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Ýê¤ó¤ò˜ ñì™
Üù¢¹¬ìò¦˜ õíè¢è‹,
îñ¤öèî¢î¤ô¢ Ýì¢ê¤ ñ£ø¢øñ¢ ï¤èö¢ï¢î ð¤ù¢ èì¢´ï£¢ õô¢½ï£¢ êé¢èî¢î¤ù¢
ï¦í¢ì ï£÷¢ «è£ó¤è¢¬èè÷¢ ï¤¬ø«õÁñ¢
âù¢è¤ø ïñ¢ð¤è¢¬è å÷¤è¢è¦ø¢Á
«î£ù¢ø¤»÷¢÷¶ âù «ñ ñ£î Þîö¤ô¢ °ø¤ð¢ð¤ì¢®¼ï¢«î£ñ¢. ïñ¶ ïñ¢ð¤è¢¬è
õ¦í¢ «ð£è£î õí¢íñ¢ ¶¬ø ê££¢ï¢î ñ£í¢¹ñ¤° Ü¬ñê¢ê£¢ Üõ£¢è÷¢
êé¢è ï¤£¢õ£è¤è÷¢ ñø¢Áñ¢ åð¢ðï¢îî£ó£¢è¬÷ Ü¬öî¢¶ è¼î¢¶è¢«èì¢¹è¢
Ãì¢ìñ¢ ïìî¢î¤ Üî¬ù ªî£ì£¢ï¢¶ ïñ¶ «è£ó¤è¢¬èè÷¤ô¢ à÷¢÷ ï¤ò£òî¢¬î
èôï¢î£ò¢¾ ªêò¢¶ Üó² ïô¢ Üø¤õ¤ð¢¹è¬÷ ªõ÷¤ò¤ì¢´ èì¢´ï£¢è¬÷
ñè¤ö¢ê¢ê¤è¢ èìô¤ô¢ Ýö¢î¢î¤»÷¢÷¶.
ïñ¶ «è£ó¤è¢¬èè¬÷ ªêõ¤ ñ´è¢è£î è£ôñ¢ èìï¢¶ «ð£ò¢ Þ¼÷¢ ï¦é¢è¤ å÷¤ ªõ÷¢÷ñ¢
ð£ò¢ï¢î¶ «ð£ô ðî¤¾ ªêò¢òð¢ðì¢´ åð¢ðï¢îé¢è÷¤ô¢ ðé¢«èø¢°ñ¢ î°î¤»÷¢÷ åð¢ðï¢îè¢è£ó£¢è÷¢
îé¢è÷¢ ð°î¤ò¤ô¢ à÷¢÷ Üó² åð¢ðï¢îé¢è÷¤ô¢ ðé¢«èø¢è º®ò£îð® î¬ì ªêò¢òð¢ðì¢®¼ï¢î
Üõô ï¤¬ô ï¦è¢èð¢ðì¢´ Package Tender ê¤ð¢ðï¢î åð¢ðï¢îº¬ø âù¢ð¬î ï¦è¢è¤ î°î¤»÷¢÷
Ü¬ùî¢¶ åð¢ðï¢îè¢è£ó£¢èÀñ¢ åð¢ðï¢îî¢î¤ô¢ ðé¢«èø¢°ñ¢ å¼ ïô¢ô º®¾ «ñø¢ªè£÷¢÷ð¢ðì¢´
Üóê£ô¢ Üø¤õ¤ð¢¹ ªõ÷¤ò¤ìð¢ðì¢´÷¢÷¶. î¬ô¬ñð¢ªð£ø¤ò£÷£¢, èí¢è£í¤ð¢¹ ªð£ø¤ò£÷£¢
ñø¢Áñ¢ ªêòø¢ ªð£ø¤ò£÷£¢èÀè¢è£ù ªî£ö¤ô¢¸ì¢ð ñø¢Áñ¢ åð¢ðï¢îð¢¹÷¢÷¤èÀè¢è£ù åð¢¹îô¢
õöé¢°ñ¢ Üî¤è£ó õóñ¢ð¤¬ù àò£¢î¢î¤ Üóê£ô¢ àî¢îóõ¤ìð¢ðì¢´÷¢÷¶.
Ü«î «ð£ù¢Á åð¢ðï¢îè¢è£ó£¢è÷¤ù¢ ðî¤¾ º¬ø¬ò â÷¤¬ñò£è¢è¤ î°î¤»÷¢÷
åð¢ðï¢îè¢è£ó£¢è÷¢ Üõóõ£¢ ð°î¤ò¤ô¢ à÷¢÷ «è£ì¢ì Ü½õôèî¢î¤«ô«ò ðî¤¾ ªêò¢»ñ¢º¬ø
Üø¤õ¤è¢èð¢ðì¢´÷¢÷¶. Ýí¢´«î£Áñ¢ ¹¶ð¢ð¤î¢îô¢ ªêò¢î¬ô óî¢¶ ªêò¢¶ Íù¢ø£í¢´è¢°
å¼ º¬ø ¹¶ð¢ð¤è¢è õ¬è ªêò¢î¶, åð¢ðï¢î ºù¢ î°î¤è¢° (Pre Qualification) ¼ð£ò¢ 2.00
«è£® âù¢ð¬î 5.00 «è£®ò£è àò£¢î¢î¤ Üø¤õ¤î¢î¶, °õ£ó¤ Ü¬ñõ¤ìî¢¬î Ýó£ò¢ï¢¶
Éóî¢¬î èíè¢è¦´ ªêò¢¶ «õ¬ôè¢° àí¢ì£ù ñî¤ð¢ð¦´è¬÷ îò££¢ ªêò¢ò àî¢îóõ¤ì¢ì¶,
°®ò¤¼ð¢¹, õí¤è õ÷£èñ¢ ñø¢Áñ¢ èô¢õ¤è¢Ãìé¢è÷¢ èì¢´ñ£ùî¢î¤ø¢° 27,000 ê¶ó Ü®»ñ¢
ªî£ö¤ø¢ê£¬ôèÀè¢° 1.00 Þôì¢êñ¢ ê¶ó Ü® õ¬ó õ¬óðì ÜÂñî¤ õöé¢°õ¬î
(Plan Approval), ñ£õì¢ì Ü÷õ¤ô£ù Üî¤è£ó¤è«÷ «ñø¢ªè£÷¢÷ Ý¬íªõ÷¤ò¤ì¢ì¶,
ïèó¬ñð¢¹î¢¶¬øò£ù DTCP ð°î¤è÷¤ô¢
ï¤ô õ¬èð¢ð£´ ñ£ø¢øñ¢ (Reclassification)
ªî£ì£¢ð£è à÷¢À£¢ î¤ì¢ì °¿ñ Ü÷õ¤ô¢ º®¾è÷¢ â´è¢è Üî¤è£óð¢ ðè¤£¢¾ ªêò¢î¶ «ñ½ñ¢
Üó² ê¤ªñí¢ì¢ °¬øï¢î õ¤¬ôò¤ô¢ õöé¢è Ýõù ªêò¢õî£è Üø¤õ¤ð¢¹è÷¢ ªõ÷¤ò¤ì¢ì¶.
ïñ¶ ðô «è£ó¤è¢¬èè¬÷ ñ¤èè¢ °Áè¤ò è£ôî¢î¤ô¢ ï¤¬ø«õø¢ø¤ èì¢´ï£¢è÷¤ù¢
õ£ö¢õ£î£óî¢¬î õ½ð¢ð´î¢î¤ò ñ£í¢¹ñ¤° îñ¤öè ºîô¢õ£¢ ñø¢Áñ¢ ¶¬ø ê££¢ï¢î ñ£í¢¹ñ¤°
Ü¬ñê¢ê£¢ ªð¼ñè¢èÀè¢° ñè¤ö¢ê¢ê¤»ìù¢ ñùñ££¢ï¢î ïù¢ø¤. ñè¢è÷¢ ïôñ¢ è£è¢°ñ¢ ïô¢ô£ì¢ê¤¬ù
õ£ö¢î¢î¤ õíé¢è¤ ïù¢ø¤ò¤¬ù ªõ÷¤ð¢ð´î¢î èì¬ñð¢ðì¢´÷¢«÷£ñ¢.
		
