
èì¬ñð¢ðì¢´÷¢«÷£ñ¢. ªî£ì£¢ï¢¶ Åó¤ò è¤óèî¢¬î Ýó£ò¾ñ¢, ñí¢µôè¤ô¤¼ï¢¶  
õ¤í¢í¤ø¢°  ñù¤î£¢è¬÷ ÜÂð¢ð¤ Þï¢î¤ò£õ¤ù¢ õ¬óðìî¢î¤ù¢ âô¢¬ôè¢«è£ì¢¬ì  
õ¤í¢ªõ÷¤ õ¬ó õ¤ó¤¾ð´î¢î¤´ñ¢ è£ôñ¢ ªï¼é¢è¤è¢ªè£í¢®¼è¢è¤ø¶. «ñ½ñ¢ Üé¢«è 
à÷¢÷ ï¤ôõ¤ù¢ «ñø¢ðóð¢ð¤ù¢ îù¢¬ñ, èù¤ñ  õ÷é¢è÷¢ ñø¢Áñ¢ ï¦ó£î£óî¢î¤¬ù Ýó£ò¢ï¢¶ 
èì¢´ñ£ùé¢è¬÷ ï¤Áõ¤ ñè¢è÷¢ õ£ö¢õ¤ìî¢î¬î  õ¤ó¤¾ ð´î¢î¤ì¾ñ¢ õ¤ë¢ë£ù¤è÷¢ Ýó£ò¢ï¢¶ 
ªêòô¢ð´î¢¶ñ¢ ï£÷¢ ªï¼é¢è¤è¢ ªè£í¢®¼è¢è¤ø¶  âù¢Á ïñ¢ñ£ô¢ àíó º®è¤ø¶. ñí¢í¤ô¢ 
ªîó¤»¶ õ£ùñ¢  Ü¶ ïñ¢ ¬èò¤ô¢ è¤¬ìð¢ð¶ âï¢ï£÷¢ âù¢Á ð£óî¤ò££¢ õ£ùñ¢ ïñ¢ õêð¢ðì 
«õí¢´ñ¢ âù¢Á Üï¢ï£÷¤ô¢ ð£®ò¶ Þï¢ï£÷¤ô¢ ï¤¬ø«õø¤»÷¢÷¶.

	  	  âí¢í¤ò âí¢í¤ò£é¢° âò¢¶ð âí¢í¤ò££¢

 		   î¤í¢í¤ò£¢ Ýèð¢ ªðø¤ù¢

 -						        	   - î¤¼è¢°ø÷¢
ïù¢ø¤, õíè¢èñ¢ 

âù¢Áñ¢ Üù¢¹ìù¢
S. Üò¢òï£îù¢



05 Southern Builder

ñŒòˆî¬ôõ˜ ñì™ 
ªîù¢ùè ñò¢ò àÁð¢ð¤ù£¢èÀè¢° õíè¢èñ¢ !

ïñ¢ Þï¢î¤ò î¤¼ï£ì¢®ù¢ 77õ¶ ²îï¢î¤ó î¤ù õ¤ö£¬õªò£ì¢®  
15.08.2023 Üù¢Á è£¬ô Ü¬ùõ¼è¢°ñ¢ ê¤ø¢Áí¢® ãø¢ð£´ ªêò¢¶ 
«êõ£óî¢ù£ ð¦û¢ñ£ î¤¼. R. Þó£î£è¤¼û¢íù¢ Üõ£¢è÷£ô¢ ïñ¢ 
ªîù¢ùè ñò¢òñ¢ ñø¢Áñ¢ ªîù¢ùè ñò¢ò Üøè¢èì¢ì¬÷ ê££¢ð£è 
õ÷£èî¢î¤ô¢ «îê¤òè¢ªè£® ãø¢øð¢ðì¢´ ê¤øð¢ð£è ªè£í¢ì£ìð¢ðì¢ì¶.

17.08.2023 Üù¢Á ïñ¢ ªîù¢ùè ñò¢ò õ÷£èî¢î¤ô¢ STOP A DROP 
âù¢ø  î¬ôð¢ð¤ô¢ M/s. FOSROC ï¤Áõùî¢¶ìù¢ ªõ° ê¤øð¢ð£è è¼î¢îóé¢èñ¢ ãø¢ð£´ 
ªêò¢òð¢ðì¢ì¶. ²ñ££¢ 150è¢°ñ¢ «ñø¢ðì¢ì èì¢´ï£¢è÷¢ èôï¢¶ ªè£í¢´ ðòù¢ªðø¢øù£¢. 
Ü¬ùõ¼è¢°ñ¢ ñî¤ò àí¾ ãø¢ð£´ ªêò¢òð¢ðì¢ì¶.

ªð£ø¤ò¤òô¢ Þ÷é¢è¬ô ð®ð¢¬ð º®î¢î ñ£íõ£¢èÀè¢° «õ¬ô õ£ò¢ð¢¹ ãø¢ð´î¢î¤è¢ 
ªè£´è¢°ñ¢  «ï£è¢è¤ô¢  Üõ£¢è¬÷ ïñ¢ ªîù¢ùè ñò¢òî¢î¤ø¢° Ü¬öî¢¶ «õ¬ô 
õ£ò¢ð¢¹ ªè£´è¢°ñ¢  ï¤Áõùé¢è÷¤ù¢ âî¤£¢ð££¢ð¢¹ âù¢ù âù¢ð¬î»ñ¢ Üîø¢°  âð¢ð® 
îé¢è¬÷ îò££¢ ð´î¢î¤è¢ ªè£÷¢÷ «õí¢´ñ¢ âù¢ð¶ °ø¤î¢î Ý«ô£ê¬ùè¬÷»ñ¢ 
õöé¢è¤«ù£ñ¢ âù¢ð¬î ñè¤ö¢ê¢ê¤»ìù¢ ªîó¤õ¤î¢¶è¢ªè£÷¢è¤«øù¢.

èì¢´ñ£ù ¶¬øò¤ô¢ «î¬õò£ù ªð£ø¤ò£÷£¢è÷¤ù¢ âí¢í¤è¢¬è õ÷£¢ï¢¶ 
ªè£í¢«ì õ¼è¤ù¢ø¶.  îø¢«ð£¶ ªð£ø¤ò¤òô¢ ð®ð¢ð¤¬ù º®î¢¶ ªõ÷¤õ¼ñ¢ 
ñ£íõ£¢è÷¢¢ «õ¬ô õ£ò¢ð¢¹è¢°î¢ «î¬õò£ù  °¬øï¢îðì¢ê ºù¢ ÜÂðõñ¢ ñø¢Áñ¢ 
«î¬õò£ù Ü®ð¢ð¬ì î¤øù¢ Üø¤¾ Ýè¤òõø¢ø¤ô¢ °¬øï¢¶ è£íð¢ð´õ¶ êø¢Á 
èõ¬ô ªè£÷¢õî£è«õ Þ¼è¢è¤ù¢ø¶. Þî¬ù è¼î¢î¤ô¢ ªè£í¢´ Üó²è¢° å¼ 
«è£ó¤è¢¬è ¬õè¢è ï¤¬ùè¢è¤ù¢«øù¢. îñ¤öè Üóê¤ù¢ Ü¬ùî¢¶ èì¢´ñ£ùî¢¶¬øè¬÷ê¢ 
ê££¢ï¢î SUPERINTENDING ENGINEER Ü½õôèé¢è÷¤ô¢ å¼ Üé¢èñ£è VIGOROUS 
INTERNSHIP FOR CIVIL ENGINEER âù¢Á Quantitative, Execution ñø¢Áñ¢ Design âù¢Á 
Ü¬ñî¢¶ Ü¬ùî¢¶ èì¢´ñ£ù «õ¬ôèÀìù¢ Üõ£¢è¬÷ Þ¬íî¢¶ °¬øï¢î¶ 
Þóí¢´ õ¼ìñ¢ Programme/Course ãø¢ð´î¢î¤è¢ ªè£´î¢î£ô¢ ñì¢´«ñ Üó² èì¢´ñ£ù 
¶¬øè¢°ñ¢, îù¤ò££¢ èì¢´ñ£ù ï¤Áõùé¢èÀè¢°ñ¢   «î¬õò£ù Quality Engineers 
îò££¢ ªêò¢ò º®»ñ¢ âù¢ð«î£´ âî¤£¢õ¼ñ¢ êõ£ô¢è¬÷»ñ¢ âî¤£¢ªè£÷¢÷ º®»ñ¢ 
âù¢Á è¼¶è¤ù¢«øù¢.  It is like hands on Experience, like House Surgeon (Compulsory Rotatory 
Residential Internship) program after MBBS degree, âù ñ¼î¢¶õñ¢ ðò¤½ñ¢ ñ£íõ£¢èÀè¢° 
Þ¼ð¢ð¬îð¢ «ð£ù¢Á èì¢´ñ£ù ¶¬øèÀìÂñ¢, èì¢´ñ£ù ï¤Áõùé¢èÀìÂñ¢ 
Þ¬íï¢¶ ªð£ø¤ò¤òô¢ ñ£íõ£¢èÀè¢° å¼ ðò¤ø¢ê¤ è£ô Üì¢ìõ¬í ãø¢ð´î¢î¤ 
Üî¬ù ï¬ìº¬øð´î¢î¤ù£ô¢ ñ¤è¾ñ¢ îóñ£ù Civil Engineers à¼õ£è¢è º®»ñ¢ 
âù¢Á ïñ¢¹è¤ù¢«øù¢.

ïñ¢ ªîù¢ùè ñò¢ò ñ£î Þîö¢ åõ¢ªõ£¼ ñ£îºñ¢ ºîô¢ 10ï¢ «îî¤è¢°÷¢ ñ¤è¾ñ¢ 
ê¤øð¢ð£è ªð£ô¤¾ìù¢ E-Edition / Printed Book õ®õ¤ô¢ êî£¢ù¢ ð¤ô¢ì£¢ Ýê¤ó¤ò£¢ 
Üõ£¢è÷£ô¢ ªõ÷¤ò¤ìð¢ð´è¤ù¢ø¶. Üîø¢è£ù ADVERTISEMENT SUPPORT î¼ñ¢ð® 
àé¢è÷¤ìñ¢ «èì¢´è¢ªè£÷¢è¤«øù¢.

Þð¢ð®è¢°,
âù¢Áñ¢ Üù¢¹ìù¢ 

A.N. ð£ô£ü¤
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A.R.Santhakumar
Former Emeritus Professor,  

Department of  
Civil Engineering IIT Madras

Concreting under  
Special Circumstances

There are often situations in which concreting 
must be done under special circumstances 
such as constructions in basements, sewerage, 
and marine works. In such occasions, concrete 

is placed underwater or in contact with earth or sand. 
Concrete placed under such difficult situations needs 
special care. If proper precautions are not taken the 
cement may be leached or the aggregates may become 
segregated. It is also sometimes necessary to place 
concrete under extreme weather conditions—either very 
hot weather as in the summer in Delhi or in very cold 
weather as in Kashmir during the winter. The present 
demand on building and civil engineering structures 
makes it imperative for work to be continued in extreme 
hot and cold weather conditions. So it is necessary 
to have complete knowledge on concreting in these 
extreme conditions. This chapter deals with concreting 
under such special circumstances.
1 Underground Construction

When concrete is to be laid below ground level in a 
deep excavation (which may be water logged), the space 
for working is temporarily created by excluding the soil 
and water. This technique is generally called cofferdam 
construction. A cofferdam is a retaining structure, usually 
temporary in nature, which is used to support the sides 
of deep excavations where water is present. These 
structures generally consist of
(a) vertical sheet piling,
(b) a bracing system composed of either wales or struts 

or prestressed tiebacks, and
(c) a bottom seal course, if required, to seal out the water.

Cofferdams are used in situations where the adjacent 
ground must be supported against settlements or slides, 
and in the construction of bridge piers and abutments in 
relatively shallow water.

Cofferdams usually fall under the category of temporary 
features necessary to construct the structure. As such, 
the site in-charge is responsible for the proper design, 
construction, maintenance, and removal of cofferdams. 
He is required to prepare working drawings ensuring 
safety at all times for the successful implementation of 
the project.
1.1 Sheet Piles and Bracing

There are three basic materials used for the 
construction of sheet piles: wood, concrete, and steel. 
Wood sheet piling can consist of a single line of boards 
(Fig. 1)—‘single-sheet piling’—but is suitable only for 
comparatively small excavations in which there is no 
serious ground water problem.

Fig. 1 Single sheet piling

In saturated soils, particularly in sand and gravel, 
it is necessary to use a more elaborate form of sheet 
piling which can be made reasonably watertight with 
overlapping boards spiked or bolted together, such as 
the ‘lapped-sheet piling’ or ‘Wakefield’ system as shown 
in Fig. 2.

Fig. 2 Lapped and Wakefield sheet piling
‘Tongue and groove’ sheet piling (Fig. 3) is also used. 

This is made from a single piece of timber cut at the mill 
with a tongue shape at one end and a groove shape at 
the other.

Fig. 3 Tongue and groove wood sheet piling
Precast concrete sheet piles are normally used in a 

situation where the precast members are going to be 
incorporated into the final structure or are going to remain 
in place after they fulfil their purpose. One normally does 
not encounter precast sheet piling in minor structure 
work.

Precast concrete sheet piling is usually made in the 
form of a tongue and groove section. The piles vary in 
width from 45 to 60 cm and in thickness from 20 cm to 
45 cm. They are reinforced with vertical bars and hoops 
in much the same way as precast concrete-bearing piles. 
This type of sheeting is not always perfectly watertight, 
but the spaces between the piles can be grouted (Fig. 4).

Fig. 4 Precast concrete sheet piling
In order to provide a more watertight precast concrete 

sheet pile, two halves of a straight steel web sheet pile, 
which has been split in half longitudinally, are embedded 
in the pile (Fig. 5).

Fig. 5 Concrete sheet piling with steel interlocks
Steel sheet piling is most commonly used and 

is available in a number of different shapes. The 
shape provides for bending strength and the interlock 
(connection between the sheets) provides for the 
alignment. Each steel company that manufactures 
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sheet piling has its own form of interlock. The simplest 
shape is that known as the ‘straight-web’ type. These 
come in various widths ranging from about 40 cm to 50 
cm. The web thickness varies from about 10 mm to 12 
mm. Straight-web sheet piling is comparatively flexible 
and requires a considerable amount of bracing in areas 
where the horizontal thrusts are large (Fig. 6).

