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Ýê¤ó¤ò£ ñìô
õíè¢è‹
å¼ ï£÷¢ å¼ õ¤ñ£ù¤»ìù¢, åø¢¬øð¢ ðòí¤ò£è õ¤ñ£ùî¢î¤ô¢ ðòíñ¢ ªêò¢¶ ªè£í¢´ Þ¼è¢è¤ø¦£¢è÷¢.
î¤¯ªóù¢Á õ¤ñ£ùî¢î¤ù¢ Þë¢ê¤ù¢ ð¿î¬ìï¢¶õ¤ì«õ õ¤ñ£ùñ¢ Ýè£òî¢î¤ô¢ î´ñ£Áè¤ø¶. âï¢î «ïóî¢î¤½ñ¢
õ¤ñ£ùñ¢ õ¤ðî¢¶è¢°÷¢÷£°ñ¢ ï¤¬ô¬ñ õ¼è¤ø¶. Üð¢«ð£¶ õ¤ñ£ù¤ àé¢è÷¤ìñ¢, ð£óû¨ì¢ åù¢¬ø ªè£´î¢¶
îð¢ð¤ õ¤´ñ£Á àî¾è¤ø££¢.
ï¦é¢èÀñ¢ ð£óû¨ì¢¬ì â´î¢¶è¢ ªè£í¢´ õ£ù¤ô¤¼ï¢¶ °î¤î¢¶ õ¤´è¤ù¢ø¦£¢è÷¢. Ýù£ô¢ «ê£î¬ùò£è,
Üï¢î ð£óû§ì¢«ì£´ àé¢è¬÷ å¼ Üì£¢î¢î¤ò£ù è£ì¢®ø¢°÷¢ â´î¢¶ê¢ ªêù¢Á Þøè¢è¤õ¤´è¤ø¶. è£ì¢®ù¢
âô¢ô£ð¢¹øºñ¢ å«ó ñ£î¤ó¤ Þ¼è¢è¤ù¢ø¶. è£ì¢®ù¢ âï¢îð¢¹øñ¢ æ®ù£ô¢ îð¢ð¤è¢è º®»ñ¢ âù¢Á àé¢èÀè¢°î¢
ªîó¤òõ¤ô¢¬ô. ê¤ô ªï£®è÷¢ ²ø¢ø¤ ºø¢ø¤ ð££¢è¢è¤ù¢ø¦£¢è÷¢. Üð¢«ð£¶ å¼ ðô¬èò¤ô¢ è£ì¢®ù¢ Þ¼ õ¤î¤è÷¢
â¿îð¢ðì¢®¼è¢è¤ø¶.
ºîô¢ õ¤î¤ ñù¤î£¢è÷¢ âõ«óÂñ¢ îõÁîô£è è£ì¢®ø¢°÷¢ ¸¬öï¢¶ õ¤ì¢ì£ô¢ êó¤ò£è å¼ ñí¤ «ïóî¢î¤ô¢
è£ì¢®ù¢ ñ¤èè¢ ªè£®ò õ¤ôé¢°è÷¢ ñù¤î£¢è÷¢ Þ¼è¢°ñ¢ Þìî¢î¤ø¢° «ñ£ð¢ðñ¢ ð¤®î¢¶ õï¢¶ «ê¼ñ¢. âù«õ
å¼ ñí¤ «ïóî¢î¤ø¢°÷¢ Üï¢î è£ì¢¬ì õ¤ì¢´ ï¦é¢è÷¢ îð¢ð¤î¢î£è «õí¢´ñ¢. Þóí¢ì£õ¶ õ¤î¤ è¤öè¢°ð¢
ðè¢èñ£è ªêù¢ø£ô¢ ñì¢´ñ¢î£ù¢ Üï¢îè¢ è£ì¢¬ì õ¤ì¢´ ï¦é¢è÷¢ ªõ÷¤«ò ªêô¢ô º®»ñ¢. ñ¦í¢´ñ¢ å¼ º¬ø
²ø¢ø¤½ñ¢ ï¦é¢è÷¢ ð££¢è¢è¤ù¢ø¦£¢è÷¢. è¤öè¢° î¤¬ê âé¢° Þ¼è¢è¤ø¶ âù¢Á ªîó¤òõ¤ô¢¬ô âù¢ù ªêò¢õªîù¢Á
å¼ ªîó¤ò£ñô¢ î¤¬èî¢¶è¢ «ð£è¤ø¦£¢è÷¢. è£ì¢´ õ¤ôé¢°è÷¤ù¢ ðê¤è¢° Þ¬óò£è¤ õ¤´«õ£ñ£ âù¢ø Üê¢êñ¢
«õÁ àé¢è¬÷ Ýì¢®ð¢ ð¬ìè¢è¤ø¶.