		

°®îö¦Þè¢ «è£ô£ê¢²ñ¢ ñ£ï¤ô ñù¢ùù¢
Ü®îö¦Þ ï¤ø¢°ñ¢ àô°

						

âù¢Áñ¢ Üù¢¹ìù¢
S. Üò¢òï£îù¢
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- î¤¼è¢°ø÷¢

Üù¢ð££¢ï¢î õíè¢èñ¢,

ñŒòˆî¬ôõ˜ ñì™

îñ¤öèî¢î¤ô¢ ¹î¤î£è Ü¬ñï¢¶÷¢÷ Üó² Þõ¢õ£í¢®ø¢è£ù ï¤î¤ ï¤¬ô
Üø¤è¢¬è îò£ó¤ð¢ð¶ êñ¢ñï¢îñ£è ºù¢ Ý«ô£ê¬ù ïìî¢¶õîø¢° ïñ¶
êé¢èî¢î¤¬ù Ü¬öî¢î¤¼ï¢î¶.
ñ£ï¤ôî¢ î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢,
ñò¢òî¢¶¬íî¢î¬ôõ£¢ î¤¼. R.R. ÿî£¢ Ýè¤«ò££¢ ºù¢ Ý«ô£ê¬ùè¢
Ãì¢ìî¢î¤ô¢ ñ£í¢¹ñ¤° ï¤î¤ ñø¢Áñ¢ ñù¤î õ÷ «ññ¢ð£ì¢´ Ü¬ñê¢ê£¢,
õí¤èõó¤ ñø¢Áñ¢ ðî¤¾î¢¶¬ø Ü¬ñê¢ê£¢ Üõ£¢è÷¤ìñ¢ ïñ¶ èì¢´ï£¢ êé¢è
è¼î¢¶¼è¢è¬÷ ðî¤¾ ªêò¢îù£¢.
ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢
Üõ£¢è÷¢ ñ£í¢¹ñ¤° ªî£ö¤ô¢¶¬ø Ü¬ñê¢ê£¢ î¤¼. îé¢èñ¢ ªîù¢ùó²
Üõ£¢è¬÷ êï¢î¤î¢¶ ïñ¶ êé¢è àÁð¢ð¤ù£¢èÀè¢° °¬øï¢î õ¤¬ôò¤ô¢
Üó² ê¤ªñí¢ì¢®¬ù õöé¢èè¢«è£ó¤ Ý«ô£ê¬ù «ñø¢ªè£í¢´ õï¢î££¢. Ü¬ñê¢ê£¢
Üõ£¢è÷¤ù¢ Üø¤¾¬óò¤ù¢ð® îñ¤ö¢ï£´ ê¤ªñí¢ì¢ú¢ «ñô£í¢ Þòè¢°¬ó ñ£ï¤ôî¢î¬ôõ£¢
î¤¼. R. ê¤õè¢°ñ££¢, àìù® Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ£¢ î¤¼. Mu «ñ£èù¢ Üõ£¢è«÷£´
ï£Âñ¢ ªêù¢Á êï¢î¤î¢¶, ïñ¶ «î¬õè¢° ãø¢ð ê¤ô î÷£¢¾è÷¢ õöé¢è «è£ó¤«ù£ñ¢.
ïñ¶ î£òèî¢î¤ù¢ 75õ¶ ²îï¢î¤ó î¤ùî¢¬î 15.08.2021 Üù¢Á ïñ¶ Ü½õôè õ÷£èî¢î¤ô¢
è£¬ô 8.30 ñí¤è¢° Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ£¢ ð¦û¢ñ£ R. Þó£î£è¤¼û¢íù¢ Üõ£¢è÷¢
«îê¤òè¢ ªè£®«òø¢ø ªõ° õ¤ñó¤¬êò£è ªè£í¢ì£®«ù£ñ¢. 50 Ýí¢´èÀè¢°ñ¢ «ñô£è
èì¢´ï£¢ êºîò£î¢î¤ø¢è£è«õ îù¢¬ù Üø¢ðí¤î¢¶è¢ªè£í¢´ ïñ¢¬ñ âù¢Áñ¢ õö¤ïìî¢î¤
ªêù¢Á ªè£í¢®¼è¢°ñ¢ ð¦û¢ñ£ î¤¼. R. Þó£î£è¤¼û¢íù¢ Üõ£¢èÀè¢° âù¶ ñùñ££¢ï¢î
ïù¢ø¤ò¤¬ù àó¤î¢î£è¢°è¤«øù¢. Þï¢ï¤èö¢ê¢ê¤ò¤ô¢ ñò¢ò ï¤£¢õ£è¤è«÷£´ àìù® Üè¤ô Þï¢î¤ò
ºù¢ù£÷¢ î¬ôõ£¢ î¤¼. Mu. «ñ£èù¢ Üõ£¢è÷¢ ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢ Üõ£¢è÷¢,
ªîù¢ ñí¢ìô ªêòô£÷£¢ î¤¼. K. ªõé¢è«ìêù¢ Üõ£¢è÷¢, ñ£ï¤ôê¢ ªêòô£÷£¢ î¤¼. S.
ó£ñð¢ð¤ó¹ Üõ£¢è÷¢, ñ£ï¤ôð¢ ªð£¼÷£÷£¢ î¤¼. T.V. êï¢î¤ó«êè£¢ Üõ£¢è÷¢, ºù¢ù£÷¢ è£ð¢ð£÷£¢
î¤¼. J.R. «ê¶ó£ñô¤é¢èñ¢ Üõ£¢è÷¢ àì¢ðì 50è¢°ñ¢ «ñø¢ðì¢ì àÁð¢ð¤ù£¢è÷¢ èôï¢¶ ªè£í¢´
ê¤øð¢ð¤î¢îù£¢.
èìï¢î 23.08.2021 Üù¢Á ªîù¢ùè ñò¢òî¢î¤ù¢ äï¢î£õ¶ ªêòø¢°¿ Ãì¢ìî¢î¤ô¢ ïñ¶
êé¢è ï¤óï¢îó àÁð¢ð¤ù¼ñ¢, î£ñ¢ðóñ¢ ñò¢ò ê£êùî¢î¬ôõ¼ñ£è¤ò î¤¼. Ïð¤. R. ñ«ù£èóù¢
Üõ£¢è÷¢ êì¢ì ñù¢ø àÁð¢ð¤ùó£è ï£é¢è¤«ïó¤ ªî£°î¤ò¤ô¢ «î£¢ï¢ªî´è¢èð¢ðð¢ìì¬ñè¢è£è
ê¬ðò¤ô¢ è¾óõ¤è¢èð¢ðì¢ì££¢. ïñ¶ ªîù¢ùè ñò¢òî¢«î£´ Þ¬íï¢¶ ðô¢«õÁ Ãì¢´
ïìõ®è¢¬èè÷¢ «ñø¢ªè£÷¢Àñ¢ ºèñ£è ¹ó¤ï¢¶í£¢¾ åð¢ðï¢îñ¢ åù¢Á ÿ ²ð¢ð¤óñí¤ò ï£ì££¢
ªð£ø¤ò¤òô¢ èô¢½ó¤»ìù¢ «ñø¢ªè£÷¢÷ð¢ðì¢ì¶ âù¢ðî¬ù ªîó¤õ¤î¢¶è¢ ªè£÷¢è¤«øù¢.
ªêù¢ø Þîö¤ô¢ Üè¤ô Þï¢î¤ò èì¢´ï£¢ ñ£ï£ì¢®¬ù ïìî¢¶õîø¢è£ù ãø¢ð£´è÷¢
ªî£ìé¢èð¢ðì¢´ õ¤ì¢ì¬î ªîó¤õ¤î¢î¤¼ï¢«îù¢. îø¢«ð£¶ õ¼ñ¢ ð¤ð¢óõó¤ 11, 12 ñø¢Áñ¢ 13
«îî¤è÷¤ô¢ ñ£ñô¢ô¹óî¢î¤ô¢ à÷¢÷ Radisson Blue Resort Temple Bay–ô¢ ï¬ìªðø à÷¢÷¶
âù¢ð¬î ñè¤ö¢ê¢ê¤»ìù¢ ªîó¤õ¤î¢¶è¢ ªè£÷¢è¤«øù¢. ñ£ï£ì¢®ø¢è£ù ¸¬ö¾è¢ èì¢ìíñ£è
àÁð¢ð¤ù£¢èÀè¢° Ï.12,000/- Ýè¾ñ¢, Spouse–ø¢° Ï.10,000/- âù¾ñ¢, àÁð¢ð¤ù£¢ Üô¢ô£î
õ¤¼ï¢î¤ù¼è¢° Ï.15,000/- âù¾ñ¢ ï¤£¢íò¤è¢èð¢ðì¢´÷¢÷¶. Üè¢«ì£ð£¢ 31ï¢«îî¤è¢°÷¢ ðî¤¾
ªêò¢ðõ£¢èÀè¢°
ê½¬è èì¢ìíñ£è àÁð¢ð¤ù£¢èÀè¢° 10,000/-S
- pouse Ï.8000/-- âù¾ñ¢
àÁð¢ð¤ù£¢ Üô¢ô£î õ¤¼ï¢î¤ù£¢èÀè¢° 13,000/-- âù¾ñ¢ ï¤£¢íò¤è¢èð¢ðì¢´÷¢÷¶. àÁð¢ð¤ù£¢è÷¢
Ü¬ùõ¼ñ¢ Þõ¢õ£ò¢ð¢ð¤¬ù ðòù¢ð´î¢î¤ Üè¢«ì£ð£¢ 31è¢°÷¢ ðî¤¾ ªêò¢¶ ªè£÷¢Àñ£Á
«èì¢´è¢ ªè£÷¢è¤«øù¢.
Þ¬î«ò âù¶ «ïó® Ü¬öð¢ð£è ãø¢Á Ü¬ùõ¼ñ¢ îõø£¶ õ¤¬óï¢¶ ºù¢ ðî¤¾
ªêò¢¶ ñ£ï£ì¢®ô¢ èôï¢¶ ªè£÷¢÷ Üù¢«ð£´ «õí¢´è¤«øù¢.
âù¢Áñ¢ Üù¢¹ìù¢