Fig. 6 Straight section steel sheet piling
In order to provide a pile with a greater resistance 

to bending, steel companies have developed the ‘arch-
web’ section (Fig. 7), in which the centre of the web is 
offset so as to provide a greater moment of inertia in the 
cross section. To provide for even greater stiffness, there 
is the ‘deep-arch’ section (Fig. 8). The deep-arch section 
is similar to the arch-web section except that the offset 
in the web is increased considerably. A type known as 
the Z-section (Fig. 9) has a stiffness considerably greater 
than that of the deep-arch section.

Fig. 7 Arch-web steel sheet piling
The choice of the type of steel sheet pile to be used for 

a given job depends largely on the capacity it is intended 
to be used in. The straight-web section is comparatively 
flexible so that it requires a considerable amount of 
bracing when subject to a large horizontal thrust. 
However, its size allows it be used in closed quarters, 
where a deep-arch section or Z-section will not fit.

 

Fig. 8 Deep-arch 		  Fig. 9 Z-section steel
steel sheet piling		  sheet piling

The composition of the bracing system inside a 
cofferdam depends upon the forces that will act on it, 
the availability of materials, and the costs connected 
with the system. Wood and steel are the materials used 
normally. Prestressed tiebacks are often used in large 
land cofferdams, where the system of cross-bracing is 
impractical.

It is required that excavations be completed to the 
bottom of the footings before the driving piles. As in many 
other areas of our work, there are times when engineering 
judgement should be used depending on the type of soil, 
amount of excavation required, type of pile, and depth 
below the water surface. Normally, excavation would be 
done by submerged clamshell, with the elevations being 
checked by sounding.

In the case of pile foundations, it is often advisable to 
over-excavate a predetermined amount to compensate 
for the heave of the material caused by pile driving 
displacement. This is done to eliminate the need for 
excavation after driving. If excavation is needed, one 

should ensure that none of the driven piles are damaged.
Following the installation of the cofferdam, the 

footing can be excavated and the piles driven. Usually 
the footing area must also be dewatered. Depending on 
the volume of water present, this can be achieved by 
pumping. Otherwise, a seal course may be necessary. A 
seal course is intended to control and remove water from 
the excavation.

As the name implies, a properly constructed seal 
course seals the entire bottom of a cofferdam and 
prevents subsurface water from entering the cofferdam. 
In so doing, it permits the construction of footings and 
columns or other facilities in the dry. The seal course 
is a concrete slab placed under water and constructed 
thick enough so that its weight is sufficient to resist the 
uplift from hydrostatic forces. In terms of its importance 
to the designed structure, the seal course normally has 
no structural significance.

The decision as to the thickness of seal course 
required, or whether the seal course is to be eliminated, 
is based on the conditions encountered on the jobsite. 
The plans also contain the provisions for adjusting the 
footing elevations if seal courses are eliminated. In usual 
field practice, this decision is not a difficult one to make. 
In most cases of absence of water, a seal course is 
clearly not needed.

Concrete directly placed under water without creating 
a water-excluded zone using a cofferdam involves the 
tremie and other methods, which will be discussed later 
in underwater concreting techniques.

In addition to the usual pre-pour matters, such as 
access and suitability or adequacy of equipment, sufficient 
soundings should be taken to verify the elevations. 
Particular attention should be given to the perimeter of 
the cofferdam and the pile locations. Soundings can 
be accomplished using a flat plate of suitable size and 
weight at the end of a rod or rag tape. This device can be 
used not only to determine elevations but also, to some 
extent, to determine the nature of the material (soft or 
firm). During the pouring, soundings can again be used 
to verify the elevation of the top surface of the concrete. 
Because of the type of operation, surface irregularities can 
be expected, particularly in pile footings. The important 
thing is to check for proper thickness throughout and the 
absence of excessive low spots. A minimum cure period 
of 5 days is required before dewatering.

The thickness of the seal course is important. For 
example, seal courses in pile footings are constructed 
one foot thicker than required to allow for surface 
irregularities. The bond friction between sheet piling and 
concrete is disregarded. The minimum thickness of seal 
course concrete is 60 cm.

Dewatering can present some anxious moments 
since the cofferdam and the seal course are put to the 
test in this phase. Dewatering is sometimes conducted 
in stages for a moderately deep cofferdam. At each 
stage, intermediate bracing systems are installed before 
proceeding deeper. Depending on the particular design, 
these internal braces restore the stability of the system.



Source: Compiled and edited from the notes for the 
course on Design and Construction of Off-shore and 
Marine Structures, January 1981, SERC, Madras

*This column indicates the nature of the location in 
relation to the sea, coast, or seabed. Type I indicates 
freely floating structures, type II indicates floating 
structures submerged and/or anchored to the seabed, 
type III indicates structures supported at the seabed, and 
type IV indicates coastal or extended structures.

The use of materials and techniques for constructing 
such structures are discussed in the following section.

While many of the structures mentioned here could 
be claimed to have been built early in the nineteenth 
century, the scope for using concrete for all these 
structures has increased in recent times. To emphasize 
the experience gained by now, the world over, with these 
concrete structures, some examples of historic structures 
are quoted below:

Sheet pilings are not watertight and minor leaks 
can be expected as the cofferdam is dewatered. These 
leaks occur along the joints between adjacent sheets. 
Sawdust, cement, or some other material can be used 
to plug these leaks, which are ordinarily not a problem. 
Dropping the blocking material into the water adjacent to 
the leaking sheets usually achieves this. Flow through 
the leak carries the fine material to the problem area and 
seals the crack or opening. A sump built into the surface 
of the seal would be helpful in keeping the work area 
reasonably dry. Obviously, sumps should be located 
outside the footing limits.

Prior to proceeding with footing work, all high spots 
in the seal have to be removed. All scum, laitence, and 
sediment must also be removed from the top of the seal. 
This can be very time consuming and expensive. The 
effect can be reduced significantly if the seal is placed 
carefully.

Cofferdam work presents safety problems unique to 
this type of construction. Among them are limited access, 
limited work areas, damp or wet footing, and deep 
excavations. Provisions must be made for safe access in 
terms of adequate walkways, rails, ladders, or stairs into 
and out of the lower levels. The work site may be within 
a waterway, in which case additional safety regulations 
may apply. These would include provisions for flotation 
devices, boats, warning signals, and suitable means for 
a rapid exit in case of accidents.
2 Concrete Construction in Marine Environment

Even as concrete is replacing structural steel for all 
types of construction on land and even for tall structures 
such as towers and chimneys, the use of concrete for 
the construction of on- or off-shore marine strutures is 
also increasing. This has special significance in India 
with over 6000 km of coastline, over 15 ports and 
dock installations, and a large number of navigational 
aids such as lighthouses. The search for alternative 
techniques and materials for the construction of such 
structures has assumed importance in the wake of off-
shore oil exploration. Increasing transportation also 
calls for the construction of large-span bridges over 
lakes and backwaters to cut down transport distances 
and, therefore, save fuel and reduce the delivery time of 
goods. All these infrastructure building calls for increasing 
construction activities of the types listed in Table 1, in or 
near the sea.
Table 1 Location of marine structures
Facility Type of structure*
Floating storage tanks Type I
Floating docks Type I
Barges, boats, and ships Type I
Floating navigational aids Type II
Underwater tunnels/bridges Type II
Lighthouses off-shore/on-shore Types II and III
Off-shore oil platforms Type III
Large-span bridges and piers Type III
Coastal protection structures Type IV

Fort and harbour structures Type IV
Airports and runways (seaside) Type IV

Oil platforms built in  
1960–70

at Ekofisk, 
Ardyne point, and 
Tasmania

Boats built in 1848 by Lambot in France

Harbours built 100 years back in Norway

Bridge piers 150–300 m2 at 
the base built in 12–25 m deep 
water (1925–42)

in Denmark

Carriers built in 1917 in Norway
Underwater tunnel built in 1970 
(40 m seawater)

BART, USA

Floating docks, from 1929 Erstwhile USSR

100 boats during World War I 
and II

USA

100 boats weighing 6000 t dwt Erstwhile USSR

Seaside airports extended to the 
sea

Hong Kong, New 
York, and Nice

The use of reinforced concrete in sea-related 
structures started with Lambot’s boats in 1848, one of 
which built in 1876 is still afloat. Concrete has been 
utilized for coastal structures, lighthouses, etc. for about 
100 years, and the recent inspection of 67 old concrete 
blocks from the Los Angeles breakwater showed 
essentially no loss of strength and the form marks were 
still clearly visible.

Piles, piers, bridge piers, and floating drydocks have 
histories of high durability performance extending to over 
50 years in environmental conditions ranging from the 
subarctic to the sub-tropical.

Concrete ships were built in substantial numbers 
in World War I and II. They demonstrated excellent 
performance as far as corrosion resistance and fatigue 
resistance are concerned. One of the World War I vessels, 
the Selma, has been beached at Galveston since 1922. 
It utilized expanded shale lightweight aggregate and a 
design cover of 2 cm with an actual cover of only 1 cm in 



many places and yet is still in a good condition.
2.1 Recent Developments

The availability of a set of new techniques and 
materials has led to the wider use of concrete structures 
in sea. Some of these are listed in Table 2.
Table 2 Materials and techniques used for building 
marine structures

caissons in steel to store the oil.
(d) Design parameters rule out steel for some structures. 

For example a jacket-type steel platform may carry 
a 180 t load directly on one leg as well as 540 t 
resulting from moments due to wave/current forces 
in 50-m-deep seawater. In other words only 33% 
of the capacity is used for carrying the load. When 
this design is used for 150-m-deep water, the direct 
land payload will be roughly the same, whereas the 
component due to the moments will increase three-
fold to 1620 t, i.e., the direct land payload will be just 
about 10%. In such a situation, for the purpose of 
stability, a heavier base or a lowered centre of gravity 
is essential, which cannot be provided by steel.

2.2 Underwater versus Land Constructions
The use of concrete for large structures has been 

quite common on land and, therefore, the technology 
and related parameters may be considered as well 
understood. However, there are special considerations 
for construction in or near sea. Structures on land are 
exposed entirely to uniform environment, whereas in the 
sea the following environments are common.
(a)	A temperature range of 20–40°C above water—in the 

ocean around India— even as the submerged zone 
has only a near uniform temperature, below 20°C. In 
cold regions, these variations could be much higher.

(b)	The atmosphere around is laden with salt and fully 
saturated. The salinity of water is around 3.5%. The 
salts which are present in significant quantities in 
most seas are sodium chloride, magnesium chloride, 
calcium sulphate, potassium chloride, and potassium 
sulphate. Concentrations vary from sea to sea 
although the total salt content is about 35 g/L.

(c)	Winds over seas are higher than over land. Structures 
are subjected to cyclones/ hurricanes/typhoons of 
speeds up to 200 km/h.

(d)	A free-standing structure in sea could be subjected 
to a total lifecycle loading of small waves at 2 × 108 
cycles with an estimated period of 9–18 s.

(e)	Lateral forces from waves could go to such values 
as 40,000 t in extreme cases on free-standing large 
structures in sea.

(f)	 Accidents caused by hits from floating objects such 
as a bulk carrier of 500,000 dwt are possible in the 
case of off-shore structures.

(g)	The temperature and oxygen content of surface water 
may change due to waves and wave-induced mixing. 
Water well below the sea level remains in uniform 
temperature, resulting in a temperature gradient. In 
the case of storage platforms, gradient could be quite 
steep.

(h)	Implosion due to pressure on the walls of supporting 
columns is also possible.

(i)	 Organic growth, swell of concrete, and marine fouling 
can add to self-weight by 7% to 10% and therefore 
affect buoyancy.

(j)	 Sulphate of magnesium present in seawater and 
its reaction on cement in concrete could lead to the 
expansion of concrete.

(k)	External pressure or loading on concrete at 20 m 
depth of seawater is around 2 t/m2 in case the 
structure has cavities.

Materials/techniques Application
Ferro-cement Thin watertight walls
Fibre reinforced concrete High impact resistance
Polymer concrete Impermeable, high-

strength concrete
Epoxy coatings Water proofing even 

under high pressure in 
deep sea

Lightweight concrete Self-weight reduction 
up to 75% compared to 
normal, dense concrete

Sacrificial anodes Protection against 
corrosion

Prestressed concrete Crack-free massive 
structures

Expanded polystyrene 
foams

Adds buoyancy to hollow 
concrete

Pumping of concrete Continuous supply of 
uniform grade concrete 
in large quantities to 
inaccessible areas

Slip forms Continuous concreting 
to a height of 6 m/
day without joints and, 
therefore, speeding up 
construction and avoiding 
critical joints vulnerable to 
water penetration

Galvanized/stainless 
steel/FRP reinforcement 
bars

Reducing corrosion in 
embedded steel

If we analyse some of these materials/techniques, it 
can be seen that fabricated steel had to be eliminated 
as a structural material in preference to other corrosion-
resistant materials for oceanic structures. The main 
reasons for this are the following.
(a) The sheer size of the structure calls for using a plate 

thickness of up to 100–125 mm at the nodes when 
welded. Good weldability is difficult to achieve in such 
situation, to obtain the notch durability needed.

(b) The corrosion of steel and resulting loss of metal at 
about 0.4 mm of thickness per year could reduce the 
strength of the structure substantially over a 50-year 
lifecycle. The maintenance required to counteract 
this could become extremely expensive. Moreover, 
corrosion of steel causes cracks and these could 
substantially reduce the fatigue strength of steel 
under seawater.

(c) In the case of storage-type oil platforms—producing 
30,000 kL per day—it is not easy to construct large 
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Tax Corner 

We have been getting repeated calls on GST rates for Real Estate Sector. (ie) from Flat Promoters and Joint 
Developers.  We try to explain  in simple charts  to enable our members to understand  the GST  on various types.. 
These are the  present rates considering the various amendments and notifications.  Efforts have been  taken to give 
a correct and clear picture.

Please check the present rates from time to time before entering into a new venture. 

GST on 
Real Estate Sector
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APPLICATIONS OF DRONE TECHNOLOGY 
IN CIVIL ENGINEERING

Different drones may travel at different heights and 
distances. Close-range drones can often go up to three 
miles and are generally utilized by amateurs. Close-
range Unmanned Aerial Vehicles (UAVs) have a range 
of about 30 miles. Short-range drones, which can go up 
to 90 miles, are mostly employed for surveillance and 
intelligence gathering. Mid-range UAVs have a 400-mile 
range and could be utilized for intelligence gathering, 
scientific studies, and meteorological research. The 
longest-range drones are known as "endurance" UAVs, 
and they may travel over 400 miles and up to 570 miles 
in the air.