Üð¢«ð£¶ Üï¢î Þìî¢î¤ô¢ î¤¯ªóù å¼ «îõ¬î àé¢è÷¢ ºù¢ «î£ù¢Áè¤ø¶. àé¢è÷¤ù¢ Åö¢ï¤¬ô¬ò
¹ó¤ï¢¶ ªè£í¢ì àé¢è÷¤ìñ¢ Þ¼ ªð£¼÷¢è¬÷ ï¦ì¢´è¤ø¶. åù¢Á ñí¤ ð££¢è¢°ñ¢ è®è£óñ¢. Üîù¢ Íôñ¢
àé¢èÀè¢° Þù¢Âñ¢ âõ¢õ÷¾ «ïóñ¢ îð¢ð¤è¢è Þ¼è¢è¤ø¶ âù¢ð¬î èíè¢è¤ì¢´è¢ ªè£÷¢÷ô£ñ¢. Ýù£ô¢
Ü¬î ¬õî¢¶è¢ ªè£í¢´ î¤¬ê¬ò èí¢®ð¤®è¢è Þòô£¶. ñø¢ªø£ù¢Á î¤¬êè¢ è£ì¢´ñ¢ è¼õ¤. Þï¢îè¢ è¼õ¤
Íôñ¢ àé¢èÀè¢°î¢ îð¢ð¤ê¢ ªêô¢ôèÃ®ò î¤¬ê ªîó¤»ñ¢. Ýù£ô¢ ï¦é¢è÷¢ îð¢ð¤è¢è âõ¢õ÷¾ «ïóñ¢ ñ¦îñ¢
à÷¢÷¶ âù¢Á ªîó¤ò£¶. «îõ¬î àé¢è÷¤ìñ¢ Þï¢î Þ¼ ªð£¼÷¢è¬÷»ñ¢ è£í¢ð¤î¢¶, “ï£ù¢ àùè¢°
àîõ º®»ñ¢. Ýù£ô¢ Þï¢î Þ¼ ªð£¼÷¢è÷¤ô¢ ã«îÂñ¢ åù¢¬ø ñì¢´ñ¢ î£ù¢ ï¦ â´î¢¶è¢ ªè£÷¢÷
º®»ñ¢. àùè¢° â¶ «õí¢´ñ¢ âù¢Á «èì¢è¤ø¶.
Þî¢î¬èò Åö¢ï¤¬ôò¤ô¢ ï¦é¢è÷¢ âï¢îð¢ ªð£¼¬÷ «î£¢¾ ªêò¢õ¦£¢è÷¢.
â¶ àé¢èÀè¢° ñ¤è
ºè¢è¤òñ£ùî£èî¢ «î£ù¢Áñ¢. î¤¬êò£ ? «ïóñ£ ?
«õèñ£ ? õö¤ò£ ? Ýñ¢ àé¢è÷¢ Îèºñ¢ ðî¤½ñ¢
êó¤î£ù¢. î¤¬ê è£ì¢´ñ¢ è¼õ¤î£ù¢ àé¢èÀè¢° Üî¤è «î¬õò£è Þ¼è¢°ñ¢.
Þï¢îè¢ è¬îè¢° ñì¢´ñô¢ô. ïñ¢ õ£ö¢è¢¬èè¢°ñ¢ Þ«î ï¤¬ôî£ù¢. ðô ð¤óê¢ê¬ùè÷¢ ïñè¢° õ¼ñ¢«ð£¶
êó¤ò£ù î¤¬êò¤ô¢ ªêô¢ôè¢Ã®ò º®«õ ªðó¤ò ªõø¢ø¤¬÷ ªðø¢Áî¢ î¼è¤ø¶.
å¼õ£¢ âõ¢õ÷¾î£ù¢
î¤ø¬ñè÷¢ ªè£í¢ìõó£ò¢ Þ¼ð¢ð¤Âñ¢, «õèñ£è ªêòô¢ðìè¢Ã®òõó£ò¢ Þ¼ð¢ð¤Âñ¢ êó¤ò£ù õö¤ò¤ô¢ ªêô¢ôî¢
ªîó¤òõ¤ô¢¬ô âù¢ø£ô¢ Üõ£¢ Þôè¢¬è Ü¬ìõ¶ Þòô£î è£ó¤ò«ñ.
ªõø¢ø¤è¢° «õèñ£è æ´õ¬îè¢ è£ì¢®½ñ¢, êó¤ò£ù î¤¬êò¤ô¢ æ´õ¶ ºè¢è¤òñ£ù è£óíñ£è Þ¼è¢è¤ø¶.
âù«õ àé¢è÷¢ î¤¬ê¬ò õö¤¬ò êó¤ò£èî¢ î¦£¢ñ£ù¤»é¢è÷¢ ðòíñ¢ êó¤ò£ù «ïóî¢î¤ô¢ ªõø¢ø¤ ªðøì¢´ñ¢.