L. ê£ï¢î°ñ££¢
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Developments in the design of
Steel Concrete Composite
Earthquake resisting systems for
Tall buildings
1 INTRODUCTION
Rigid frames connect the columns and
girders via moment-resistant connections. The
lateral stiffness of a rigid frame depends on the
bending stiffness of the columns, girders and
connections to the frame. A major advantage of the
rigid frame is the open rectangular spaces which
allow greater planning for windows and doors. Rigid
frames typically span 7 m to 10 m bays. When used
as the sole lateral load resisting system, rigid frames
are economical up to 25 stories. Above that height,
they are too flexible. Increasing the member sizes
would call for uneconomical solutions. Rigid frames
are used in both steel and reinforced concrete,
because of the inherent rigidity of the joints.
Composite Steel frames are costly and takes more
effort to stiffen the moment-resistant connections.
The size of the columns and girders at any level
are directly proportional to the external shear at that
level. Therefore, they increase in size towards the
base. Floor designs are not repetitive as in the case
of braced frames. Ceiling height also increases
towards the base because of the larger girders at
the base. Therefore the story heights may vary.
2 COMPOSITE COUPLED SHEAR WALL
SYSTEM
Reinforced concrete planar solid or coupled
shear walls have been one of the most popular
systems used for high-rise construction to resist
lateral forces caused by wind and earthquakes
[Mir.M.Ali and Kyoung Sun Moon, 2007]. They
are treated as vertical cantilevers fixed at the
base. When two or more shear walls in the same
plane are interconnected by beams or slabs, as
is the case with shear walls with door or window
openings, the total stiffness of the system exceeds
the sum of the individual wall stiffness put together.
This is so because the connecting beam forces
the walls to act as a single unit by restraining their
individual cantilever actions. These systems are
known as coupled shear walls. Shear walls used
in tall office buildings are generally located around
service and elevator cores, and stairwells. In fact,
in many tall buildings, the vertical solid core walls
that enclose the building services can be used
to stabilize and stiffen the building against lateral
loads [Fintel M,1974]. Many possibilities exist with
single or multiple cores in a tall building with regard
to their location, shape, number, and arrangement.
The core walls are essentially shear walls that can
be analyzed as planar elements in each principal
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A.R.Santhakumar

Former Emeritus Professor,
Department of Civil
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direction or as three-dimensional elements using
computer programs. The ductility of the system can
be enhanced by providing diagonally reinforced
coupling beams. They pose construction difficulties.
Composite coupling beams in the form of Link
Elements in steel offer very good alternative and
results in superior performance.
3 SHEAR TRUSS FRAME INTERACTION
SYSTEMS
Rigid frames may be combined with vertical
steel trusses or reinforced concrete shear walls to
create shear wall (or shear truss)-frame interaction
systems. Rigid frame systems are not efficient for
buildings over 30 stories in height because the
shear racking component of deflection caused by
the bending of columns and girders causes the
building to sway excessively. On the other hand,
vertical steel shear trusses or Composite concrete
shear walls alone may provide resistance for
buildings up to about 10 or 35 stories depending
on the height-to-width ratio of the system. When
shear trusses or shear walls are combined with
Moment Resisting Frames (MRF), a shear truss (or
shear wall)-frame interaction system results. The
approximately shear-type deflected profile of the
MRF, when combined with the parabolic cantilever
sway mode of the shear truss or shear walls,
results in a common shape of the structure when
the two systems are forced to deflect in the same
way by the rigid floor diaphragm. The upper part
of the truss is restrained by the frame, whereas at
the lower part, the shear wall or truss restrains the
frame (Figure.1). This effect produces increased
lateral rigidity of the building. This type of system
has wide applications for buildings up to about 40
to 70 stories in height. A “milestone” paper by [Khan
and Sbarounis,1964] presented the mechanics of a
shear wall-frame interaction system that led to the
development of innovative structural systems that
are cost-effective [Ali,M.M,2001].
3 OUTRIGGER SHEAR TRUSS FRAME SYSTEMS

Figure 1: Example of a figure

During the last few decades several buildings
have been built utilizing belt truss and outrigger
system for the lateral loads transfer throughout the
world. This system is very effective when used in
conjunction with the composite structures especially
in tall buildings (Figure 2). Outrigger systems have
been historically used by sailing ships to help resist
the wind forces in their sails, making the tall and
slender masts stable and strong. The core in a tall
building is analogous to the mast of the ship, with
outriggers.

Figure.2 Shear wall – Core supported Outrigger System
These act as the spreaders and the exterior
columns as the stays. As for the sailing ships,
outriggers serve to reduce the overturning moment
in the core that would otherwise act as pure
cantilever, and to transfer the reduced moment to
the outer columns through the outriggers connecting
the core to these columns (Figure 2). The core may
be centrally located with outriggers extending on
both sides or in some cases it may be located on
one side of the building with outriggers extending to
the building columns on the other side [Taranath,B
1998].The outrigger systems may be formed in
any combination of steel, concrete and composite
construction. Because of the many functional
benefits of outrigger systems and the advantages
outlined above, this system has lately been very
popular for super-tall buildings all over the world.
A very early example of outrigger structure can be
found in the Place Victoria Office Tower of 1965 in
Montreal designed by Nervi and Moretti. It was also
used by Fazlur Khan in the 42-story First Wisconsin
Centre of 1973 in Milwaukee, Wisconsin. However,
major application of this structural system can be
seen on contemporary skyscrapers such as the Jin
Mao Building in Shanghai and the Taipei 101 Tower
in Taipei.
Whether it is frame shear wall/Shear truss

system or outrigger system or the buttressed core
system used in Burj Khilifa in Dhubai [William
F. Baker,2011], the behaviour of the core under
lateral loads is vital for good seismic performance.
Therefore let us examine the failure modes of the
shear wall systems and its seismic behavior.
4 DUCTILITY AND STRENGTH OF COMPOSITE
WALLS
In shear walls with moderate heights, especially
built in areas of medium seismicity like Chennai,
vertical reinforcement is usually distributed over
the whole section. Such arrangement does not
efficiently utilize the reinforcement when developing
ultimate moment. In this case, ultimate curvature
and hence curvature ductility will be limited
[Cardenas, AE and Magara DD,1973]. Figure. 3
shows the improvement in ductility Composite
boundary elements are placed near the edges.
Such arrangement will be able to resist alternate
flexural compression which is inevitable during
seismic loading. Since the shear wall carries
large gravity load also, it is necessary to provide
confinement reinforcement to improve ductility to
adequate levels. Closely spaced transverse ties
are provided around the vertical flexural steel which
may suffer softening during cyclic loading due to
Bauschinger effect and open cracks. Ties spacing
confining composite boundary element in such
cases should be even less than that recommended
by the codes. A typical composite boundary element
is also shown in Figure. 3

Figure. 3
Concentration
of steel near
the edges of
the shear wall

5 BEHAVIOUR OF LINK- BEAM COUPLED
WALLS
Many shear walls contain one or more rows of
openings. Examples are shear cores, lift wells, stair
wells etc.
The walls are connected by Link beams which
are short and deep. A coupled shear wall structure
Southern Builder
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and its deformations due to lateral loading is shown
in Figure 4.