Drone technology has evolved and thrived in recent 
years, from technically staffing critical military regions 
to enticing enthusiasts all over the world. Individuals, 
businesses, and governments have realized that drones 
have a variety of valuable qualities, including (a) Aerial 
photography for journalism and film. (b) Express shipping 
and delivery. (c) Gathering information or supplying 
essentials for disaster management. (d) Thermal sensor 
drones for search and rescue operations. (e) Geographic 
mapping of inaccessible terrain and locations. (f) Building 
safety inspections. (g) Precision crop monitoring. (h) 
Unmanned cargo transport. (i) Law enforcement and 
border control surveillance. (j) Storm tracking and 

forecasting hurricanes and tornadoes. (k) Development 
of hundreds of more uses of drones is underway due 
to the multiple investments pouring into this promising 
industry every day

In the last few decades, Unmanned Aerial Vehicle-
systems (UAVs) or Drones have become relevant in 
the Construction and Engineering Industry. Drones are 
being used in the Construction and Engineering industry 
in many aspects, such as project development, project 
management, construction surveying, construction 
safety, construction inspection, volume measurements 
and 3D Modeling. The purpose of this technical paper 
is to provide an overview of UAVs, a description of the 
applications on how drones are being utilized in the 
construction industry, and the collaboration of local 
contractors' current and future drone utilization in 
Construction Engineering and Technology.

The use of drones is expected to create 100,000 jobs 
by 2025, according to the Association for Unmanned 
Vehicle Systems International (AUVSI). The construction 
industry is expected to account for the largest growth 
in the commercial industry of drone use. The use of 
drones in the construction and engineering industry is 
continually growing. Some of the areas of drone use 
in the construction and engineering industry consist of 
survey mapping, inspection, and job material tracking. 
Survey mapping with drones has changed the industry. 
The use of drones in surveying has made the job safer, 
and the speed of producing a survey has decreased from 
hours to minutes. Drone mapping makes it possible to 
be able to access areas that may be inaccessible by 

Introduction.
More than $500 billion, revenue forecast for the drone business by 2030. Given its current rate 

of development, it can believe that this prediction will come true. Unmanned aircraft have been 
crucial to the operations of many enterprises and governmental organizations in recent years, 
including monitoring the Earth's surface, agriculture, construction, and surveillance, to name a 
few. Drone features are proven to be incredibly valuable in locations where a man cannot access 
or operate in a fast and efficient manner, from speedy deliveries during rush hour to surveying an 
unreachable military base.

Drones, also known as unmanned aerial vehicles (UAVs), perform duties ranging from the 
ordinary to the extremely deadly. These robot-like aircraft can be seen rescuing avalanche victims 
as well as delivering groceries to our house- and almost everywhere in between.

Drones have been present for more than two decades, but their origins can be traced back to 
World War I when both the United States and France worked on constructing unmanned aircraft. 
However, the previous few years have been noteworthy in terms of drone adoption, industry 
utilization expansion, and global awareness. The level of autonomy of a drone can range from 
remotely piloted (a human controls its movements) to sophisticated autonomy (a system of 
sensors and LiDAR detectors calculates its movement).

Types of Drones Data Acquisition flowchart
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foot. Drone mapping is less expensive than traditional 
methods of surveying. The accuracy of drone mapping 
is within 3mm.
Successful Use of Drones in Civil Engineering. (a) 
Arial Photography. (b) Real Estate. (c) Mapping.  (d) 3D 
image. (e) Real-Time Monitoring. (f) Disaster Response 
Relief. (g) Damage Assessment. (h) Infrastructure 
Monitoring. (i) Inventory Management. (j) Pipe Line and 
Power Line Monitoring. (k) Surveillance. (l) Transport 
Monitoring. (m) Monitoring Structures. 

this entire process is made easier and more effective. 
Drones allow to create site maps of areas, with overhead 
views displaying topography and other important 
environmental data.

The data from a drone survey will provide a baseline 
that allows us to improve upon the planning and design 
process. Drones will give the visual data that can be re-
visited, and provide more in-depth details that will make 
planning much simpler. Some drones are capable of 
providing orthomosaic maps, which add a new layer of 
detail. Rather than sending multiple team members to 
survey the potential site, can get faster and more cost-
effective data from aerial photography. Drones will give 
you information like topography and environmental 
details. All of this will make a big difference in the planning 
and design process, as it will allow us to operate with 
greater levels of information. It is also much easier and 
safer than sending team members out to unfamiliar sites.
Increasing Productivity.  Consistent productivity is 
integral to the success of civil engineering projects, and 
drone technology in civil engineering is a great method of 
increasing productivity. Having high-quality, visual data 
will allow a team to make more informed decisions, which 
will in turn lead to an overall increase in productivity. 
Another area where drones increase productivity is filling 
roles that workers might’ve had in the past. This will free 
up time for people to focus on different areas, saving time 
and money. Drones can investigate areas on sites and 
provide inspections more quickly and efficiently, leaving 
workers to focus on jobs that require a human touch.
Shareable Data. Visual communication helps teams 
stay up to date with each other, and having open lines of 
communication is integral to a successful project. With civil 
engineering, there are often a lot of different shareholders 
involved in the project, so keeping everyone in the loop 
is extremely important. Whether it’s a private contractor 
or a government contract, stay connected with both off-
site team members and other relevant shareholders. 
One of the uses of drones in civil engineering is to 
create easily shareable data. Sending written updates is 
one thing, but drone imaging provides comprehensive, 
visual details to relevant parties. Many people involved 
with the project are either too busy or too distant to 
consistently make the trip, so having a civil engineering 
drone to provide aerial photographs, videos, and maps, 
will make communication much easier.  It is also a great 
way for decision-makers to provide information to team 
members. Rather than having to verbally direct them to 
parts of the sites to address issues, they can just provide 
visual data from drones to communicate where and what 
needs to be done.

The Major Benefits of Using Drones In Civil 
Engineering.

Civil engineering is an industry responsible for 
designing and creating many of the systems needed for 
our cities to function. It is an industry that requires a lot 
of planning, innovation, and creativity. Civil engineers are 
consistently trying to find ways to optimize their processes 
to perform their job more effectively. One solution that 
many civil engineers are beginning to take note of is 
the addition of drone technology into their workflows. 
Drone application in civil engineering is a great way 
to streamline processes, enhance best practices, cut 
costs, and increase efficiency. There are many benefits 
of drones in civil engineering, and for creative and 
innovative project managers, these pieces of technology 
can become an essential part of their everyday work. 
Drones are valuable tools that can be used in a variety 
of ways, giving them a multi-dimensional utility in the civil 
engineering industry. The major benefits of using drones 
in civil engineering are highlighted in subsequent paras:
Planning and Design: Streamlining the Surveying 
Process.

Planning and design is an essential part of civil 
engineering. Meticulous design processes are the key 
to a successful project. The planning and design phase 
provides the basis for how everything will go, and using 
a drone can positively reshape civil engineering team 
conducts. Surveying can be a hassle, requiring team 
members to visit sites on foot and collect as much data 
as possible. With drone surveying in civil engineering, 

Planning and Design

Keeping Track of Current Progress.   Shooting Island

Surveying
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Keeping Track of Current Progress. Staying under 
budget and on time is vital to the success of a civil 
engineering job. Everything should operate on a 
timeline, and making sure that that timeline is being 
kept will ensure a smooth process. This is an important 
application of drones in civil engineering. As aerial data 
will allow teams to keep track of the current progress 
effectively and accurately. A drone flyover helps show 
changes and progressions of the project site. Comparing 
the initial map of the site during the surveying process 
with a current flyover of the site side by side will give 
intricate insight into what has been done, and what still 
needs to be done. These images will help decision-
makers monitor their project, and ensure that everything 
is on schedule. It will also reduce the amount of time 
decision-makers need to spend on-site.
Shooting Island. There are many success stories of 
drones helping civil engineers effectively do their jobs. 
One example of this is the Shooting Island restoration. 
This is a 150-acre island that needed to be surveyed, but 
the size and conditions of this island made that extremely 
difficult with traditional methods.  With wetlands on the 
island, and shallow water nearby making an approach 
by boat difficult, civil engineering drone videography 
made for the most practical solution. Aerial photography 
helped and provide important details in this project, 
where the goal was to restore the badly eroding shores 
of this wetland. With high-quality, visual data in place, the 
restoration process could begin, restoring this important 
habitat to full strength.
Improvement of the Workflow. As a decision-maker 
in the civil engineering industry, being aware of the 
opportunities drone use in civil engineering can provide 
is a great way to get ahead and optimize their business 
through drone use.  Drones technology can help 
professionals to cut costs, increase efficiency, streamline 
communication and the innovative civil engineer would 
greatly benefit from the application of this important new 
tool.  The phenomenal rise in drone usage has led to 
the development of ever more sophisticated software, 
among which is 3D mapping software. They are used in 
creating stunning 3D models, large orthographic photos, 
and elevation models too. 
Other Uses of  Drones in Civil Engineering.

The use of a drone for surveying is now widespread 
and operational for several applications for instance, 
High-quality Digital Elevation Model (DEM) generation, 
quarry monitoring, archaeological site surveys, forest 
management, 3D modelling for buildings, land cover 
mapping, digital terrain model, monitoring and change 
detection, digital urban planning, orthorectification 

services and many more. Drone mapping has a wide 
scope and potential for construction, agriculture, mining, 
infrastructure inspection and real estate. Having a clear, 
accurate photograph or 3D model of the project area, 
complete with measurements, is advantageous in terms 
of decision-making. Following are some applications of 
drone data.

A drone survey will provide easily and rapidly an 
aerial overview that will greatly help project managers 
in order to, among others: (a) Study the site before the 
operations start. (b) Monitor and control the evolution of 
the activities and proceedings. (c) Present an overview 
of a site. (d) Check the quality of the work. (e) Follow 
the deadlines in relation to the work progress. (f) Monitor 
the compliance of the works with the specifications. (g) 
Promote their know-how, skills and knowledge for future 
projects. (h) Bring out and underscore the quality of the 
work. 

Thanks to the multitude of functionalities that benefit 
our drones, it is for instance possible to take pictures in 
a fully automatic mode.  This will allow the UAV to get 
aerial shots from exactly the same perspective (GPS 
coordinates, altitude, direction and slope of the camera) 
in order to monitor the evolution of an object, a place, a 
building, a site or a structure over time. High technology, 
precision, adaptability, endurance and robustness are 
some of the numerous Unmanned Aerial Vehicle (UAV) 
qualities explaining why drones are so important in 
improving the working quality in demanding sectors like 
architecture and civil engineering.
Mapping in Civil Engineering Designs.

Civil Engineering design requires accurate and 
precise topographic mapping data to ensure that design 
parameters reflect real-world conditions. The low 
altitude requirement of the drone means denser surface 
sampling which often results in higher accuracy than 
conventional ground surveys. Drone mapping can also be 
supplemented with conventional survey measurements 
on critical hard surfaces and drainage structure inverted 
elevations when needed. Turnaround times are faster 
and drones can provide digital orthophotos, video and 
images to support planning, design and future project 
monitoring.
Land Planning Mapping. Land planning requires 
mapping information that can be relied upon and that 
doesn't break the budget. With affordable aerial drone 
mapping solutions, no need to take chances with outdated 
or questionable mapping/data sources. In many cases, 
drones can provide data that fits in to planning budget.
 GIS Base Mapping and Data Acquisition. No 
matter which GIS specialty you work in–forestry, asset 
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management, environmental, agriculture, remote 
sensing, oil, and gas or other–aerial drone mapping 
can provide accurate data quickly and cost-effectively. 
With an easy-to-deploy aerial mapping drone, capture 
accurate aerial imagery and transform it into 2D ortho 
mosaics (maps) and 3D models of small- and medium-
sized sites. Using an aerial drone means, take to the 
skies virtually whenever needed. With low operating 
heights, cloud cover is rarely an issue.
Site Inspection / Construction Monitoring / As-
Built Mapping. Remote site inspection, construction 
monitoring, and as-built mapping are now made fast, 
easy and efficient using aerial drone mapping and 
photography. Monitor construction progress with periodic 
mapping from start to finish of a project. Verify grading 
cut/fill quantities as site work progresses. Provide 
stakeholders with reports containing dated mapping, 
video and photography. Map final site improvements and 
provide agencies with as-built information.
Drone for 3D Modelling. LiDAR drones are equipped 
with LiDAR sensors, which survey landscapes and collect 
detailed data that can be used to create 3D models. 
Drones with LiDAR technology can provide significantly 
more accurate data than drones without the technology. 
Aside from making it easier for drones to navigate varied 
surfaces, LiDAR allows them to locate targets in search 
and rescue missions, evaluate crops in agriculture, and 
many other things.
Disaster Management. Drones provide quick means, 
after a natural or man-made disaster, to gather information 
and navigate debris and rubble to look for injured victims. 
Its high-definition cameras, sensors, and radars give 
rescue teams access to a higher field of view, saving the 
need to spend resources on manned helicopters.  Where 
larger aerial vehicles would prove perilous or inefficient, 
drones with their small size are capable to provide a 
close-up view of areas.
Railway Corridor, Roads, and Power Line monitoring. 
Drones are used in monitoring public utilities like Roads, 
Railways, Powerline, Canals, etc. With close vigilance 
over the track, one can monitor its condition and 
maintain it accordingly. For railway corridor mapping, 
a drone survey is very helpful to provide ultra-high-
resolution imagery along the corridor and later helps in 
the implementation of the project.
Smart Cities and Commercial Applications. Drones are 
becoming a necessity for smart city growth in India. Apart 
from household fun, drones have become a popular tool 
for city inspections, business advancement, and disaster 
relief. With built-in 3D mapping and cloud technology, 
drones provide cities with the ability to track and record 

data they never could before. One large benefactor 
of smart city drones has been streamlined building 
inspections. Drone surveillance allows city planners 
clearer visuals over construction and development sites. 
Areas that were previously too hard for inspectors to 
access are now within reach with the help of drones.
Traffic Management. Switzerland is on the cusp of 
becoming the first country to formally integrate drones 
into the air traffic management system that controls its 
airspace. A similar, though more modest, model in the US 
called Unmanned Aircraft System Traffic Management 
(UTM) has been developed by NASA. Managing and 
tracking small drones is key to opening the commercial 
market for drone services. This will be a new revolution 
in air traffic management system and in future, Lot of 
unmanned flying machines roaming over the city can be 
seen shortly.
Pipeline Survey. Drones are being used increasingly by 
pipeline companies to help with everything from surveying 
and mapping during the route planning process, to right-
of-way monitoring once pipelines are operational. With 
each of these surveys, the typical information provided 
is topography, existing utilities, the location of property 
boundaries, staking the construction footprint for 
construction, measuring newly installed pipelines and 
keeping track of materials during constructions.
Impact of  Drones in Civil Engineering. 