ªð£¼÷¢è¼õ¤ è£ôñ¢ õ¤¬ùÞìªù£´ äï¢¶ñ¢
Þ¼÷¢î¦ó âí¢í¤ê¢ ªêòô¢
				

Üù¢¹ìù¢
º. «ñ£èù¢
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- î¤¼è¢°ø÷¢

ñòòîî¬ôõ£ ñìô
õíè¢èñ¢ !
àÁð¢ð¤ù£¢è÷¢ Ü¬ùõ¼è¢°ñ¢ è¤¼ú¢¶ñú¢, ¹î¢î£í¢´ ñø¢Áñ¢ ªð£é¢èô¢ õ£ö¢î¢¶è¢è÷¢, 2020ñ¢ ¹î¢î£í¢´
èì¢´ï£¢èÀè¢° å¼ ïô¢ô Ýí¢ì£è Ü¬ñò õ£ö¢î¢¶è¤«øù¢. ®êñ¢ð£¢ ñ£îñ¢ ºîô¢ õ£óî¢î¤ô¢ ªîù¢ùè
ñò¢òî¢î¤ù¢ ªêòø¢°¿ ñø¢Áñ¢ ªð£¶è¢°¿ àÁð¢ð¤ù£¢è«÷£´ Þ¬íï¢¶ ¶¼è¢è¤ ï£ì¢®ø¢° ²ø¢Áô£ ªêù¢Á
õï¢«î£ñ¢. Üî¤ô¢ ºè¢è¤òñ£è CAPPADDCIA ïèóî¢î¤ô¢ à÷¢÷ °¬èò¤ô¢ à÷¢÷ õ¦´è¬÷»ñ¢, õ¤´î¤è¬÷»ñ¢
èí¢´ ð¤óñ¤î¢¶ ï¤ù¢«ø£ñ¢. àôè¤ô¢ Þ¶ «ð£ù¢ø °¬èè¬÷ ï£ñ¢ «õªøé¢°ñ¢ è£í º®ò£¶. Üï¢îï¢î
°¬èè¢° ãø¢ø££¢«ð£ô¢ õ¦´è÷¢, õ¤´î¤è÷¢, ñÅî¤è÷¢ õ®õ¬ñî¢î¤¼ï¢îù£¢. Üî¤ô¢ ï£é¢è÷¢ Þóí¢´ ï£ì¢è÷¢
îé¢è¤ò¤¼ï¢î ÜÂðõñ¢ âé¢è÷£ô¢ õ£ö¢ï£÷¤ô¢ ñøè¢è º®ò£î ÜÂðõñ£è Þ¼ï¢î¶. Ü«î «ð£ù¢Á
Stanbul ïèó¤ô¢ Ü¬ñï¢î¤¼ï¢î ð¤óñ£í¢ìñ£ù ñÅî¤è÷¢ àôè¤ô¢ «õªøé¢°ñ¢ ï£ñ¢ è£í º®ò£¶. «ñ½ñ¢
Pammukkale ïèó¤ô¢
HOT AIR BALLOON ÜÂðõñ¢ âé¢è÷¢ Ü¬ùõ¼è¢°ñ¢ å¼ ¹î¤ò ÜÂðõñ£è
Þ¼ï¢î¶.
«ñ½ñ¢ ®êñ¢ð£¢ ñ£îñ¢ ñè£ðô¤¹óî¢î¤ô¢ ï¬ìªðø¢ø ïñ¶ èì¢´ï£¢ êé¢èî¢î¤ù¢ ¹î¤òî£è ¶õé¢èð¢ðì¢ì ªêé¢¬è
ñò¢òî¢î¤ù¢ ¶õè¢è õ¤ö£õ¤½ñ¢¢, ñ£ï¤ô Ü÷õ¤ô£ù ï£ù¢è£õ¶ MC/GC Ãì¢ìî¢î¤ô¢ ïñ¶ ñò¢òî¢î¤ù¢ ê££¢ð£è
è¤ì¢ìî¢îì¢ì 40è¢°ñ¢ «ñø¢ðì¢«ì££¢ èôï¢¶ ªè£í¢ìù£¢. Ãì¢ìî¢î¤ô¢ îñ¤öèñ¢ º¿õî¤½ñ¢ èì¢´ï£¢èÀè¢° ãø¢ð´ñ¢
ðô¢«õÁ °¬øè÷¢ ªõ°õ£è õ¤õ£î¤è¢èð¢ðì¢´ Ü¬î Üï¢îï¢î ¶¬ø Üî¤è£ó¤èÀè¢°ñ¢ Ü¬ñê¢ê£¢èÀè¢°ñ¢