Figure 4 The Distortions in a Laterally Loaded
Coupled Shear Wall
In a standard computer program with a few
available modifications these can be incorporated.
In a mathematical model proposed by Beck
[Rosman,B,1964] the discrete beams are replaced
by an equivalent lamina. This idealization enables
the shear force in the beams to be expressed as a
continuous function along the height. The solution
is now well documented and is extensively used.
The overturning moment Mo, is resisted by (see
Figure. 5)
(a) a moment induced in wall 1, designated by
M1
(b) a moment induced in wall 2 designated by
M2 and
(c) equal and opposite axial forces T generated
in both walls (one in compression and the other in
tension).
The corresponding equilibrium equation is
Mo = M1+M2+lT
(1)
The axial force induced in the walls result from
the accumulation of shear from beams. If shear
transfer is efficient lT component will be large.
This is desirable since large internal lever arm “l”
will ensure that moment capacity is maintained.
Efficient coupling provides for greater stiffness and
minimizes deflection.
Figure 6 illustrates the influence of efficiency
of coupling. An inefficient coupling throws more
moment on walls. One may say that the coupling is
efficient if more than 50% of Mo is resisted by ‘lT’.
6 Elastic -Plastic Behaviour of Composite
Coupled Shear Walls
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The sequence of hinge formation during nonlinear response of the structure to lateral load
will depend on relative stiffness and strength of
components of shear wall system. A preferred
sequence should be for the beams to plastify before
the walls. The designer must postulate a preferred
sequence of failure of the components. The hinges
which form earlier must be ductile enough so that
collapse does not occur. After all or most of the
beams reach their capacity walls may be permitted
to attain ultimate load.

Figure. 5 Coupled Shear Wall Subjected to Lateral
Loading with different options for Link beams

Figure 6 The Mode of Internal Moment of
Resistance in Coupled Shear Wall Structures
The elastic analysis of Rosman, explained
earlier, may be extended to deal with partial or
full plastification of the beams. At this stage large
ductility demands will be imposed on the coupling
system. Figure.7 shows the results of an elastic
plastic analysis for the structure illustrated in
Figure.6. The ultimate load is attained in stages. At
each stage ductility demands on the components
have been computed and presented. By the Link
beams plasifying before the walls, large energy
can be dissipated by the coupling system so that
there is higher degree of protection to the walls and
foundation [13].

Figure 8 Variation of lateral stiffness with e/L.
(Hjelmstad and Popov,1994) of the link beam can
be expressed as:
γp =(L/e)θp
				
(2)

Figure. 7: Laminar Shear Force Distribution,
Ductility Demand and Top Floor Deflections for a 20
Storey Coupled Shear Wall Structure with Coupling
Beams of Uniform Strength
7 STRENGTH AND DUCTILITY OF LINK BEAMS
7.1 Concept
The link beams dissipates energy by controlled
yielding in shear or moment. Hence it combines
the advantage of both steel moment frame and a
Shear wall. The critical beam segment called Link
of designed length “e”. Links in the system act as
structural fuses. It dissipates seismic induced energy
in a stable manner. Links are properly detailed
to have designed adequate strength and stable
energy dissipation. All other structural components
of the composite shear wall system (walls and
connections) are designed using capacity design
concept to remain elastic while the Link beams
yield and dissipate energy in a very ductile manner
during major seismic events.
7.2 Elastic Stiffness
The variation of stiffness of a simple system with
respect to Link parameter e/L is shown in Figure
8.[Hjelmstad and Popov,1994]. e/L=0 corresponds
to a system without Link elements such as a braced
frame and e/L = 1 to a regular moment resisting
frame or coupled wall with coupling beam. From the
figure, the advantage of using short and stiff Link is
evident.
7.3 Link Deformation
On yielding, plastic mechanism shown in Figure
9 forms. It can be seen that plastic rotation

Figure 9. Kinematic Mechanism of Link plastic
Hinge
Where θp is the plastic storey drift angle and γp
is the plastic deformation of the Link. The plastic
drift angle θp can be conservatively estimated as
θp=(Rxθe)/h
(3)
Where R is the response reduction factor and θe
storey drift produced by design earthquake. Note
that the response reduction factor amplifies the
storey deflection.
7.4 Ultimate strength
A short Link is used so that the link will primarily
yield in shear. Assuming that the Link behaves in
an elastic perfectly plastic bilinear manner, using
simple plastic theory the ultimate load [Kasai, K and
Popov, E.P. 1985] can be evaluated as
Pu= (VpL)/h
(4)
Where Pu is the lateral strength of the frame
and Vp is the shear strength of the Link. As long as
the link yields in Shear the ultimate strength of the
system is independent of the Link strength. Once the
Link length exceeds the critical value, then flexure
and shears both dominates the ultimate strength.
7.5 Link Behaviour
Figure 10 shows the free body of the link. Flexural
hinges form at two ends of the Link when both MA
and MB reach plastic moment Mp. A shear hinge is
said to form when the shear reaches Vp. Plastic and
shear capacities are respectively computed as:
Mp= FyZ and Vp= 0.6 Fy (d-2tf)tw
(5)

Southern Builder

9

Figure 10 Free body forces on the Link element
A balanced yielding corresponds to the
simultaneous formation of flexural and shear
hinges. The corresponding Link length is
e0=(2Mp)/VP
(6)
In short Link ( e< or= e0) a shear hinge will form.
When e>e0 a flexural hinge forms at both ends and
the corresponding shear force is
V= (2Mp)/e
(7)
A properly stiffened short Link can strain harden
and develop 1.5 Vp. The end moments of the link
that has yielded in shear can continue to increase
and therefore flexural hinge can develop. To avoid
low cycle fatigue failures due to high strain the
end moments are limited to 1,2 Mp and maximum
length e0 for shear link is modified (Kasai and
Popov,1986) as
e0=(1.6Mp)/Vp
(8)
7.6 Effect of Concrete Slab
Research conducted on composite links showed
that composite action can increase shear capacity
during first few cycles. However composite action
deteriorates due to damages in both ends of floor
slab.For design purpose the shear strength of slab
can be ignored but the over-strength effect should
be considered while designing other members to be
elastic.
7.7 Link Detailing
Full depth web stiffeners must be placed
symmetrically on both sides of the Link web and at
the ends. The end stiffeners should have a combined
width of not less than (bf-2tw) and thickness not
less than 0.75tw or 10 mm whichever is larger. The
Link section should satisfy the plastic requirement
as specified for special moment frames. The Link
needs to be stiffened against web buckling as well
as flange buckling.
7.8 Beam outside of Link
The Link end moment has to be borne by the
beam outside of Link. The Link end moment should
be calculated with a factor of 1.1 applied to RVy.The
beam is likely to carry significant axial force. Hence
the compression flange has to be protected against
buckling. For this 2% of flange nominal strength can
be considered. Typical beam –wall connection is
shown in Figure 11.
7.9 Capacity design of other Structural
Components
Links are designed as fuses and are sized to
resist design seismic forces. All other elements of
the system are then designed for forces generated
by the actual capacity of the links. The Link has
to plastify and other elements are designed to be
elastic. The capacity design concept thus requires
computation of link strength is not only based on
expected yield strength of steel but also includes
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the consideration of strain hardening and overstrength due to the composite action of the slab.

Figure 11 Typical beam wall connections
8 COMPARITIVE PERFORMANCE
The performance limitation of conventionally
beams, the principal reinforcement were provided
along the diagonals . Figure 5 showed the model of
such a beam; such beams have shown excellent
stable hysteresis loops under reversed cyclic loads
for RCC structures. Typical arrangement of such
reinforcement for an example coupling beam was
also shown in Figure 5. The concept of Link Fuse
beam was discussed in detail in section 7. Figure
12 presents the performance in terms of cumulative
ductility and shows superior performance of Link
beams

Figure 12 Superior performance of Link Beams
9 CONCLUSSION
The principles of design of seismic resistant
systems for tall buildings were discussed. The
behaviour of Link beams was analyzed. Finally, the
principles for the design of tall coupled shear walls
system using concept of composite Link beams has
been explained. The superior performance of steelconcrete composite systems for seismic resistance
using the link beam in the form of a structural fuse
was presented. Such systems holds promise to be
adopted in India.
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QUALITY ASSURANCE For CEMENT PLASTERING

P

lastering is a process of applying one or more coats
of mortar to a concrete surface, brickwork, stone
masonry or lathing. It must be durable such that it
resists the penetration of moisture and should be able to
weather uniformly. It should also be pleasing in appearance.
These properties depend upon materials used, composition
of mix, and degree of mechanical bond between the plaster
and the backing surface and workmanship.
Surface preparation: The joint shall be raked to a depth
of 15 mm for brickwork and 20 mm for stonework. For new
work, where subsequantant plastering is to be done, the
raking of joints shall be done during the progress of the
work, when the mortar is still green. Dust or mortar powder
(loose mortar) shall be washed out. The whole surface
shall be thoroughly cleaned and brushing and scrapping
shall remove efflorescence, if any. The surface thoroughly
washed with water, cleaned and kept vet for the day previous
and up to the time start the work is started, and shall be kept
very damp during the progress of the plastering.
Bonding: Cement mortar has two types of bonds with its
backing one being mechanical in which the mortar squeezes
into the irregularities and gets interlocked when hardened
and other due to the adhesive property of Portland cement
on hardening. The degree of bond will therefore depend on
the roughness of surface to be treated and the quality of
cement and sand used in preparation of mortar.
Concrete surface: All monolithic concrete walls should
be roughened by hacking at close intervals with bush
hammers or with a chisel and hammer and then washed
thoroughly with water to remove all dirt and loose particles.
Monolithic concrete can be roughened with a heavy wire
brush or a special scouring tool if forms are removed
early.
Forms for concrete, that is to receive plaster, should
not be given excessive mould oil coating. as it is likely to
remain on the concrete, interfering with the bond. Special
care must be taken to remove the mould oil coating before
plaster is applied. Curing compound if used should also
be removed completely before commencing the plaster
work.
Brick and stone masonry: There are excellent bases for
direct application of cement plaster. The surface should be
hard, rough and clean. The joints should be racked. It may
be desirable to roughen with a pick or a similar sharp tool if
the surface of stone is too smooth.
Tools for plastering: Following tools are used for
plastering, Gauging trowel, floats, floating rule, plumb bob,
straight edge, bushes, set square, sprit level, scratcher,
plumb rules etc.
Material: Sand cement mortar of specified mix shall be
used.
Situation
Ordinary buildings

Mix

Thickness

1:6 13 mm

Important buildings 1:4 13 mm
Drain, skirting,
dados, etc.