Monitoring Railway Corridor

Site Progress Monitoring

Pipeline Survey

The advances in drone technology over the last 
few years have modified how we utilize them. Drones 
and unmanned aerial vehicles (UAVs) are no longer 
just considered high-tech toys. The benefits of these 
innovations are particularly prevalent in the civil 
engineering field.  

There are numerous advantages to using drones 
on site. Benefits include the simplicity of collecting and 
sharing data, the improvement of health and safety to the 
engineer in the field, and perhaps the most advantageous 
utility is the improvement to surveying. Drones simplify 
the surveying process both by increasing the accuracy 
and decreasing the complications over large areas.



A drone survey captures aerial data by using 
downward-facing sensors. During a survey, the 
sensors, or cameras, photograph the land several 
times from multiple angles. Each image is then tagged 
with coordinates. In a manned aircraft, or with satellite 
imagery, the flight would take place at a higher altitude 
resulting in slower data retention. These options are more 
expensive and dependent on atmospheric conditions 
such as clear skies. 

of drones for inspections of bridges.   The inspections of 
bridges can be dangerous for the inspector. Inspectors 
are required to scale the bridges to get to the areas 
required to be inspected. The use of drones can provide 
the bridge inspector with a safe way to observe different 
areas of a bridge. The drones are able to broadcast live 
video from a camera to a monitor, enabling the inspector 
to receive real-time data of the inspection.  

A problem that arises on large construction job sites 
is the ability to track the location of delivered material 
on the job site. Drones equipped with radio frequency 
identification (RFID) readers are currently being used 
to track and locate material on the job site. RFID is a 
wireless communication technology, consisting of a 
tag and reader configuration. The tag attached to the 
material contains pre-written information describing its 
use and contents. The drone that is equipped with the 
RFID reader is able to locate the delivered material and 
convey to the pilot the precise location of the material and 
identify the information pre-written about the material.
Drones Usage in Municipal Engineering. Drones are 
crucial to supporting municipal projects and are valuable 
tools for inspection, surveying, and mapping. All these 
tools significantly support work on Municipal projects 
such as annual road paving programs, culvert and bridge 
design, park and recreational facilities, and township 
maintenance programs. With the exponential increase 
in flooding and its impacts, the demand for structural 
controls for stormwater management has become more 
critical. Providing rapid and high-resolution field data, 
drone technology can make stormwater management 
design more efficient.
Conclusion.

Drones are becoming more and more common in 
many sectors of the economy as they guarantee the 
fastest and most accurate collection of detailed data. 
This technology, which is developing at a very fast pace, 
means that drones have been used for increasingly 
complex tasks. They have become a crucial tool for the 
efficient work that survey technicians and engineers 
conduct. Drones and unmanned aircraft will be used 
by numerous enterprises and government agencies. 
Complementary technologies such as 5G, augmented 
reality, and computer vision are likely to drive drone 
market growth and improve drone communication and 
intelligence. As the usage of personal and commercial 
drones grows, government agencies will refine their laws 
and restrictions.  Many institutions are offering training 
on Drone use in Civil Engineering applications. Young 
engineers can get trained from these institutes and 
make use of the opportunity of a new field. Engineering 
Colleges can provide opportunities for training on Drones 
applications. It is a fast-developing field and has got 
tremendous growth potential for start-ups.

"As a pilot, I can tell you drones may be a lot of things; 
aeroplanes they are not." ~  Robin Hayes.

Structural Engineering

Municipal Engineering

Aerial Surveying

Drones effectively support the projects as: (a)  Site 
Reconnaissance. (b) Roadway Assessment. (c) Culvert/
Bridge Inspections. (d) Stream bank/Steep Slope Access. 
(e) Park and Open Space Aerial Imagery. (f) Water Tank/
Standpipe Inspection. (g) Building/Roof Inspection. 
(h) Treatment Plants. (i) Orthophotography. (j) Terrain 
Modelling. (k) 3D Mapping. (l) Construction Inspection.
Drones Usage in Structural Engineering. Drones play 
a big part in the support of the structural engineering 
industry. They are often used to carry out a project or 
inspection during construction in hard-to-reach areas. 
Structural engineers use the advantage of the UAV 
to collect high-resolution photos, enabling a precise 
assessment of the existing condition of the roof, skylights, 
as well as culverts and bridges. This technology is able 
to obtain a visual record more efficiently, faster, and 
safer for personnel. The camera may show damage, 
cracks, or deficiencies in buildings, reaching even the 
most difficult-to-reach locations of a structure. Drones 
are great for documenting the condition of the structures 
before the planned renovation or rehabilitation, and the 
owners get visual documentation of existing conditions. 
For instance, their application in bridge inspections 
holds quite important.  If there is a need to scan a 
bridge, entailing highly detailed information, drones get 
it done easier than ever before. They not only create an 
incredibly accurate visual representation of a bridge but 
also shorten its inspection time. They are structurally 
similar to helicopters, with several propellers. They have 
a limited range and speed, but high manoeuvrability and 
the ability to reach difficult locations. It’s a great option 
for bridge inspectors to obtain photos or videos of areas 
difficult to access.
Use of Drones in the Construction Industry 
Inspection.  “Eyes in the Sky: Bridge Inspections 
Unmanned Aerial Vehicles”, the report details their use 
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ïñ¢ Ìñ¤ð¢ðï¢î¤ù¢ «ñô´è¢è£ù¶ è¤óú¢ì¢ 
âù¢ø¬öð¢ð´è¤ù¢ø¶.  Þ¶ ðô Ü´è¢°è÷£è 
Ü¿î¢îñ£ùî£è î¤ìñ£ùî£è Þ¼è¢°ñ¢.  

Ü´è¢°è÷¢ Ü¬ùî¢¶ñ¢ Üõø¢ø¤ù¢ õ¤÷¤ñ¢¹è÷¤ô¢ 
åù¢ªø£ªì£ù¢Á ªð£¼ï¢î¤ò¤¼è¢è¤ù¢øù.  «ñô´è¢è¤ù¢ 
î¤í¢íñ¢, ï¤ôð¢ ðóð¢¹è÷¤ô¢ å¼ ñ£î¤ó¤»ñ¢, èìô®ò¤ô¢ 
«õÁ ñ£î¤ó¤»ñ¢ Ü¬ñòð¢ªðø¢Á÷¢÷¶.  è¤óú¢´è¢° 
Ü´î¢î ð°î¤ «ñù¢®ô¢ âù¢Âñ¢ ð°î¤ò£°ñ¢.  Þ¶ 
êø¢Á Þ÷è¤ò îù¢¬ñ»÷¢÷î£è Þ¼è¢°ñ¢.  Þé¢°÷¢÷ 
ð£¬ø ªõð¢ðî¢î£ô¢ à¼è¤, ªï¼ð¢¹è¢ °öñ¢ð£ò¢ 
à÷¢÷¶.  Þî¬ù «ñè¢ñ£ âù¢è¤ù¢«ø£ñ¢.  Þî¤ô¢î£ù¢ 
Ìñ¤ò¤ù¢ ðô¢«õÁ «ñô¢ îì¢´è¢èÀñ¢ ñ¤îï¢¶ 
ªè£í¢®¼è¢è¤ù¢øù.

«ñè¢ñ£õ¤ô¢ àí¢ì£°ñ¢ Ü¿î¢îî¢î¤ù£ô¢ Ü´è¢°è÷¢ 
ð£î¤è¢èð¢ð´è¤ù¢øù.  åù¢ªø£ªì£ù¢Á ðè¢èõ£ì¢®ô¢ 
àó²è¤ù¢øù.  «ïó®ò£è «ñ£¶è¤ù¢øù.  ñø¢ªø£ù¢Áìù¢ 
ºì¢´ñ¢«ð£¶ Üîù¢ è¦«ö ªêô¢è¤ù¢øù.  Üô¢ô¶ 
«ñ«ô ãø¤õ¤´è¤ù¢øù.  Þî¢î¬èò ï¤èö¢¬õî¢î£ù¢  
ï£ñ¢ ï¤ôï´è¢èñ¢ âù¢è¤ù¢«ø£ñ¢.
ï¤ôï´è¢è Ü¬ôèÀñ¢ Üîù¢ îù¢¬ñ»ñ¢

ï£ù¢° õ¤îñ£ù ï¤ôï´è¢è Ü¬ôè÷¢ Þ¶õ¬ó 
ªîó¤ò õï¢¶÷¢÷ù.  Üõø¢ø¤ô¢ Íù¢Á æì¢´ý£ñ¢ 
èí¢´ð¤®î¢î¬õ.  ñø¢ø¶ ã.ß.ªýê¢ôõ¢ âù¢ðõ£¢ 
èí¢´ð¤®î¢î¶.  Ü¬õè÷¤«ô ºîô¢ ï¤¬ôò¬ô 
Üô¢ô¶ Ü¬ô âùð¢ð´õ¶ ñø¢ø Ü¬ôè¬÷õ¤ìè¢ 
°¬øõ£ù Ü¬ô ï¦÷ñ¢ ªè£í¢ìî£°ñ¢.  Þ¬î 
î÷¢À Ü¬ô âù¢Áñ¢ °ø¤ð¢ð¤ìô£ñ¢.  Þõ¢õ¬ôè÷¢ 
Ü¿î¢î¤»ñ¢ ï¦í¢´ñ¢ ªêô¢ð¬õ.

Ü¬ô ªêô¢½ñ¢ «ð£è¢è¤«ô«ò Üµè¢ÃÁè÷¢ 
ºù¢Âñ¢ ð¤ù¢Âñ¢ Üî¤£¢ï¢¶ ªè£í¢®¼è¢°ñ¢.  
Þõ¢õ¬ôò¤ù¢ «õèñ¢ õ¤ù£®è¢° 5 ºîô¢ 8 è¤.ñ¦ 
Ý°ñ¢.  Þõ¢õ¬ô î¤ìð¢ªð£¼÷¢ Íôñ£è¾ñ¢, 
î¤óõð¢ ªð£¼÷¢ Íôñ£è¾ñ¢ ðó¾ñ¢.  Ýù£ô¢ 
î¤ìð¢ ªð£¼÷¤ô¢ Þîù¢ «õèñ¢ Üî¤èñ£è à÷¢÷¶.  
Ü¬ôè÷¢ î£ñ¢ îñ¢ õö¤ò¤½÷¢÷ ð£¬øè¬÷ ªêô¢½ñ¢ 
«ð£è¢è¤«ô«ò Ü¿î¢î¤»ñ¢ ï¦ì¢®»ñ¢ ªêò¢¶ ªè£í¢´ñ¢ 
ªêô¢½è¤ù¢øù.  ð¤. Ü¬ô âù¢ð¶ «ï£¢î¢î¤¬óò¤ô¢ 
ñ¤è «õèñ£èê¢ ªêô¢ôè¢Ã®ò¶.  âú¢ Ü¬ô âù¢ð¶ 
ãø¤»ñ¢ Þøé¢è¤»ñ¢, Üî£õ¶ ß.ê¤. ü¤ «ð£ô – 
ªêô¢ôè¢Ã®ò¶. 

åõ¢ªõ£¼ Ìèñ¢ðî¢î¤ù¢ «ð£¶ñ¢ Þï¢î Þóí¢´ 
Ü¬ôèÀñ¢ «ê£¢ï¢«î ªõ÷¤ð¢ð¤´ñ¢.  Ìèñ¢ðñ£ù¤ò¤ù¢ 
¶¬í»ìù¢ Þóí¢´, Íù¢Á  Þìé¢è÷¤ô¢ Þï¢î 
Ü¬ôè÷¤ù¢ Üî¤£¢¬õè¢ èí¢ìø¤ï¢¶ ó¤è¢ì£¢ Ü÷¾è÷¢  
ªõ÷¤ò¤ìð¢ð´è¤ø¶.  Þï¢î Ü¬ôè÷¢ êï¢î¤è¢°ñ¢ Þìñ¢ 
Ìèñ¢ð ¬ñòñ£èè¢ Ãøð¢ð´è¤ø¶.
ï¤ôï´è¢è ó¤è¢ì£¢ Ü÷õ¤ù¢ îù¢¬ñ

ªð£¶õ£è ªð¼ñ÷¾ ï¤ôï´è¢èé¢è÷¢ ê¤ô 
ªêèí¢´è÷¢ ñì¢´«ñ ãø¢ð´è¤ù¢øù.  ñ¤èð¢ ªðó¤ò 
ï¤ôï´è¢èªñù¢ø£ô¢, ã¿ ï¤ñ¤ìé¢è÷¢õ¬ó ãø¢ð´ñ¢ 
ó¤ì£¢ Ü÷¾ 5 ô¤¼ï¢¶ 6 Ýè àò¼ñ¢«ð£¶ Üîø¢° 
10 êîõ¤è¤î êè¢î¤»ñ¢, 6ô¤¼ï¢¶ 7 Ýè àò¼ñ¢ 
«ð£¶ 100 êîõ¤è¤î êè¢î¤»ñ¢ Üî¤èó¤è¢è¤ø¶.  Þ«î 
õ¤è¤îî¢î¤ô¢ ó¤è¢ì£¢ Ü÷¾è÷¢ àòó àòó Üîù¢ 
êè¢î¤»ñ¢ ðô ñìé¢° Üî¤èó¤è¢è¤ø¶.  â´î¢¶è¢è£ì¢ì£è 
Þï¢¶ð¢ ªð¼é¢èìô¤ù¢ (9 ó¤è¢ì£¢) ï¤ôï´è¢èî¢¬îê¢ 
ªê£ô¢ôô£ñ¢.  Üîù¢ ð£î¤ð¢¹ Üî¤è Ü÷õ£è 
Þ¼ï¢î¶.  Üîù¢ ð¤óî¤ðô¤ð¢ð£è Üï¢îñ£ù¢ î¦¾è÷¤ô¢ 
å¼ ñ£îî¢î¤ø¢°÷¢ ãøî¢î£ö 100 îì¬õè÷¢ ï¤ôñ¢ 
ï´é¢è¤ò¶ èõù¤è¢èî¢îè¢è¶.  
ï¤ô ï´è¢èî¢¬î  Ü÷è¢°ñ¢ è¼õ¤

î¬ôè¦ö¢ áêø¢°í¢´ è¼õ¤¬ò«ò ï¤ôï´è¢èî¢¬î 
Ü÷è¢èð¢ ðòù¢ð´è¤ù¢ø¶.  ï¤ôï´è¢è Ü¬ôè÷¢ 
õ¼ñ¢«ð£¶ áêø¢°í¢®ù¢ è¦ö¢ ªð£¼î¢îð¢ðì¢ì 
º¬ù Ìñ¤«ò£´ «ê£¢ï¢¶ Ü¬êò, Üîù¢ ñÁº¬ù 
Ü¬êò£ñô¤¼è¢è¤ø¶.  Ýù£ô¢ ïñè¢° Þ¬íè¢èð¢ðì£î 
º¬ù Ü¬êõ¶«ð£ô¢ «î£ù¢Áè¤ø¶.  Üñ¢º¬ùò¤ô¢ 
å¼ â¿¶«è£ô¢ Þ¬íè¢èð¢ðì¢ì£ô¢ Ü¶ å¼ î£÷¤ù¢ 
ñ¦¶ Ü¬êï¢¶ õ¬ó»ñ¢.  Ýè â÷¤î£èê¢ ªê£ù¢ù£ô¢, 
ï¤ôï´è¢èè¢ è¼õ¤ ªêò¢õîø¢°è¢ «î¬õò£ù ªð£¼ì¢è÷¢, 
áêø¢°í¢´, â¿¶«è£ô¢ ñø¢Áñ¢ î£÷¢ «ð£ù¢Á å¼ 
ðî¤¾ ªêò¢»ñ¢ ðóð¢¹.  Ýù£ô¢ Þè¢è¼õ¤¬òê¢ ªêò¢õ¶ 
Üõ¢õ÷¾ â÷¤îô¢ô.
ï¤ôï´è¢èñ¢ âé¢ªèé¢° ãø¢ð´ñ¢ ?

ªð£¶õ£è, Ìñ¤î¢îì¢´è÷¤ù¢ î¤í¢íñ¢ °¬øõ£ù, 
õ½õø¢ø ð°î¤è÷¤ô¢ ñø¢Áñ¢ Ìñ¤î¢îì¢´è÷¢, 
âð¢ð°î¤è÷¤ô¢ âô¢ô£ñ¢ åù¢«ø£ªì£ù¢Á 
Þ¬íè¤ù¢øù«õ£, Üé¢ªèô¢ô£ñ¢, «ñ½ñ¢ 
Ìñ¤î¢îì¢´è÷¢ ïè£¢ï¢¶ ªè£í¢®¼è¢¬èò¤ô¢ Üõø¢Á÷¢ 
ê¤ô åù¢¬ø õ¤ì¢´, ñø¢ªø£ù¢Á êø¢«ø õ¤ô°è¤ù¢øù.  
Üõ¢õ¤ìé¢è÷¤ô¢ Ü¶«ð£ô, ê¤ô îì¢´è÷¤ù¢ õ¤÷¤ñ¢¹è÷¢, 

Er.A.G.Marimuthuraj

ï¤ôï´è¢èñ¢
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ê¤ô Þìé¢è÷¤ô¢ ñø¢ø îì¢´è÷¤ù¢ õ¤÷¤ñ¢¹è«÷£´ 
«ñ£¶è¤ù¢øù.  Üð¢«ð£¶, Þù¢Âñ¢ ê¤ô «õ¬÷è÷¤ô¢ 
îì¢´è¢è÷¢ åù¢«ø£ªì£ù¢Á «ñ£¶ñ¢«ð£¶. àó²ñ¢ 
ð°î¤ò¤ô¢  «ñô¢«ï£è¢è¤ ºè´«ð£ô àí¢ì£è¤ù¢øù.  
Üð¢«ð£¶ñ¢  ï¤ôï´è¢èñ¢ ãø¢ðìô£ñ¢.
ï¤ôï´è¢èñ¢ õ¼ñ¢ºù¢ ªêò¢ò «õí¢®ò¶ âù¢ù 
?

ï¤ôï´è¢èñ¢ õóð¢«ð£è¤øªîù¢Á ªîó¤ï¢î£ô¢ àì«ù 
õ¦ì¢´è¢° ªõ÷¤«ò «ð£ò¢ õ¤´õ¶ ïô¢ô¶.  ï¤ô 
ï´è¢èî¢î¤ù¢ Üð£òñ¢ î¦¼ñ¢ õ¬ó î¤øï¢î ªõ÷¤ò¤«ô£ 
Üô¢ô¶ îø¢è£ô¤èñ£è Ü¬ñè¢èð¢ð´ñ¢ Ãì£óî¢î¤«ô£ 
Þ¼è¢è «õí¢´ñ¢.  âô¢ô£õø¢ø¤ø¢°ñ¢ «ñô£è, 
Ü¬ñî¤ò£è Þ¼è¢è «õí¢´ñ¢, ðîì¢ìð¢ðì¢ì£ô¢ Üî¤è 
î¦é¢° õ¤¬÷»ñ¢.

«ñø¢ð£èñ¢ èùñ£è Þ¼è¢°ñ¢ «ñ¬ê, 
Üôñ£ó¤, °÷¤£¢ð¢ðîùð¢ªðì¢® «ð£ù¢ø âô¢ô£ð¢ 
ªð£¼ì¢è¬÷»ñ¢ ²õ«ó£´ «ê£¢î¢¶ Þ¬íè¢è 
«õí¢´ñ¢.  àí¾ð¢ ªð£¼ì¢è÷¢, îí¢í¦£¢, à¬ì, 
ªñ¿°õ£¢î¢î¤, ¬èñ¤ù¢õ¤÷è¢°, ñ¼ï¢¶, «ó®«ò£, 
ªýô¢ªñì¢, ºî½îõ¤ð¢ªðì¢®, èñ¢ð÷¤, Ýè¤òõø¢¬øî¢ 
îò£ó£è ¬õî¢î¤¼è¢è «õí¢´ñ¢.  î÷¢í¦£¢ â´î¢¶ê¢ 
ªêô¢ô èí¢í£® ð£ì¢®¬ôõ¤ì ð¤÷£ú¢®è¢  ð£ì¢®ô¢ 
ïô¢ô¶. 

â÷¤î¤ô¢ î¦ð¢ðø¢øè¢Ã®ò ªð£¼ì¢è¬÷»ñ¢ 
ªõ®ñ¼ï¢¶è¬÷»ñ¢, ð£¶è£ð¢ð£ù Éóî¢î¤ô¢ ¬õè¢è 
«õí¢´ñ¢.  õ£» Ü´ð¢¹, ñ¤ù¢ Ü´ð¢¹ ñø¢Áñ¢ 
î÷¢í¦£¢è¢°ö£ò¢ Ü¬ùî¢¬î»ñ¢ Í®õ¤ì «õí¢´ñ¢.  
õ¦ì¢®½÷¢÷ Ü¬ùõ¼è¢°ñ¢  Þñ¢ñ£î¤ó¤ò£ù ªï¼è¢è® 
ï¤¬ôò¤ô¢ âù¢ù ªêò¢ò «õí¢´ªñù¢Á  ðò¤ø¢ê¤ 
Ü÷¤è¢è «õí¢´ñ¢.

ï¤ô ï´è¢èî¢¶è¢°ð¢ ð¤ù¢ ªè£÷¢¬÷ «ï£ò¢ 
ãø¢ðì£ñô¤¼ð¢ðîø¢è£è ²î¢îñ£ù àí¬õ»ñ¢,  
îí¢í¦¬ó»ñ¢ ðòù¢ð´î¢î «õí¢´ñ¢.  ð£ö¬ìï¢î 
ï¤¬ôò¤½÷¢÷ õ¦´è÷¤ô¤¼ï¢¶ñ¢ Ü¬ùõ¬ó»ñ¢ 
ªõ÷¤«òø¢ø¤õ¤ì «õí¢´ñ¢.  ãªùù¤ô¢ Þ¶«ð£ù¢ø 
õ¦´è÷¢î£ù¢ ºîô¤ô¢ Þ®ï¢¶õ¤´ñ¢.
ï¤ô ï´è¢èî¢î¤ù¢«ð£¶  ªêò¢ò «õí¢®ò¶

ðîì¢ìð¢ðìè¢Ãì£¶, Ìñ¤ Ü¬êõ¶ Ü¬ùõ¬ó»ñ¢ 
î¤è¤ô¬ìòê¢ ªêò¢»ñ¢, ï¤ôï´è¢èî¢î¤ù¢«ð£¶ õ¦ì¢®«ô£ 
Üô¢ô¶ «õÁ èì¢ìî¢î¤«ô£ Þ¼ï¢î£ô¢ àÁî¤ò£ù 
õ£êô¢ Üô¢ô¶ «ñ¬ê Üô¢ô¶ èì¢®½è¢° Ü®ò¤ô¢ 
ªêù¢Áõ¤ì «õí¢´ñ¢.  ªõ÷¤ð¢¹ø õ£ê½è¢° 
Ü¼è¤«ô£ Üô¢ô¶ ªõ÷¤ê¢²õ¬ó åì¢®«ò£ 
ï¤ø¢èè¢Ãì£¶.  Þ¶ ð£¶è£ð¢ð£ù Þìñô¢ô.  ªõ÷¤«ò 
ªêù¢ø£ô¢ ð£¶è£ð¢¹ Üî¤èñ¢ âù¢ø£ªô£ö¤ò ªõ÷¤«ò 
ªêô¢ôè¢Ãì£¶.

ï¤ô ï´è¢èî¢î¤ù¢«ð£¶ î¤øï¢î ªõ÷¤ò¤ô¢ Þ¼ï¢î£ô¢ 
Üé¢«è«ò Þ¼è¢è «õí¢´ñ¢.  è£ó¤ô¢ ªêù¢Á 
ªè£í¢®¼ï¢î£ô¢ ñóé¢è÷¢, èì¢ììé¢è÷¤ô¤¼ï¢¶ î÷¢÷¤ 
ï¤Áî¢î¾ñ¢.  ²õó¤ù¢ ªõ÷¤ð¢Ìê¢² ªêé¢èô¢ «ð£ù¢ø 
ªð£¼ì¢è÷¢ è¦«ö õ¤öô£ñ¢.  «ñ½ñ¢ î£ù¤ò¤é¢è¤ð¢ 

ð®è¢èì¢¬ìð¢ ðòù¢ð´î¢îè¢Ãì£¶.  Ãì¢ìñ£è 
Þ¼ï¢î£ô¢ ð®è¢èì¢®ô¢ õó¤¬êò£èê¢ ªêô¢ô «õí¢´ñ¢.
ï¤ôï´è¢èî¢¶è¢°ð¢ð¤ù¢ ªêò¢ò «õí¢®ò¶

ï¤ôï´è¢èñ¢ ï¤ù¢øð¤ù¢ Ü¬ùõ¬ó»ñ¢ 
è£ð¢ð£ø¢ø «õí¢®ò «õ¬ôè÷¢ Üî¤èñ¢ Þ¼è¢°ñ¢.   
Þ®ð£´è÷¤ô¢  ñ£ì¢®»÷¢÷õ£¢è÷¢, Ü¬ñî¤ò£èè¢ 
è£î¢î¤¼è¢è «õí¢´ñ¢.  º®ï¢î£ô¢ ãî£õ¶ ªð£¼¬÷ 
¬õî¢¶î¢îì¢® åô¤ªò¿ð¢¹ ñø¢øõ£¢è÷¤ù¢ èõùî¢¬î 
ß£¢è¢èô£ñ¢. 

ï¤ôï´è¢èî¢î£ô¢ ð£î¤è¢èð¢ðì£î ð°î¤ò¤ô¢ 
Þ¼ð¢ðõ£¢è÷¢ ð£î¤è¢èð¢ðì¢ì ñè¢èÀè¢°, ñ¼î¢¶õ àîõ¤ 
õ¼ñ¢õ¬ó, Üõ£¢èÀè¢°î¢ «î¬õò£ù Üî¢î¤ò£õê¤ò 
àîõ¤¹ó¤ò «õí¢´ñ¢.  ñ¤ù¢ê£óñ¢, âó¤õ£», îí¢í¦£¢ 
ñø¢Áñ¢ èö¤¾ï¦£¢ Þ¬íð¢¹è¬÷è¢ èõù¤è¢è¾ñ¢.  
Ü¬õ ð¿¶ðì¢®¼è¢èô£ñ¢.  êó¤ð¢ð´î¢¶õîø¢°ê¢ 
ê¤ô ï£ì¢è÷£èô£ñ¢.  Þõ¢õêî¤è÷¢ Þô¢ô£ñô¢ ê¤ô 
ï£ì¢è¬÷è¢ èìï¢î «õí¢®òî¤¼è¢°ñ¢.  âé¢è£õ¶ 
î¦ð¢ðø¢ø¤»÷¢÷î£ âù¢Á èõù¤î¢¶, î¦ò¬íð¢¹è¢ 
è¼õ¤è¬÷è¢ ªè£í¢´ Ü¬íè¢è «õí¢´ñ¢. 