1:3

Septic tanks,
reservoirs etc.

1:2 19 mm
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13 mm for drains,19mm
for skirting and dados

Mortar: Cement mixed with fine aggregate should produce
smooth, plastic, cohesive, strong and workable mortar.
Cement plaster shall unless other wise specified, to be
the following proportion and thicknesses. The mortar of
specified mix shall be used.
Cement: At present 33 grade and high grade cement
such as 43 grade and 53 grade are being used. These are
essentially recommended for use in concrete. It is also
used in masonry and plastering work.
Fine aggregate: Sand must be clean, sharp, suitably
graded, and free from all deleterious and impure matter.
Deleterious materials beyond a certain limit adversely
affect the hardening, strength, durability or the appearance
of the plaster or causes corrosion of metal lathing or other
metal in contact with plaster.
Grading of Sand: Most suitable particle size grading of
sand plasterwork for internal and external walls and ceiling
is given below:
IS Sieve

% passing

10.0 mm

100

4.75 mm

95-100

2.36 mm

95-100

1.18 mm

90-100

600 micron

80-100

300 micron

20-65

150 micron
00-50
Water: Water used in plasterwork should be of quality
suitable for drinking purpose. It should be free from
chlorides and organic impurities.
Water proofing compound: Generally, they are not
required specially if correct type and quality of other
materials of mortar are available. Where it is used, it should
disperse uniformly and mixed properly in mortar.
Workability admixtures: Plasticizers can be used in warm
or hot weather condition as desired with field requirements.
Scaffolding: It is always advisable to provide double
scaffolding for plastering work. It is easier to fix and remove
at various heights without damaging the masonry or plaster.
Mixing of ingredients of plaster: It is preferable to mix
the ingredients in a mixer. Dry mortar is mixed initially and
thereafter water is added to the dry mix to get the required
consistency. It is observed that excess mortar is often
prepared and not utilised in time. The workers even break
for lunch leaving the wet mixed mortar to dry out. Water is
again added resulting in lower strength and more shrinkage
problem.
The quantity of the mortar made at a time should be
such that it can be consumed within 30 minutes. Any mortar
that falls to the ground in the process of application, it is
thrown away and on no account re used. If excess mortar
is prepared it dries up either due to evaporation of water
or due to water absorption by sand and / or due to water
consumed by cement hydration. Addition of water should
be carefully monitored and should be added in such a
quantity that it gives the required workability
Application of plaster: The walls shall be prepared as
above and rendered with a mortar of cement and fine sand

in specified proportions. At suitable intervals, 15 cm x 15
cm mortar squares to full thickness of base coat shall be
first laid to serve as a guide to ensure a plane, smooth layer
of plaster over the entire surface of the wall.
The mortar shall be dashed against the surface to be
plastered with considerable forced, and shall be thoroughly
worked into all joints and other surface depressions, to
ensure a permanent bond. The plaster surface will be
roughened and not beaten.
Ceiling plaster shall be completed before commencement
of the wall plastering. Plastering shall be started from the
top and worked down, filling all putlog holes in advance of
the plastering as the scaffolding is being taken down.
All corners arise, angles and junctions shall be truly
vertical or horizontal as the case may be, and shall be
carefully finished. Rounding or chamfering corners, arises,
junctions, etc., where required, shall be carried out with
proper templates to the required sizes.
At the end of the day suspending plastering work shall
be left cut clean to line both horizontally and vertically.
Horizontal joints in plasterwork shall not occur on parapet
tops and copings.
Coats for plastering
Scratch coat: The thickness of this coat should
approximately 10 mm to 12.5 mm and must be laid over
the full length of the wall or the natural breaking points like
doors and windows.
Base coat (In case of thick plaster): The surface of
scratch coat should be dampened evenly before base coat
is applied. This coat is about 10 mm thick depending upon
the overall thickness and then roughened with a wooden
float to provide bond for the finishing coat. The second
coat must be damp- cured for at least seven days and then
allowed to become dry.
Finishing coat: Before this coat is applied, the base
cat is dampened evenly. Joints should be avoided and
the finishing coat should be applied in one operation with
thickness not exceeding 6 mm.
External Plaster: The external plaster is made in richer
cement mortar proportion than the internal plaster. It is
usually done in two layers. First layer is of 10 to 12.5 mm and
final layer is of 6mm thickness. Waterproofing compound
may be added in case the plaster is exposed to severe wet
conditions. The finish can be of the type specified.
Internal Plaster: The internal plaster is usually done in
single layers of 12.5 mm.
Finish: The plaster shall be finished to a true and plumb
surface and to the required degree of smoothness. The
work shall be tested frequently as it precedes with a true
straight edge not less than 2.5 m long and with plumb bobs.
All horizontal surfaces shall be tested with a level and all
jambs and corners with plumb bob as the work proceeds.
Plaster finishes: There are four different types of finishes
that can be obtained with cement plaster.
Smooth finish: When a smooth finish is desired, the
minimum amount of working should be applied to the
wetted surface and the wooden float, rather than a steel
trowel is to be used.
Roughcast finish: This finish suitable for rural or coastal
areas and the sever conditions of exposure. This is a finish,
which is splashed on to the surface as a wet mix and left

rough. The maximum sizes of sand, crushed stone or
gravel vary from 12.5 mm to 6.3 mm.
Pebbledash finish: This is most durable of all finishes and
is generally free from defects. This gives a rough texture
and is obtained by means of small pebbles or crushed
stone, graded from 12.5 mm to 6.3 mm being splashed on
to a fresh coat of mortar and left exposed. This pebbles or
stones are some times lightly pressed or tapped in to the
mortar.
Textured finishes: Textured finishes are now becoming
very popular and may be obtained in a variety of ways in
many different designs. Special effects can be obtained by
scraping the surface of the rendering with a straight edge
hacksaw blade or with the edge of a steel trowel.
Curing: Curing shall be started 24 hours after finishing the
plaster. The plaster shall be kept wet for 7 days during which
period it shall be suitably protected from all damages at the
contractor’s expenses by such means as the Engineer may
approve. The dates of plaster shall be legibly marked on the
various sections of the wall so that curing for the specified
period thereafter can be watched.
Defects in plastering
v Cracks: Appear on the plastered surface in the form
of hair cracks or wider cracks. Its due to old surface is
not properly dressed, bad workman ship, and due to
expansion and shrinkage in plaster coat during drying.
v Efflorescence: Some time soluble salts are present in
plaster making materials or bricks. They appear on the
plastered surface in whitish patches and produced ugly
appearance. It may remove by brushing and washing
the surface several times.
v Blistering of plastered surface: Small patches swell
out beyond the plastered surface like boils.
v Falling out of plaster: Due to excessive thermal
variation in plaster, Inadequate bonding between coats
of plaster, and due to imperfect adhesion of the plaster
to the back ground.
v Discoloration: The usual causes of discoloration in
plaster are to variation in the cement and water content
of mortar from place to place, uneven suction of the
backing and un-uniform curing and inadequate mixing
of the material resulting in lack of uniformity.
The contents of this pamphlet are for guidance only
and are not statutory. It also does not supersede any
existing instructions from Railway Board, RDSO and
Zonal Railways & the provisions of IRWM, BIS Code
and reports on the subject.
If you have any suggestion & comments on contents
of the pamphlet, please write to: Director (Civil),
CAMTECH, Maharajpur, Gwalior (M.P) – 474 020
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UNDERSTANDING OF COCONUT
TREE, FRUITS AND ITS USE FOR

HUMAN LIFE
Introduction

The name coconut is derived from the 16th century,
Portuguese and Spanish word coco, meaning 'head' or
'skull' after the three indentations on the coconut shell
that resemble facial features. It is also beloved that the
coconut got its name from European explorers who
called it "coco," which means hobgoblin (ghost) because
the three dots on the shell looked like a spooky face.
The three holes on a coconut are germination pores
where the seedlings would eventually emerge. “Velocius
quam asparagi coquantur,” coined by Roman emperor
Augustus, means “faster than cooking asparagus!”. Coco
and coconut apparently came from 1521 encounters by
Portuguese and Spanish explorers with Pacific islanders,
with the coconut shell reminding them of a ghost or
witch in Portuguese folklore called coco. Coconut palms
(Cocos nucifera) have an iconic tropical appearance,
with tall, slender trunks topped with graceful green
leaves. Few believe that Coconuts probably originated
somewhere in Indo-Malaya. This palm tree is native to
Malasia and found in Southeast Asia, India, Indonesia,
and some pacific islands are one of the most important
crops of the tropics. Coconut flesh is high in fat and can
be dried or consumed fresh.