Üó² Üô¢ô¶ ñ¦ì¢¹è¢°¿õ¤ô¤¼ï¢¶ õ£ªù£ô¤ 
Íôñ£è«õ£ Üô¢ô¶ «õÁõ¬èò£è«õ£ 
ªêò¢òð¢ð´ñ¢ Üø¤õ¤ð¢¹è¢è£èè¢ è£î¢î¤¼è¢è «õí¢´ñ¢.  
ñ¦í¢´ñ¢ Üî¤£¢ê¢ê¤è÷¢ õ¼õ¶ ðø¢ø¤»ñ¢, ñ¦ì¢¹ð¢ðí¤è÷¢ 
ðø¢ø¤»ñ¢ õ¤ðóé¢è÷¢ è¤¬ìè¢èè¢ Ã´ñ¢.  ñ¦ì¢¹è¢°¿è¢è÷¢ 
õöé¢°è¤ù¢ø àí¾, à¬ìè¬÷ ªð£Á¬ñò£è 
õó¤¬êò¤ô¢ ï¤ù¢Á õ£é¢è¾ñ¢, «ñ½ñ¢ Þöï¢î¬î âí¢í¤ 
õ¼ï¢¶õ¬îè¢ è£ì¢®½ñ¢, Þù¤ ïìè¢è Þ¼ð¢ðî¤ô¢ 
ïñ¢ð¤è¢¬è ¬õî¢¶ Þòé¢è «õí¢´ñ¢.
ï¤ôï´è¢èî¢¬îî¢ î£é¢°ñ¢ èì¢ìì õ®õ¬ñð¢¹

Ìèñ¢ðî¢î¤ù¢«ð£¶, Þ®ï¢¶ õ¤¿ï¢¶ ªï£Áé¢°ñ¢ 
èì¢ììé¢è÷£ô¢î£ù¢, Üî¤è Ü÷¾ àò¤£¢ê¢«êîñ¢ 
ãø¢ð´è¤ø¶.  Þ¬îî¢ îõ¤£¢è¢è Üî¤è â¬ì ªè£í¢ì 
èø¢è¬÷ Üî¤è Ü÷¾ ðòù¢ð´î¢¶õ¬îî¢ îõ¤£¢è¢è 
«õí¢´ñ¢.  Ý£¢.ê¤., è£ù¢è¤ó¦ì¢, ú¢¯£¢, ç¬ðð£¢ è¤÷£ú¢ 
ªð£¼÷¢è÷¢ «ð£ù¢øõø¢¬ø Üî¤è Ü÷õ¤ô¢ ðòù¢ð´î¢î 
«õí¢´ñ¢.  Üð¢«ð£¶î£ù¢ èì¢ììé¢è÷¢ ê£ò¢ï¢¶ 
õ¤¿ï¢î£½ñ¢, ªï£Áé¢è¤ê¢ ê¤îø£ñô¢ Þ¼è¢°ñ¢.  âù«õ 
Ductility Material-è¬÷  Üî¤è Ü÷õ¤ô¢ ðòù¢ð´î¢î¤ù£ô¢ 
èì¢ììé¢è÷¢ àÁî¤ò£è Þ¼è¢°ñ¢.

èì¢ììî¢î¤ù¢ Ü¬ùî¢¶ð¢ð°î¤»ñ¢, Ìñ¤»ìù¢ 
Þ¬íî¢¶è¢ (Anchorage System) èì¢ìð¢ðì «õí¢´ñ¢.  
èì¢´ñ£ùî¢î¤ù¢«ð£¶ õ¦´ Üô¢ô¶ èì¢ììî¢î¤ù¢ 
âï¢îð¢ ð°î¤»ñ¢ ¶í¢ì£è, îù¤ò£è Þô¢ô£ñô¢ âô¢ô£ð¢ 
ð°î¤»ñ¢ àÁî¤ò£è Þ¬íè¢èð¢ðì¢®¼è¢è «õí¢´ñ¢.  
Þîø¢° Continuous Lintelè¬÷ð¢ ðòù¢ð´î¢î «õí¢´ñ¢.  
«ñ½ñ¢ èì¢ììî¢î¤ù¢ Ü¬ùî¢¶ð¢ ð°î¤èÀñ¢ (è¦ö¢ 
ñø¢Áñ¢ «ñô¢ ð°î¤è÷¢) àÁî¤ò£è Þ¬íè¢èð¢ðì¢®¼è¢è 
«õí¢´ñ¢.  Üî£õ¶ ï£ø¢è£ô¤ò¤ù¢ ï£ù¢° è£ô¢èÀñ¢ 
°Áè¢°ê¢ êì¢ìé¢è÷£ô¢  Þ¬íè¢èð¢ðì¢®¼ð¢ð¶ «ð£ô¢ 
Þ¼è¢è «õí¢´ñ¢.

º®õ£è ï¤ôï´è¢è î£è¢è£î èì¢ììñ¢ âù¢Á â¶¾ñ¢ 
Þ¼è¢è º®ò£¶.   ï¤ôï´è¢èî¢¬îî¢ î£é¢èè¢Ã®ò 
èì¢´ñ£ùé¢è«÷ Þ¼è¢è º®»ñ¢.  



àôè«ñ Ýõ«ô£´ ñì¢´ñô¢ô£ñô¢ 
ðóðóð¢«ð£´ âî¤£¢ð££¢î¢¶è¢ªè£í¢´ Þ¼ï¢î 
å¼ ªðó¤ò êó¤î¢î¤ó ê£î¬ù¬ò êï¢î¤óò£ù¢-3  

ð¬ìî¢¶õ¤ì¢ì¶.  “Þï¢î¤ò õ¤í¢ªõ÷¤ Ýó£ò¢ê¢ê¤ 
ï¤ÁõùñÓ âù¢Á Ãøð¢ð´ñ¢ “Þú¢«ó£ ï¤Áõùñ¢Ó  
õ¤í¢í¤ô¢ ªêòø¢¬èè¢«è£÷¢è¬÷ ªê½î¢î¤ õ¼è¤ø¶.  
ï¤ô¾è¢° õ¤í¢èôù¢è¬÷ ÜÂð¢¹ñ¢ î¤øù¢ ªè£í¢ì 
ï£´è÷¤ù¢ õó¤¬êò¤ô¢ óû¤ò£,  Üªñó¤è¢è£, ê¦ù£,  
üð¢ð£Âè¢° Ü´î¢î Þìî¢î¤ô¢  Þï¢î¤ò£ ºù¢ùí¤ò¤ô¢ 
Þ¼è¢è¤ø¶.  Ìñ¤è¢°ñ¢ ï¤ô¾è¢°ñ¢ Þ¬ì«ò à÷¢÷ 
Éóñ¢ 3 ôì¢êî¢¶ 84 Ýò¤óñ¢ è¤«ô£ ñ¦ì¢ìó£°ñ¢.  
Þ¶õ¬óò¤ô¢ âô¢ô£ ï£´èÀ«ñ ï¤ôõ¤ù¢ õì 
¶¼õî¢î¤ô¢î£ù¢ Ýó£ò¢ê¢ê¤è¬÷ «ñø¢ªè£í¢ì¶.  
ªîù¢ ¶¼õî¢î¤ù¢ ðè¢èñ¢ ò£¼ñ¢ î¤¼ñ¢ð£î ï¤¬ôò¤ô¢ 
Üï¢î ºòø¢ê¤¬ò Þï¢î¤ò£ ¬èò¤ô¢ â´î¢î¶. êï¢î¤óò£ù¢ 
âù¢ø ªðòó¤ô¢ 3 õ¤í¢èôù¢è¬÷ ÜÂð¢ð¤ò¶ 
Þú¢«ó£.2008-ñ¢ Ýí¢´ Üè¢«ì£ð£¢ ñ£îñ¢ 22ï¢«îî¤ 
êï¢î¤óò£ù¢- 1  âù¢ø õ¤í¢èôñ¢ ãõð¢ðì¢ì¶.  ¼.386 
«è£® ªêôõ¤ô£ù Üï¢î õ¤í¢èôñ¢ ï¤ôõ¤ù¢ î¬óò¤ô¢ 
«ñ£î¤ õ¤¿ñ¢ õ¬èò¤ô¢ õ®õ¬ñè¢èð¢ðì¢ì¶. Þ¶ 
å¼ ªõø¢ø¤ð¢ðòíñ¢.

ï¤ôõ¤ô¢ îí¢í¦£¢ Þ¼ð¢ð¬î»ñ¢, Ü½ñ¤ù¤òñ¢, 
ªñù¢ù¦ê¤òñ¢, ê¤ô¤è¢è£ù¢ à÷¢÷¤ì¢ì èù¤ñ õ÷é¢è÷¢ 
Þ¼ð¢ð¬î»ñ¢ êï¢î¤óò£ù¢- 1 èí¢´ð¤®î¢î¶.  Ü´î¢î¶ 
êï¢î¤óò£ù¢-2  âù¢ø õ¤í¢èôñ¢ 2019-ñ¢ Ýí¢´ ü¨¬ô 
22ï¢«îî¤  ï¤ô¾è¢° ÜÂð¢ðð¢ðì¢ì¶.  ªñ¶õ£è 
î¬óò¤øé¢°õîø¢° ðî¤ô£è «õèñ£è «ôí¢ì£¢ 
Þøé¢è¤òî£ô¢ «î£ô¢õ¤ò¤ô¢ º®ï¢î¶.  âù¢ø£½ñ¢ 
ï¤ô¬õ ²ø¢ø¤õ¼ñ¢  Ý£¢ð¤ì¢ì£¢ ªî£ì£¢ï¢¶ ðô Üó¤ò 
îèõô¢è¬÷ ÜÂð¢ð¤ õ¼è¤ø¶.  «î£ô¢õ¤¬òè¢ èí¢´  
¶õ÷£î Þú¢«ó£ õ¤ë¢ë£ù¤è÷¤ù¢ î¦õ¤ó ºòø¢ê¤ò£ô¢ 
êï¢î¤ò£ù¢-3  âù¢ø õ¤í¢èôñ¢  õ®õ¬ñè¢èð¢ðì¢´ 
èìï¢î ñ£îñ¢ Üî£õ¶ ü¨¬ô 14ï «îî¤ Ýï¢î¤ó 
ñ£ï¤ôñ¢ ÿýó¤«è£ì¢ì£ ã¾î÷î¢î¤ô¢ Þ¼ï¢¶ 
õ¤í¢í¤ô¢ ãõð¢ðì¢ì¶. 

ï¦í¢ì ªï®ò ðòíñ£è 40 ï£ì¢è÷¢ ðòíñ¢ 
Þ¶. Þï¢î¤ò£¬õ õ¤ì ºù¢ù£ô¢ ªîù¢ ¶¼õî¢î¤ô¢ 
Þøé¢è¤õ¤ì «õí¢´ñ¢ âù¢ø º¬ùð¢ð¤ô¢ óû¢ò£ ½ù£-
25 âù¢ø õ¤í¢èôî¢¬î 11 ï£ì¢è÷¤ô¢ «ð£ò¢ê¢«ê¼ñ¢ 
õ¬èò¤ô¢ ÜÂð¢ð¤ò¶.  Ýù£ô¢ Üï¢î õ¤í¢èôñ¢ 
èì¢´ð¢ð£ì¢¬ì Þöï¢¶ ï¤ôõ¤ù¢ ÞÁî¤èì¢ì 
²ø¢Áð¢ð£¬î¬ò õ¤ì¢´ õ¤ôè¤ è¦«ö õ¤¿ï¢¶ 
ªï£Áé¢è¤ò¶.  ¹õ¤ õì¢ìð¢ð£¬î¬ò»ñ¢, ï¤ôõ¤ù¢ 
²ø¢Á õì¢ìð¢ð¬î¬ò»ñ¢ ªõø¢ø¤èóñ£è ²ø¢ø¤ õï¢î¶ 
ñì¢´ñô¢ô£ñô¢ ï£ì¢´ ñè¢è÷¢ Ü¬ùõ£¢ ñùî¤½ñ¢ 
î¤è¢ î¤è¢ âù¢Á Ü®è¢è, îù¢ «õèî¢¬î î¤ì¢ìñ¤ì¢ìð® 
°¬øï¢¶ êï¢î¤óò£ù¢-3 «ôí¢ì£¢ ªõø¢ø¤èóñ£è Ýèú¢ì 

23 Üù¢Á î¤ì¢ìñ¤ì¢ìîø¢° å¼ ï¤ñ¤ìî¢î¤ø¢° ºù¢ùî£è 
ñ£¬ô 6.03 ñí¤è¢° ï¤ôõ¤ô¢ î¬óò¤øé¢è¤ò¶.

î¬óò¤øé¢è 15 ï¤ñ¤ìé¢è«÷ Ýè¤ò¶ âù¢ø£½ñ¢ 
Üï¢î 15 ï¤ñ¤ìé¢è÷¤ô¢î£ù¢ Þï¢î î¤ì¢ìî¢î¤ù¢ º¿ 
ªõø¢ø¤«ò Þ¼ï¢î¶.  «ôí¢ì£¢ ï¤ôõ¤ô¢ Þøé¢è¤ò¾ìù¢ 
ï£ì¢´ ñè¢è÷¤ù¢ èó«è£ûºñ¢, ñè¤ö¢ê¢ê¤ °ó½ñ¢ 
õ¤í¢¬íð¢ð¤÷ï¢î¶.  ð¤ó¤è¢ú¢ ñ£ï£ì¢®ô¢ èôï¢¶ 
ªè£÷¢÷ ªîù¢ Ýð¢ð¤ó¤è¢è£ ªêù¢Á Þ¼ï¢î ð¤óîñ£¢ 
ï«óï¢î¤ó «ñ£®  Üé¢è¤¼ï¢¶ êï¢î¤ó£òù¢-3 ï¤ôõ¤ô¢ 
Þøé¢°õ¬î ð££¢î¢¶ «îê¤ò ªè£®¬ò Ü¬êî¢¶ 
îù¢ ñè¤ö¢ê¢ê¤¬ò è£ì¢®ù££¢.  Þ¶ ê£î£óí 
ê£î¬ùòô¢ô Þñ£ôò ê£î¬ù.3 ñí¤ «ïóñ¢ èö¤î¢¶ 
«ó£õ£¢ ªõ÷¤«ò õï¢î¶.  Ü´î¢î 14 ï£ì¢è÷¢ ï¤ôõ¤ù¢ 
ªîù¢ ¶¼õî¢î¤ô¢ ðô Ýó£ò¢ê¢ê¤è¬÷ «ñø¢ªè£í¢´ 
ðô ðìé¢¬è»ñ¢ â´î¢¶  Þï¢î¤ò£¾è¢° ÜÂð¢¹ñ¢.