The usefulness of Coconut Tree to Human Life.

The coconut palm is known as the "tree of life"
because it is one of the most useful trees in the world. It
provides food, fuel, cosmetics, folk medicine and building
materials, among many other uses. The inner flesh of the
mature seed, as well as the coconut milk extracted from
it, form a regular part of the diets of many people in the
tropics and subtropics. Coconuts are distinct from other
fruits because their endosperm contains a large quantity
of clear liquid, called coconut water or coconut juice.
They add visual impact to a landscape and also produce
edible coconut fruits. In the right warm and temperate
growing conditions, coconut palms grow relatively easily.
Coir is the fibrous material found between the hard,
internal shell and the outer coat of a coconut.
Coconut plant is a valuable source of commodities
for human life, the water of tender coconut technically
the liquid endosperm, is the most nutritious wholesome
beverage that nature has provided for the people of
the tropics to fight the sultry heat. The nut is the most
marketable part, the inner part of the nut (endosperm)
has two edible parts: a white kernel and a clear liquid
called coconut water. The cavity within the kernel
contains coconut water begins to form as a gel when the
coconut is 5 to 6 months old, becomes harder and whiter
as coconut matures, and the inside is filled with coconut
water. An immature coconut between six to nine months
contains about 750 ml of water that eventually becomes
the flesh. The coconut fruit takes 11 to 12 months to reach
maturity. During the fifth month, the kernel begins to form
a thin layer of jelly around the inside of the endosperm
or shell.

Various Parts of Coconut Tree.

One of the most useful plants is the coconut palm,

DR. Colonel.
P Nallathambi
Ph.D (Structural Engg),
ME, MBA, FIE, FIV)

Cocos nucifera, which is grown around the world in
lowland tropical and subtropical habitats. From this
species, one can get many natural products, including
foods, drinks, fibers, building materials, and chemicals.
The plant is a feather palm, which means that the leaves
are pinnately compound (like a feather); these leaves
are frequently used in thatching. The long trunk of the
tree is used for building supports. Coconut palms are
an excellent source of food for native peoples in the
tropics. Fruits are rich in calories and essential vitamins.
This fiber is called the coir and is used for making
mats and rope. The shell is used for containers and is
widely employed by artisans to make ornaments and
decorations. The solid endosperm, copra, is harvested,
dried, and then pressed to release the oil, widely used
for chief ingredients of shampoo and hair conditioners.
Root The palm has adventitious roots continually
produced from the base of the trunk, which is the swollen
part or termed 'bole'. It has no taproot or root hairs but
has lots of primary roots which bear large quantities of
rootlets. The main roots grow out somewhat horizontally
from the bole and are mostly found within the topsoil. The
main branches grow deeper and may extend laterally to
as much as 10m. The roots, having no cambium, are
noticeably uniform, the main roots reaching a maximum
diameter of about 1 cm. The root tip is the actively
growing region and behind it is the absorbing area
whose epidermis is a single layer of thin-walled cells that
gradually thicken and become impervious with age. In old
roots, the epidermis disintegrates and exposes the hard
hypodermis which is generally red. The root centre has
a stele surrounded by a single-celled pericycle sheath
from which rootlets and parenchymatous (respiratory
exchange) protuberances or pneumatophores arise. The
respiratory exchange occurs more abundantly nearer the
soil surface to allow easy diffusion of the root.
Stem. The stem is also called a trunk. It is unbranched,
erect, stout and cylindrical. The leaf base encircles the
stem as they have scars with pit mark on the trunk. The
scars are helpful in determining the age of the tree.
Based on these 12 to 14 scars, the age can be computed
for a year. First few years there is increased growth in
the thickness of the stem. The girth remains uniform for
several years and finally tapers in growth when the tree
grows very old. The trunk carries a big crown with large
sized leaves and bunches of fruits. Coconut stem has
a much more fibrous grain than mahogany (a dark redbrown wood).
Leaf. The leaves are crowded together at the top of the
trunk in the form of a crown. The young leaf appears in
the centre of the crown as a pointed structure having
all the leaves closely held together. It takes five months
for the complete development of a leaf from the time
of initiation to its complete emergence. The crown has
15 open leaves, 15 young leaves in different stages of
development. The leaf consists of many leaflets arranged
obliquely on the mid-rib or rachis. Each leaflet is long,
linear, has a strong mid-rib with narrow lamina and
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parallel venation. The petiole is flat, very thick, broad and
sheathed with fibre at the base and encircles the stem.
Inflorescence. It takes 34 months for the inflorescence
to develop from the initiation to the opening of the spathe.
The spadix is stout and erect, enclosed by the tough
spathe which splits when inflorescence is mature. The
axis of the inflorescence is branched, with the branches
bearing sessile flowers, both staminate and pistillate. The
palm is monoecious with male and female flowers on the
same plant. Staminate flowers are small, numerous and
are arranged closely on the secondary branches of the
inflorescence. They have six perianth lobes in two whorls
and the outer perianth are small, the inner perianth is

Parts of Coconut Tree

Root

Stem

Leaf

Inflorescence

Fruit

bigger. Stamens are six and plenty of pollen is produced.
An abortive pistillate or rudimentary ovary is present in
the staminate flower. The pollen grains are spherical in
shape and are smooth Pistillate flowers are at about the
base of the branches sustained by one or two staminate
flowers. They are small spherical structure known as
‘button’. Six perianth lobes in two whorls arranged
imbricate and more or less of the same size and shape.
The perianth is rounded, concave and whitish, the stigma
is found at the base of the ovary.
Fruit. Once pollination and fertilization occur, fruits set
and develop to maturity in about 12 months, or less than
1 year for some dwarf cultivars. A count of bunch and
fruit set can give a reasonable estimate of yield. The
fruit is a drupe, having three regions and one-seeded.
On the outside is the husk, The fruit is developed from
a tricarpellary ovary. The outer layers of pericarp are
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fibrous, called husk which is initially green but turns
brown after being picked and dried. The endocarp is
very hard and forms the shell. Within the endocarp, soft
white endosperm enclosing inside a big cavity filled with
an extracellular fluid called "coconut milk". The thin seed
coat and then the white flesh or copra. Both the copra
and the milk are the endosperm of this seed. Initially, the
milk is fairly sweet and the copra is thin, but as the seed
matures, the liquid is converted into solid endosperm rich
in oils (triglycerides). The endosperm or the kernel has
also contained sucrose, fructose, galactose, glucose and
raffinose. The moisture content in the kernel diminishes
as the maximum quantity of oil is formed when the nuts
are 9-10 months old. The liquid endosperm contains
large quantities of cytokine hormone which is useful
to grow plants in test tubes from single cells and this
develops into embryos.
Coconut Shell. It is the strongest part covered in a
coconut fruit. Coconut shell is located in between the
coconut flesh and coconut husk. This shell is naturally
created to protect the inner part of the coconut. This
shell is used to produce various handicraft applies and
other applications. The chemical composition of coconut
husks consists of cellulose, lignin, pyroligneous acid,
gas, charcoal, tar, tannin, and potassium. Coconut is a
one-seeded fruit of a tropical tree called Cocos Nucifera.
It belongs to the Arecaceae family and grows in a humid
and warm climate. The fruit consists of three layers:
endocarp, exocarp, and mesocarp. Exocarp is the green
and smooth, outermost layer. Mesocarp is the middle
fleshy layer of the coconut; the endocarp is the hard and
woody layer surrounding the seed.
How Does Water Get Inside the Coconut?
(Amazing natures' creation to store water inside the
coconut).
Water transport in plants, tall trees (coconut, redwoods
etc) centers around osmosis, transpiration pull, adhesion
and cohesion forces of water molecules in xylem vessels
and tracheids. "Passive, hydraulic redistribution of
water from moister to drier portions of the soil profile
via plant root systems may have a substantial impact
on vertical profiles of soil water distribution, partitioning
of water within and among species, and on ecosystem
water balance. The recent development of a technique
for direct measurement of pressure in individual xylem
elements of intact, transpiring plants elicited several
challenges to the century-old cohesion–tension theory.
The ongoing debate over mechanisms of long-distance
water transport has stimulated an intense interest in
the phenomenon and mechanisms of embolism repair.
Rather than embolism being essentially irreversible, it
now appears that there is a dynamic balance between
embolism formation and repair throughout the day and
that daily release of water from the xylem via cavitation
may serve to stabilize leaf water balance by minimizing
the temporal imbalance between water supply and
demand".
As the coconut freshwater absorbed by the root
system flows against gravity through the capillaries is
conveyed right up to the crowns of the coconut palms
and the nut through osmosis process. Any dissolved salts
which exist in the subterranean water automatically get
eliminated through this natural filtration. Freshwater that
gets accumulated in coconut is actually 'endosperm' or

the food or nourishment for the coconut's growth. It is not
that nature has provided the only coconut with endosperm.
Nature has provided endosperm to seeds of all the fruits
in the form of glucose and starch for nourishing the
embryo existing in the seed. The nourishing endosperm
(tissue that surrounds and nourishes the embryo in the
seeds of flowering plants) is in the liquid form in the initial
stage of the green coconut. After some weeks the liquid
form starts transforming into the creamy tissue that starts
depositing on the coconut's inner surface. By the time a
soft creamy layer of tissue becomes the hard 'copra', the
erstwhile endosperm would have become clean coconut
water.
Endosperm part of the coconut plant called coconut
water is the most common nutritive tissue for the
development of embryos in Angiosperms and develops
as post-fertilisation structure from the primary endosperm
nucleus. Depending upon the mode of development,
three types of endosperm have been recognised as
Nuclear, Cellular, Helobial. When the coconut endosperm
is a nuclear type, in very young coconut fruit (about
50mm long) the endosperm is found as a clear fluid in
which float numerous nuclei of various sizes. This fluid is
compactly filling the embryo sac in which the embryo is
developing. At a later stage i.e. when the fruit is 100mm
long, the suspension shows, in addition to free nuclei,
several cells enclosing a variable number of nuclei.
Gradually these cells and free nuclei start settling at the
periphery of the cavity and layers of cellular endosperm
start appearing to forms the coconut meat.
This meat is very tender enclosing the fluid content
called coconut water. At this stage, the nut is called
tender coconut. The quantity of the cellular endosperm
increases further by the divisions of the cells. In mature
coconut, the liquid endosperm becomes milky enclosed
by the cellular part called kernel and it does not contain
free nuclei or cells. The percentages of Arginine, Alanine,
Cystine and Serine in the protein are higher than those
in cow's milk. At the stage in which the coconut water is
consumed, as a beverage, the concentration of sugar is
at its maximum and total solids are less when compared
with the water found in the nut with the kernel. The
principal constituent is the Potash, the concentration
of which is markedly influenced by potash manuring.
The concentration of ascorbic acid ranges from 2.2 to
3.7 mg/100cc. The concentration is high in the water of
green nut with soft pulp and gradually diminishes as the
nut ripens.
The Speciality of Coconut Water.
Naturally refreshing, coconut water has a sweet,
nutty taste and useful got digestion and metabolism.
Calcium, potassium, phosphorus, magnesium, and

sodium contribute to the high degree of hydration. It
contains easily digested carbohydrates in the form of
sugar and electrolytes. Not to be confused with high-fat
coconut milk or oil, coconut water is a clear liquid in the
fruit’s center that is tapped from young, green coconuts.
It has fewer calories, less sodium, and more potassium
than a sports drink. Ounce per ounce, most unflavored
coconut water contains 5.45 calories, 1.3 grams of
sugar, 61 milligrams of potassium, and 5.45 milligrams of
sodium. In comparison, Gatorade has 6.25 calories, 1.75
grams of sugar, 3.75 milligrams of potassium, and 13.75
milligrams of sodium.
Coconut water in its envelope is sterile and composed
of both organic and inorganic compounds which play a
vital role in aiding the human body antioxidant system.
Inorganic ions are required for normal cellular function
and are critical for enzyme activation, bone formation,
haemoglobin function, gene expression, and the
metabolism of amino acids, lipids and carbohydrates.
Coconut water contains a variety of inorganic ions and
these ions contribute to the therapeutic value inherent
in coconut water. This basic ion composition of coconut
can replenish the electrolyte of the human body excreted
through sweat such as sodium, potassium, magnesium,
and calcium. It can serve as a rehydration drink. The
concentration of these electrolytes in coconut water
generates an osmotic pressure similar to that observed
in the body without disturbing homeostasis.
The shell encloses the tender water, a clear sweet
liquid. At this time the water is under pressure. During
the ripening process, the pressure is released and the
water is partially replaced by the kernel. Little by little,
the kernel grows and replaces the water with cells storing
lipids. Its composition changes as the nut grow. At full
maturity (12 months) coconut water represents between
15% and 30% of the weight of the nut. The amount of
coconut water that can be harvested from each nut is
about 300ml but depends to a great extent on the stage
of maturity and on the variety of coconut. Tender Coconut
Water (TCW) comprises 95.5% water, 4% sugars, 0.1%
fat, 0.02% calcium, 0.01% phosphorous, 0.5% iron,
considerable amounts of amino acids, mineral salts,
vitamin B complex vitamin C and cytokines etc. Other
components in TCW include sugars, sugar alcohols,
lipids, amino acids, nitrogenous compounds, organic
acids and enzymes.
Difference Between Coconut Water and Coconut
Milk.
The coconut fruit consists of 38% shell, 10% water,
and 52% coconut flesh, called coconut meat. Both
coconut water and coconut milk come from the edible
part of the fruit, called the endosperm tissue. However,
they have differences in their products.
Coconut Water. It is a sweet, translucent fluid that one
may drink straight from young green coconuts. It comes
naturally within the fruit and is referred to as the liquid
endosperm. Once young coconuts start to mature,
coconut water starts to harden to form coconut meat,
known as the solid endosperm. However, the maturation
process doesn’t fill the entire coconut cavity with the
meat, still, find some coconut water in mature coconuts.
Coconut water is a refreshing beverage popular for its
health-promoting effects.
Coconut Milk. Unlike the water, coconut milk is a
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processed coconut by-product. It is made by grating the
flesh of mature, brown coconuts and simmering it in hot
water. The mixture is then strained to remove any solid
remnants. The amount of water used to make the milk
determines its consistency, which may be either thick or
thin. Thin coconut milk is mostly used as a cow’s milk
substitute. In contrast, thick coconut milk is usually used
as a thickening agent for sauces or traditional recipes in
many Indian and Southeast Asian dishes.

Coconuts Can
Buildings.

Inspire

to

Make

Stronger

The hard shells of coconuts can hold the key to
designing buildings able to withstand earthquakes and
other natural disasters. Coconut palms can grow as high
as 30m, and when the ripe fruits fall to the ground their
walls must protect them from splitting open. Not only
do coconuts survive falling from heights of 30m to the
ground, but they often travel thousands of miles via ocean
waves, still perfectly protected. To protect the internal
seed, coconuts have a structure of three layers which
allow them to withstand heavy impacts. The hard shells
of coconuts could hold the key to designing buildings able
to withstand earthquakes and other natural disasters.
This specialised structure-property could be applied in
architecture and has been working with civil engineers
and material scientists to develop new material.
By analysing the fracture behaviour of the samples
and combining this with knowledge about the coconut
shell's anatomy gained from microscopy and computed
tomography, aimed to identify mechanically relevant
structures for energy absorption. Newly-developed
cracks created by an impact do not run directly through
the hard shell but are diverted and stop before the crack
separates the fruit. The ladder-like design of vessels in the
coconut's inner endocarp layer "dissipates energy via a
crack deflection" a process which could inspire architects
to create stronger structures / Plant Biomechanics Group
Freiburg.
Plant Biomechanist, Stefanie Schmier, believes a
similar arrangement of textile fibres within functionally
graded concrete could create the same effect. "This
combination of lightweight structuring with high energy
dissipation capacity is of increasing interest to protect
buildings against earthquakes, rockfall and other natural
or manmade hazards,". Architects and constructors
are increasingly looking at the natural world to create
buildings that are stronger and more efficient.
The usefulness of Coconut Tree and Fruit Covers in
Construction.
All the parts of coconut can be used in the construction
industry. It has many applications as both a structural and
interior design material. The harder, high-density timber
is suitable for general structural purposes such as pillars,
trusses, rafting, furniture, window and door frames,
floors, decking and floor joists. Also be used as posts,