“êï¢î¤óò£ù¢-3 ªõø¢ø¤ò¤ô¢ îñ¤ö¢ ñí¢í¤ù¢ 
¬ñï¢î£¢èÀè¢°ñ¢ ñí¢µè¢°ñ¢ ðé¢° àí¢´

ï¤ôõ¤ù¢  ªîù¢ ¶¼õî¢î¤ô¢ î¬óò¤øé¢è¤ò  
êï¢î¤óò£ù¢-3 õ¤í¢èô «ôí¢ì£¢ ªõø¢ø¤ò¤ô¢ 
îñ¤ö¢ï£ì¢¬ìê¢ «ê£¢ï¢î ºù¢ù£÷¢ üù£î¤ðî¤»ñ¢ 
õ¤ë¢ë£ù¤»ñ£ù ã.ð¤.«ü Üð¢¶ô¢èô£ñ¢ “êï¢î¤óò£ù¢- 
2 õ¤í¢ªõ÷¤ð¢ ðòí Þòè¢°ï£¢ ñò¤ô¢ê£ñ¤ 
Üí¢í£¶¬ó, î¤¼. K. ê¤õù¢  êï¢î¤óò£ù¢-3 î¤ì¢ì 
Þò¢°ï£¢ õ¦ó ºî¢¶«õô¢ Ýè¤«ò£¼è¢° ºè¢è¤ò ðé¢° 
àí¢´.  Þð¢ð® îñ¤ö¢ ñí¢í¤ù¢ ¬ñï¢î£¢èÀè¢° 
ñì¢´ñô¢ô îñ¤ö¢ ñí¢µè¢°ñ¢ êï¢î¤óò£ù¢ 3 õ¤í¢èô 
ªõø¢ø¤ð¢ ðòíî¢î¤ô¢ ðé¢° Þ¼è¢è¤ø¶ âù¢ø£ô¢ 
Ü¶î£ù¢ àí¢¬ñ. êï¢î¤óò£ù¢ 3 õ¤í¢èôî¢î¤ù¢ 
õ¤è¢óñ¢ «ôí¢ì£¢ ï¤ôõ¤ô¢ ï¤üñ£è î¬óò¤øè¢èð¢ð´îø¢° 
ºù¢«ð Ü¶ î¬óò¤øè¢èð¢ðì¢´ «ê£î¤è¢èð¢ðì¢ì¶ 
ïñ¶ ï£ñè¢èô¢ ñ£õì¢ì ñí¢í¤ô¢î£ù¢.  è£óíñ¢ 
ï¤ô¾ð¢ðóð¢¹ ñí¢µñ¢, ï£ñè¢èô¢ ñ£õì¢ìî¢î¤ù¢ 
ê¤î¢îñ¢Ìí¢®  °ù¢ùñ¬ô è¤ó£ñð¢ð°î¤ ñí¢µñ¢ 
ãøè¢°¬øò åù¢Á «ð£ô¢ Þ¼ð¢ð¶î£ù¢.

3 êï¢î¤ó£òù¢èÀè¢°«ñ îñ¤öèî¢¬î «ê£¢ï¢î 
õ¤ë¢ë£ù¤è«÷ î¤ì¢ì Þòè¢°ï£¢è÷£è Þ¼ï¢¶ 
Þ¼è¢è¤ø££¢è÷¢ âù¢ø õ¬èò¤ô¢ Þï¢î ªõø¢ø¤è¢° 
ªð¼ñ¢ ðé¢°, ªð¼ ñè¤ö¢ê¢ê¤ îñ¤ö¢ï£ì¢´è¢°î¢î£ù¢ 
Þ¼è¢è¤ø¶.  ªñ£î¢îî¢î¤ô¢ õ¤í¢ªõ÷¤ò¤ô¢ Þï¢î¤ò£ 
õô¢ôóê£è¤õ¤ì¢ì¶. 

êó¤î¢î¤óñ¢ ð¬ìî¢î¶ 

êï¢î¤óò£ù¢ -3
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 îñ¤öèî¢î¤ô ªêù¢¬ù ñ£ïèó£ì¢ê¤ ï¦é¢èô£è 
ð¤ø ð°î¤è÷¤ô¢  2 ºîô¢ 5 ãè¢è£¢ õ¬óò¤ô£ù 
ñ¬ùð¢ð¤ó¤¾èÀè¢°  ïèó£ì¢ê¤è÷¢, ñ£ïèó£ì¢ê¤ 
åð¢¹îô¢ Ü÷¤è¢è¾ñ¢, ªð£¶ èì¢ìì õ¤î¤è÷¤ù¢ 
Ü®ð¢ð¬ìò¤ô¢ ãø¢èù«õ ð¤øð¢ð¤è¢èð¢ðì¢ì 
àî¢îó¾è÷¢  õö¤è£ì¢´îô¢è¬÷ èõùî¢î¤ô¢ ¬õî¢¶ 
ñ¬ùð¢ð¤ó¤¾ åð¢¹îô¢ «è£ó¤ î£è¢èô¢ ªêò¢òð¢ðì¢ì 
õ¤í¢íð¢ðé¢èÀè¢° 60 ï£÷¤ô¢  åð¢¹îô¢ 
õöé¢°õîø¢è£ù Ý¬í¬ò ïèó£ì¢ê¤ ï¤£¢õ£è 
Þòè¢°ï£¢ ð¤øð¢ð¤î¢¶÷¢÷££¢.

 Ü´è¢°ñ£® °®ò¤¼ð¢¹è¬÷ õ£é¢è ºù¢õ¼ð 
õ£¢è÷¤ù¢ ªðò£¢è÷¤ô¢ Ýõíé¢è¬÷ ðî¤¾ ªêò¢ò 
ðî¢î¤óð¢ðî¤¾ Ü½õôèé¢èÀè¢°õ¼ñ¢«ð£¶ «ñø¢ð® 
ï¤ôî¢î¤ù¢ ð¤ó¤ðì£î ð£è ñ¬ùè¢è£ù õ¤è¢è¤¬óò 
Ýõíñ¢ îù¤ò£è¾ñ¢ èì¢´ñ£ù åð¢ðï¢î Ýõíñ¢ 
îù¤ò£è¾ñ¢  ðî¤¾ ªêò¢òð¢ð´è¤ø¶.

 ð¤ó¤ðì£î ð£èñ¬ùò¤ù¢ õ¤è¢è¤¬óò Ýõíî¢î¤ø¢° 
îø¢«ð£¶  ï¬ìº¬øò¤½÷¢÷ Üì¢ìõ¬íð¢ð® 
ñ¬ùò¤ù¢ êï¢¬î õö¤è£ì¢® ñî¤ð¢ð¤ø¢° 7% 
ºî¢î¤¬óî¢ î¦£¢¬õ»ñ¢ 2% ðî¤¾è¢èì¢ìíºñ¢ 
õÅô¤è¢èð¢ð´è¤ø¶.  Ü´è¢°ñ£® °®ò¤¼ð¢¹è¬÷  
õ£é¢°«õ£¼è¢°ñ¢ èì¢´ñ£ù ï¤Áõùî¢î££¢è¢°ñ¢ 
Þ¬ì«ò ãø¢ð´î¢î¤è¢ªè£÷¢Àñ¢ èì¢´ñ£ù 
åð¢ðï¢î Ýõùî¢î¤ø¢° Ü´è¢°ñ£® °®ò¤¼ð¢ð¤ù¢  
èì¢´ñ£ù õ¤¬ôè¢°  1% ºî¢î¤¬óî¢ î¦£¢¬õ»ñ¢ 
1% ðî¤¾è¢èì¢ìíºñ¢ õÅô¤è¢èð¢ðì¢´  õï¢î¶.  
Þï¢î ðî¤¾è¢èì¢ìíñ¢ ñì¢´ñ¢ 10.07.2023 ºîô¢ 2% 
àò£¢î¢îð¢ðì¢´ èì¢´ñ£ù  õ¤¬ôè¢° 1% ºî¢î¤¬óî¢ 
î¦£¢¬õ»ñ¢ 3% ðî¤¾è¢èì¢ìíºñ¢ õÅô¤è¢èð¢ðì¢´ 
õ¼è¤ø¶. Þï¢î ï¬ìº¬øò£ù¶ Ü´è¢°ñ£® 
°®ò¤¼ð¢¹è÷¢ èì¢ìð¢ð´õîø¢° ºù¢ð£è ðî¤¾ 
ªêò¢òð¢ð´ñ¢ Ýõíé¢èÀè¢°  ñì¢´«ñ ªð£¼ï¢¶ñ¢.

 Ü´è¢°ñ£® °®ò¤¼ð¢¹è÷¤ù¢ èì¢´ñ£ùñ¢ 
º¿õ¶ñ£è º®è¢èð¢ðì¢´ õöé¢èð¢ð´ñ¢ 
ï¤èö¢¾è÷¤ô¢Ãì Ü´è¢°ñ£® °®ò¤¼ð¢¬ð 
«ïó®ò£è ðòí£÷£¢èÀè¢°  õ¤øð¢¬ù è¤¬óòñ¢ 
â¿î¤ ªè£´î¢¶ Ý¬íð¢ ðî¤¾ ªêò¢õîø¢° 
ðî¤ô£è èì¢´ñ£ùñ¢ º®ï¢î ð¤ù¢ù¼ñ¢Ãì Üî¬ù 
Ý¬íòî¢î¤ô¢ ªîó¤õ¤è¢è£ñô¢ èì¢´ñ£ù åð¢ðï¢î 
ðî¢î¤óñ¢  ð¤ó¤ðì£î ð£è ñ¬ù õ¤è¢è¤¬óò ðî¢î¤óñ¢ 
âù¢Á ñì¢´«ñ â¿î¤ ðî¤¾ ªêò¢»ñ¢ ðöè¢èñ¢ 
2000è¢°ð¢ ð¤ù¢ù£¢ èì¢´ñ£ù ï¤Áõùé¢è÷£ô¢ 
ð¤ù¢ðø¢øð¢ðì¢´ õï¢î¶.

º¿¬ñò£è èì¢® º®è¢èð¢ðì¢ì Ü´è¢°ñ£® 
°®ò¤¼ð¢¹ ªî£ì£¢ð¤¬ù Ýõíé¢è÷¢ 7% 
ºî¢î¤¬óî¢ î¦£¢¬õ ñø¢Áñ¢ 2% ðî¤¾è¢èì¢ìíî¢î¤ô¢ 
Üó²è¢° «êó «õí¢®ò  Ã´îô£ù 5 % 
èì¢ìíñ¢ ªê½î¢îð¢ð´õ¬îî¢ îõ¤£¢ð¢ðîø¢è£è 
è¤¬óò ðî¢î¤óñ£è ðî¤¾ ªêò¢òð¢ì£ñô¢ 2020 
Üø¤¾¬óè¢°ð¢ ð¤ù¢ù£¢ 1% ºî¢î¤¬óî¢ î¦£¢¬õ ñø¢Áñ¢ 
3% ðî¤¾è¢èì¢ìíñ¢ ñì¢´«ñ ªê½î¢î¤ èì¢´ñ£ù 
àìù¢ð®è¢¬è Ýõíñ£è ðî¤¾ ªêò¢òð¢ðì¢´ 
îõø£è ðòù¢ð´î¢îð¢ðì¢´  õï¢î¶.

 Ýõíñ¢ ðî¤¾ ªêò¢»ñ¢«ð£¶ èì¢ììñ¢ Þ¼ð¢ð¬î 
Ýõíî¢î¤ô¢ °ø¤ð¢ð¤ì õô¤»Áî¢î «õí¢ì£ñ¢ 
âù èìï¢î 2020ñ¢ Ýí¢´ ê££¢ðî¤õ£÷£¢èÀè¢° 
Üø¤¾Áî¢îð¢ðì¢®¼ï¢îî£ô¢ Þ¶«ð£ù¢ø «ï£¢¾è÷¤ô¢ 
ê££¢ðî¤õ£÷£¢è÷¢ èì¢ììñ¢  °ø¤î¢î «è÷¢õ¤ â¿ð¢ð 
Þòô£î ï¤¬ô Þ¼ï¢¶ õï¢î¶. 

 Þõ¢õ£Á º¿¬ñò£è º®è¢èð¢ðì¢ì 
°®ò¤¼ð¢¹è¢è¬÷ õ£é¢°«õ££¢ èì¢´ñ£ù 
ï¤Áõùé¢è÷¤ìñ¤¼ï¢¶ è¤¬óòñ£è õ£é¢è£ñô¢ 
èì¢´ñ£ù åð¢ðï¢îñ¢  ñì¢´«ñ ðî¤¾ ªêò¢»ñ¢ ï¤¬ô 
ªî£ì£¢ï¢îî£ô¢ Üï¢î °®ò¤¼ð¢¬ð âî¤£¢è£ôî¢î¤ô¢ 
ñÁè¤¬óòñ¢ ªêò¢»ñ¢ «ð£¶ ð¤óê¢ê¬ù âöô£ñ¢. 

 Þî¬ù è¼î¢î¤ô¢ ªè£í¢«ì Ýõíé¢è÷¢ 
ðî¤õ¤ù¢«ð£¶ èì¢ììî¢î¤ù¢ èì¢´ñ£ùñ¢ ï¤¬ø¾ø¢ø 
ê£ù¢¬ø õô¤»Áî¢î «õí¢ì£ñ¢ âù ãø¢èù«õ 
õöé¢èð¢ðì¢ì Üø¤¾¬ó ñì¢´«ñ îø¢«ð£¶ 
õ£ðú¢ ªðøð¢ðì¢´÷¢÷«î îõ¤ó Ü´è¢°ñ£® 
°®ò¤¼ð¢¹è¢è£ù ºî¢î¤¬óî¢ î¦£¢¬õ ñø¢Áñ¢ ðî¤¾è¢ 
èì¢ìíñ¢ àò£¢î¢îð¢ðìõ¤ô¢¬ô.

 º¿õ¶ñ£è èì¢® º®è¢èð¢ðì¢ì °®ò¤¼ð¢¹è¬÷ 
õ£é¢°«õ££¢ èì¢´ñ£ù ï¤Áõùé¢è÷¤ìñ¤¼ï¢¶ 
«ïó®ò£è ð¤ó¤ðì£î ð£è ñ¬ù ñø¢Áñ¢ °®ò¤¼ð¢¹ 
Þóí¢¬ì»«ñ è¤¬óòñ£è ªðø¢Áè¢ ªè£÷¢õ¶ 
Þîù¢ Íôñ¢ àÁî¤ ªêò¢òð¢ðì¢´÷¢÷¶. 