Cross-section of Coconut. Ladder-like design of vessels in the
coconut
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Coconut Shell
power and telecommunication poles, floor tiles (parquet),
girts, balustrades, railings and other load-bearing
structures. Medium-density coconut timber can be used
for walls, ceiling joists and horizontal studs. Low-density
coconut timber is used in non-load bearing applications
like wood panelling, internal trim and ceilings, as well as
homewares. Coconut leaves are used as a roof covering
materials suitably. Stem also used as a pile of about
6 - 8m lengths for improving the soil capacity in loose
silty-clay soil near beaches. Soil is bored and inserted
the coconut tree truck and hammered to support the
superstructure. Coconut shell can be crushed and partly
replaced with the concrete ingredient. Coconut shell is
a lightweight aggregate except for water absorption and
there is no treatment is required. Coconut-fiber addition
in the concrete increases the many properties of the
concrete such as torsion, toughness and notably tensile
strength which is the main properties of the concrete.
Reinforcement throughout in the concrete which
decreases the voids and makes the concrete tougher. As
the roots of coconut trees have a fairly strong structure,
the roots of coconut trees are often used as a chicken
claw or building shield.
The Coconut - Nature’s Best Food Packaging Design.
The humble and tropically ubiquitous coconut, besides
producing one of the tastiest cocktail starters out there,
is one the best package design solutions for a perishable
food item ever designed by nature. Exploring how to make
packaging greener and cleaner, by examining natural
models for packaging, innovations in packaging design,
and ways in which we can improve how packaging is
created and used.
Summary. Coconut tree and fruits are very useful to
human life as it has food & medicine value, and useful
for many other purposes including in construction.
Architects, engineers and constructors are continuously
looking from natural (Biomimicing) to create buildings
that are more stronger and efficient. Coconut tree and its
parts can inspire them. Coconut has been part of us in
all routine human life activities. Hence, this paper may be
interesting to understand about coconut tree.
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SOUTHERN CENTRE ACTIVITIES
07.08.2021
ñ£í¢¹ñ¤° ï¤î¤ ñø¢Áñ¢ ñù¤îõ÷ «ññ¢ð£ì¢´ Ü¬ñê¢ê£¢ Üõ£¢èÀñ¢, õí¤èõó¤ ñø¢Áñ¢ ðî¤¾î¢¶¬ø Ü¬ñê¢ê£¢
Üõ£¢èÀñ¢ 2021-22ñ¢ Ýí¢®ø¢è£ù îñ¤öè Üóê¤ù¢ ï¤î¤ ï¤¬ô Üø¤è¢¬è îò£ó¤ð¢ð¶ ªî£ì£¢ð£è ºù¢
Ý«ô£ê¬ù ïìî¢¶õîø¢° ðô¢«õÁ õí¤è ï¤Áõùé¢è¬÷Ü¬öî¢î¤¼ï¢îù£¢. Þï¢î ºù¢ Ý«ô£ê¬ùè¢
Ãì¢ìî¢î¤ô¢ ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢ Üõ£¢èÀñ¢, ñò¢ò ¶¬íî¢î¬ôõ£¢ î¤¼. R.R. ÿî£¢
Üõ£¢èÀñ¢ ïñ¶ Üè¤ô Þï¢î¤ò èì¢´ï£¢ êé¢èî¢î¤ù¢ ê££¢ð£è èôï¢¶ ªè£í¢ìù£¢. Üù¢«ø ñ£ï¤ôî¢î¬ôõ£¢
î¤¼. R. ê¤õè¢°ñ££¢ Üõ£¢è÷¢ îñ¤öè ªî£ö¤ô¢¶¬ø Ü¬ñê¢ê£¢ ñ£í¢¹ñ¤° î¤¼. îé¢èñ¢ ªîù¢ùó² Üõ£¢è¬÷
êï¢î¤î¢¶ ïñ¶ èì¢´ï£¢ êé¢è àÁð¢ð¤ù£¢èÀè¢° °¬øï¢î õ¤¬ôò¤ô¢ ê¤ªñí¢ì¢ õöé¢è «èì¢´è¢ªè£÷¢Àñ¢
«è£ó¤è¢¬è ñÂõ¤¬ù êñ£¢ð¢ð¤î¢î££¢è÷¢.
15.08.2021
ïñ¶ ð£óîî¢î¤ù¢ 75õ¶ ²îï¢î¤óî¤ùñ£ù 15.08.2021 Üù¢Á 8.30 ñí¤è¢° Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ¼ñ¢
è£ð¢ð£÷¼ñ£ù ð¦û¢ñ£ î¤¼. R. Þó£î£è¤¼ì¢®íù¢ Üõ£¢è÷¢ «îê¤òè¢ªè£® ãø¢ø¤ù££¢. ñò¢òî¢î¬ôõ£¢
ñø¢Áñ¢ ñò¢ò ï¤£¢õ£è¤è«÷£´ àìù® Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ£¢ î¤¼. Mu. «ñ£èù¢ Üõ£¢è÷¢,
ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢ Üõ£¢è÷¢, ªîù¢ñí¢ìô ªêòô£÷£¢ î¤¼. K. ªõé¢è«ìêù¢ Üõ£¢è÷¢,
ñ£ï¤ôê¢ ªêòô£÷£¢ î¤¼. S. Þó£ñð¢ð¤ó¹ Üõ£¢è÷¢, ñ£ï¤ôð¢ ªð£¼÷£÷£¢ î¤¼. T. V. êï¢î¤ó«êèóù¢ Üõ£¢è÷¢,
ºù¢ù£÷¢ è£ð¢ð£÷£¢ î¤¼. J.R. «ê¶ó£ñô¤é¢èñ¢ ñø¢Áñ¢ 50è¢°ñ¢ «ñø¢ðì¢ì àÁð¢ð¤ù£¢è÷¢ èôï¢¶ ªè£í¢´
ê¤øð¢ð¤î¢îù£¢. Ü¬ùõ¼è¢°ñ¢ è£¬ô ê¤ø¢Áí¢® õöé¢èð¢ðì¢ì¶.
16.08.2021
ÿ ê¤õ²ð¢ð¤óñí¤ò ï£ì££¢ ªð£ø¤ò¤òô¢ èô¢½ó¤ ( SSN College of Engineering) ïñ¶ êé¢èî¢¶ìù¢ Þ¬íï¢¶
ðô¢«õÁ Ãì¢´ ïìõ®è¢¬èè÷¢ «ñø¢ªè£÷¢õîø¢è£è ¹ó¤ï¢¶í£¢¾ åð¢ðï¢îñ¢ ªêò¢¶ ªè£÷¢÷ð¢ðì¢ì¶.
23.08.2021
Üù¢Á äï¢î£õ¶ ªêòø¢°¿ Ãì¢ìñ¢ The Accord Metro politan Hotel –ô¢ î¤¼. G. î¤ôè£¢, î¤¼. K. è¬ôòóêù¢,
î¤¼. V.S. ó£ñè¤¼û¢íù¢, î¤¼. P. ó£ñ¢°ñ££¢, î¤¼. A. S. ó£ü«êè£¢, î¤¼. R. ó«ñû¢ Ýè¤«ò£ó¤ù¢ àðêó¤ð¢ð¤ô¢
ï¬ìªðø¢ø¶.
26.08.2021
Þóí¢ì£õ¶ Üè¤ô Þï¢î¤ò «ñô£í¢¬ñ ñø¢Áñ¢ ªð£¶è¢°¿ àÁð¢ð¤ù£¢è÷¢ Ãì¢ìñ¢ è£¬ô 10.30 ñí¤
Ü÷õ¤ô¢ è£ªí£ô¤ õ£ò¤ô£è ï¬ìªðø¢ø¶. Þî¤ô¢ ñò¢òî¢î¬ôõ£¢ ñø¢Áñ¢ ñò¢ò ï¤£¢õ£è¤è÷¢ àì¢ðì Ü¬ùî¢¶
ªð£¶è¢°¿ ñø¢Áñ¢ «ñô£í¢¬ñ °¿ àÁð¢ð¤ù£¢è÷¢ èôï¢¶ ªè£í¢ìù£¢.
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CHARAN WINDOWS PVT. LTD.,

MANUFACTURER OF UPVC WINDOWS
We supply and install U P V C
Window and Door systems in
Residen�al Buildings, Apartments,
Ins�tu�ons, Industries, Hotels,
Hospitals and Marriage Halls, etc.,
with System approach.

UPVC WINDOWS INSTALLED PROJECTS

SALIENT FEATURES OF OUR PRODUCT
Fusion welded Joints  Steel Reinforcement 1.2mm GI  Sound Proof  EPDM Gaskets
 UV Resistant  Drain Holes  Weather Seal  Proﬁle Discolora�on  Warranted Hardware


CHARAN WINDOWS PVT. LTD.,

# 21, KALAIVANAR STREET, ORAGADAM, AMBATTUR, CHENNAI - 600 053
PH : 044 26581626, 91 9940431134 | www.charanwindows.in