 Þîù¢ Íôñ¢ Ü´è¢°ñ£® °®ò¤¼ð¢¹è÷¤ù¢ 
Ýõíð¢ðî¤¾ ªî£ì£¢ð£ù õ¤÷è¢èî¢¬î õí¤èõó¤ 
ñø¢Áñ¢ ðî¤õ¤î¢¶¬ø Üó² ªêòô£¢ ªð£¶ 
ñè¢èÀè¢° ªîó¤õ¤î¢¶÷¢÷££¢. 





77õ¶ ²îï¢î¤ó î¤ù õ¤ö£ ªè£í¢ì£ì¢ìñ¢
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17.08.2023 Üù¢Á ªîù¢ùè ñò¢ò õ÷£è Üóé¢è¤ô¢ ï¬ìªðø¢ø  
èôï¢î£ò¢¾è¢Ãì¢ìñ¢
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ªêù¢¬ù ñ£ïèó£ì¢ê¤ Ý¬íò£¢  
î¤¼. J. Þó£î£è¤¼û¢íù¢ Üõ£¢è¬÷ 
ñò¢òî¢î¬ôõ£¢ î¤¼. A. N. ð£ô£ü¤, 
ªêòô£÷£¢ î¤¼. R. ï¤ñ¢«ó£ì¢ 
Ýè¤«ò££¢ êï¢î¤î¢îù£¢. 
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Soil Nailing techniques to 
encounter landslide hazards in 
hilly area with case studies

Er.A.KARTHIKEYAN,M.E,M.I.E,MIGS, 
FIV. CHARTERED ENGINEER (INDIA) 
PROFESSIONAL ENGINEER (ECI)

LANDSLIDES
• In mountain regions consist of natural 

slope of rocks and soil mass.
• Due to slope stability problems mass 

movement of soil or rock or both 
resulted devastation of sloping land.

LANDSLIDE CAUSES
• Recent times manmade landslides 

increases than natural calamities.
•	 Manmade activities are nothing 

but….
•	 Adding more weight on slopes.
•	 Cutting of natural slopes.
•	 Blocking natural drainage system.
•	 Deforestation etc…
LANDSLIDE MITIGATION
•	 Landslides can be mitigated and 

managed by following methods…
•	 Maintain proper geometry of 

slopes.
•	 Hydrological management of 

ground water.
•	 Strength the soil / rock mass by 

external forces like Grouting and 
Nailing.

•	 Introduce earth retaining structures at vulnerable 
locations.

•	 Improve strong vegetation.
EARTH RETAINING STRUCTURES
•	 Earthen Dams
•	 Embankments (Highways And Railways)
•	 Retaining Walls
•	 Diapharagm Walls
•	 Continuious Piles
•	 Sheet Piles
•	 Reinforced Earth Wall
•	 Soil Nailing Technique
•	 Tunnels
CONVENTIONAL RETAINING WALLS
•	 Gravity Type Masonary Walls
•	 Reinforced Concrete Cantilever Walls
•	 Rcc Walls With Counter Fort
LIMITATIONS OF CONVENTIONAL RETAINING 
WALLS
•	 More Mass
•	 Labourious
•	 Costly
•	 More Space Required For Foundation
•	 Not Eco Friendly
•	 Not Suitable For More Height
•	 Almost Obsolate.
INNOVATIVE RETAINING WALLS
•	 Reinforced Earth Wall (Suitable For Filling)

•	 Soil Nailing Technique With Cladding Wall
(Suitable For Cut And Fill, Deep Excavation)
SOIL NAILING CONCEPT
Derived From Natural 
Concept Trees With 
Roots Withstands Soil 
Pressure,Seepage And 
Controls Soil Erossion.
FRICTION AND ANCHORAGE
• Friction is the force resisting the relative motion of solid 
surfaces

• Anchorage Is Arrest The Movement
NAILING IS NOT NEW
Nailing is a day to day activity in civil engineering – micro 
level

Soil Nailing is an innovative activity in Civil Engineeing – 
Macro Level
TYPES OF SOIL NAILS
• Driven nails
• Drilled and grouted nails
DRIVEN NAILS
COURTESY Dr. B.R.SRINIVASA MOORTHY 
PROFESSOR (RETD) IISc BANGALORE
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CASE STUDY 1 (DRILLED AND GROUTED NAIL)
• Karthikeyan Associates was appointed as Consultant 

– Structural & Geotechnical. For a Hotel Project at 
Kodaikanal.the Site Is Steep Slope (1 In 3) Almost 5 
Acres Spread.

• In This Project Landscaping and Land Development is 
not only biggest challenge but also cost sensitive.

HOTEL PROJECT SOIL CONDITION AT SITE

TECHNICAL DRAWINGS PULLOUT TEST

PULLOUT TEST

PULLOUT TEST
PULL OUT TENSION 

CALCULATION

HORIZONTAL 
DRILLING MACHINE GROUTED NAILS

LEVELING COURSE 
FOR GRADE BEAM

GRADE BEAM WITH 
DOWELS & INSERT PLATE

GROUTED NAIL & 
CLADDING WALL 

CONNECTION

CONNECTION OF CLADDING 
WALL & GROUTED NAIL BY 

WELDING

GRADE BEAM WITH 
DOWELS

CASTING OF 
CLADDING WALL

INSPECTION OF GROUTED 
NAIL & CLADDING WALL 
CONNECTION - WELDING

BACKFILLING

FRONT VIEW
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CASE STUDY 2- REHABILITATION OF RR MASONRY 
RETAINING WALL USING SOIL NAILING
• A 10m height RR masonry wall partially collapsed 
and cracked at many places at corner of a property in 
coonoor - Nilgiris Dt.
• Client approached us to give optimum and sustainable 
solutions.

SOIL REPORT FIELD BORE LOG

DESIGN & DETAILS

SITE PHOTOS BEFORE SOIL NAILING

MACHINE USED FOR 
DRILLING AND GROUTING

DURING SOIL NAILING

ON THE BACKFILL 
(AFTER SOIL NAILING)

Soil Nailing For Bridge 
Abutments

ROCK CORE SAMPLES 
COLLECTED

BIBLIOGRAPHY AND REFERENCES
• IS – 14680 (1999) Landslide Control - Guidelines
• "Reinforced Soil and its Engineering Applications", 

Swami Saran, I.K. International Pvt. Ltd., 2005.
• AASHO-(American Association of State Highway 

Officials) Journals.
• AS4678-2002 (Australian Standards).
• Advanced Foundation Engineering By V.N.S MURTHY- 

Ground Anchors.
• Soil Nailing for Stabilization of Steep Slopes near 

Railway Tracks – (Prepared by Dr.Amit Prashant, 
Ms.Mousumi Mukherjee IIT Kanpur.

CONCLUSION
• The soil-nailed retaining wall is considered to be 

effective in hilly regions.
•  The soil nailing was done in a complex ground 

conditions having both soil cover and weathered hard 
rock.

•   The pull out test conducted has confirmed that the 
designed nail capacity.

•   Cost analysis performed by comparing the designed 
soil- nailed wall and conventional retaining wall for this 
site indicated that the soil-nailed wall was economical 
for the present case study.

•   Thus this method proves to be more efficient in retaining 
steep slopes where very less space is available for 
construction of conventional retaining walls.

Thank you
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FENESTA SHOW ROOM
(Sri Kannan Ventures Pvt. Ltd.) 

First Floor, No.154, Mount Poonamallee Road, Porur, Chennai - 600116 
Office: 98840 71950 / 97898 71019 / srikannan@fenestadealers.com

Special-Price for
BAI MEMBERS

 20 years care & countless memories

10.08.2023
èì¢´ñ£ù ªð£ø¤ò¤òô¢ ¶¬øò¤ô¢ Þ÷é¢è¬ô ð®ð¢¬ð º®î¢î ñ£íõ£¢èÀè¢° «õ¬ô õ£ò¢ð¢¹ ãø¢ð´î¢î¤î¢ 
î¼õîø¢è£è Üõ£¢è¬÷ Ü¬öî¢¶ ñò¢òî¢î¬ôõ£¢ Üõ£¢è÷¢ Ý«ô£ê¬ù ïìî¢î¤ «î¬õð¢ð´ñ¢ ïñ¶ 
àÁð¢ð¤ù£¢èÀè¢° ðó¤ï¢¶¬ó ªêò¢î££¢. Þî¤ô¢ 15 ªð£ø¤ò¤òô¢ ñ£íõ£¢è÷¢ èôï¢¶ ªè£í¢ìù£¢.

15.08.2022 
77õ¶ ²îï¢î¤óî¤ù õ¤ö£õ¤¬ùªò£ì¢® 15.08.2023 Üù¢Á 10.30 ñí¤è¢° Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ¼ñ¢ 
è£ð¢ð£÷¼ñ£ù «êõ£óî¢ù£ ð¦û¢ñ£ î¤¼. R. Þó£î£è¤¼ì¢®íù¢ Üõ£¢è÷¢ «îê¤òè¢ªè£® ãø¢ø¤ò ï¤èö¢õ¤ô¢ 
Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ£¢ î¤¼. Mu. «ñ£èù¢ Üõ£¢è÷¢, ñò¢òî¢î¬ôõ£¢ ñø¢Áñ¢ ñò¢ò ï¤£¢õ£è¤è«÷£´ 
àìù® ºùù£÷¢ ñò¢òî¢î¬ôõ£¢ î¤¼. R.R. ÿî£¢ Üõ£¢è÷¢, ºù¢ù£÷¢ ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢, 
ñ£ï¤ôê¢ ªêòô£÷£¢ î¤¼. K. ªõé¢è«ìêù¢ Üõ£¢è÷¢, ºù¢ù£÷¢ è£ð¢ð£÷£¢è÷¢, î¤¼. J.R. «ê¶ó£ñô¤é¢èñ¢,  
î¤¼. K. Þó£ñ£Âüñ¢,  î¤¼. S. èíðî¤, ºù¢ù£÷¢ ñò¢òî¢î¬ôõ£¢ î¤¼. S. Þó£ñð¢ð¤ó¹.Üõ£¢è÷¢. ñø¢Áñ¢ ªêòø¢°¿, 
ªð£¶è¢°¿ àÁð¢ð¤ù£¢è÷¢ èôï¢¶ ªè£í¢ìù£¢. Üù¢Á ê¤øð¢¹ ñ¼î¢¶õºè£ñ¢ Üøè¢èì¢ì¬÷ õ÷£èî¢î¤ô¢ 
ï¬ìªðø¢ø¶. ñò¢òî¢î¬ôõ£¢ î¤¼. A.N. ð£ô£ü¤, Üõ£¢è÷¢ Üõó¶ Íî¢î ñè÷¤ù¢ ð¤øï¢îï£÷¤¬ùªò£ì¢® 
õ¼¬è îï¢î¤¼ï¢î Ü¬ùî¢¶ àÁð¢ð¤ù£¢èÀè¢°ñ¢ è£¬ôê¢ ê¤ø¢Áí¢® ãø¢ð£´ ªêò¢î¤¼ï¢î££¢.  

17.08.2023
ïñ¶ Üøè¢èì¢ì¬÷ õ÷£èî¢î¤ô¢ è£¬ô 10.30 ñí¤ò÷õ¤ô¢ Stop a Drop Emerging Trends and Developments in 
construction Chemicals for building âù¢ø î¬ôð¢ð¤ù¢ è¦ö M/s. FOSROC ï¤Áõùî¢î¤ù¢ Regional Sales Manager  
î¤¼. Ü¼í¢°ñ££¢ Üõ£¢è÷¢ Üø¤ºèñ¢ ªêò¢¶ ¬õè¢è FOSROC ï¤Áõùî¢î¤ù¢ Regional Specification Manager,  FOSROC 
South Region î¤¼. ñí¤èí¢ìù¢ ºî¢¶ ñ£í¤è¢èñ¢ Üõ£¢è÷¢ ê¤øð¢¹¬óò£ø¢ø èõï¢î£ò¢¾è¢Ãì¢ìñ¢ ï¬ìªðø¢ø¶. 
ñò¢òî¢î¬ôõ£¢ î¤¼. A.N. ð£ô£ü¤ Üõ£¢è÷¢ î¬ô¬ñ î£é¢è¤ ¶õè¢è¤ ¬õî¢î Þè¢èôï¢î£ò¢¾è¢Ãì¢ìî¢î¤ô¢ Üè¤ô 
Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ¼ñ¢ è£ð¢ð£÷¼ñ£ù «êõ£óî¢ù£ ð¦û¢ñ£ î¤¼. R. Þó£î£è¤¼ì¢®íù¢ Üõ£¢è÷¢ 
ê¤øð¢¹¬óò£ø¢ø¤ù££¢è÷¢.²ñ££¢ 150 àÁð¢ð¤ù£¢è÷¢, èôï¢¶ ªè£í¢ìù£¢. ñò¢òê¢ ªêòô£÷£¢ Üõ£¢è÷¢ ïù¢ø¤»¬ó 
õöé¢è ñî¤ò õ¤¼ï¢«î£´ èôï¢î£ò¢¾è¢Ãì¢ìñ¢ ï¤¬ø¾ø¢ø¶. 

18.08.2023
5õ¶ ªêòø¢°¿ Ãì¢ìñ¢ Hotel Sai Baba-õ¤ô¢ î¤¼. S. èíðî¤, î¤¼. M. «êè£¢, î¤¼. A. ªüòê¦ôù¢,  
î¤¼. G. ªêô¢õ°ñ££¢ Ýè¤«ò£ó¤ù¢ àðêó¤ð¢ð¤ô¢ ï¬ìªðø¢ø¶.

25.08.2023
ªêù¢¬ù ñ£ïèó£ì¢ê¤ Ý¬íò£¢ î¤¼. J, ó£î£è¤¼û¢íù¢  Üõ£¢è¬÷ ñò¢òî¢î¬ôõ£¢ î¤¼. A.N. ð£ô£ü¤,  
ªêòô£÷£¢ î¤¼. R. ï¤ñ¢«ó£ì¢, ºù¢ù£÷¢ ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢ Ýè¤«ò££¢ êï¢î¤î¢¶ ï¤½¬õò¤ô¢ 
à÷¢÷ ð¤ô¢ ªî£¬è õöé¢è¾ñ¢, package Tender ðø¢ø¤ò «è£ó¤è¢¬èè÷¢ Üìé¢è¤ò «è£ó¤è¢¬è ñÂõ¤¬ù  
Ü÷¤î¢îù£¢. 
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INGENIOUS STEEL,
INTEGRATING STRENGTH
& DURABILITY  FOREVER.

SURYADEV ALLOYS AND POWER PRIVATE LIMITED