ªè£í¢´ ªêô¢ô º®¾ â´è¢èð¢ðì¢ì¶
ïñ¶ ªîù¢ùè ñò¢òî¢î¤ù¢ èì¢´ï£¢ °´ñ¢ð õ¤ö£ ñ¤è õ¤ñ£¢¬êò£è ECR-ô¢ Ü¬ñï¢¶÷¢÷ Vaibhav
Resort –ô¢ ªè£í¢ì£ìð¢ðì¢ì¶. Üî¤ô¢ 400è¢°ñ¢ «ñø¢ðì¢«ì££¢ îé¢è÷¢ °´ñ¢ðˆFù«ó£´ õï¢¶ èôï¢¶ ªè£í¢´
õ¤ö£õ¤¬ù ê¤øð¢ð¤î¢îù£¢. Üî¤ô¢ °öï¢¬îèÀè¢è£ù õ¤¬÷ò£ì¢´ð¢ «ð£ì¢®è÷¢, è¬ô ï¤èö¢ê¢ê¤è÷¢ ñø¢Áñ¢
Ýìô¢ ð£ìô¢ ñì¢´ñô¢ô ÜÁ²¬õ àí«õ£´, Ü¬ùî¢¶ èì¢´ï£¢ °´ñ¢ðî¢î££¢è¢°ñ¢ å¼ ï¤¬ù¾ð¢ ðó¤¬ê
ªè£´î¢¶ õ¤ö£õ¤¬ù Üîù¢ °¿î¢î¬ôõ£¢ î¤¼. K. «è£ð¤ï£î¢ ñø¢Áñ¢ Üõ¼ìù¢ î¤¼. A. êî¢î¤òï£ó£òí£,
î¤¼. R. ó«ñû¢, î¤¼. B. ó«ñû¢, ñ¤è ê¤øð¢ð£è ãø¢ð£´ ªêò¢¶ ªè£´î¢î¤¼ï¢îù£¢.
Þï¢î ¹î¢î£í¢®ô¢ õ¼è¤ù¢øù ð¤ð¢óõó¤ ñ£îñ¢ ñî¢î¤ò Üóê£ô¢ Üø¤õ¤è¢èð¢ð´ñ¢ 2020-2021Ýñ¢ Ýí¢®ø¢è£ù
ðì¢ªüì¢ ïñ¶ èì¢´ï£¢ ªî£ö¤½è¢° ¹î¢¶í¢£¢ê¢ê¤ î¼ñ¢ ðì¢ªüì¢ì£è Þ¼è¢°ñ¢ âù¢Á ïñ¢¹«õ£ñ¢. ãªùù¤ô¢
èìï¢î è£ôé¢è÷¤ô¢ GST õó¤ õ¤î¤ð¢ð£ô¢ ïñ¶ èì¢´ï£¢ ¶¬ø ðô¢«õÁ Þù¢ùô¢è¬÷ êï¢î¤î¢¶ õï¢î¶. Üî¤½ñ¢
°ø¤ð¢ð£è îù¤ò££¢ èì¢®ìé¢è¬÷ èì¢´ñ¢«ð£¶ Üîø¢° 18 êîõ¤è¤îñ¢ GST âù¢ð¶ ñ¤è ñ¤è Üî¤èñ¢. «ñ½ñ¢
êé¢èñ¢ ê££¢ð£è ñ£í¢¹ñ¤° ð£óîð¢ð¤óîñ£¢ Üõ£¢èÀè¢°ñ¢, ñ£í¢¹ñ¤° ï¤î¤ Ü¬ñê¢ê£¢ Üõ£¢è÷è¢°ñ¢ ê¤ô
«è£ó¤è¢¬èè¬÷ ðó¤ê¦ô¤è¢è è®îñ¢ ÜÂð¢ð¤»÷¢«÷£ñ¢. Üî¤ô¢ °ø¤ð¢ð£è Üóê£é¢è åð¢ðï¢îî£ó£¢èÀè¢è£ù ð¤ô¢
ªî£¬è ªðÁõîø¢è£è è£ôî£ñîñ¢, Ü´è¢°ñ£® õ¦´èÀè¢° ºø¢ø¤½ñ¢ GST ò¤ô¤¼ï¢¶ õ¤ôè¢° Ü÷¤ð¢ð¶, õ¦´
õ£é¢°«õ£¼è¢°ñ¢, èì¢´«õ£¼è¢°ñ¢, õì¢® õ¤è¤îî¢¬î °¬øð¢ð¶, Ü¬ùî¢¶ ¶¬øè÷¤½ñ¢ Single Window
System ªè£í¢´ õ¼õî, èì¢®ì ÜÂñî¤è¬÷ °ø¤ð¢ð¤ì¢ì è£ôî¢î¤ø¢°÷¢ ªðÁõ¶ «ñ½ñ¢ ïñ¶ ªî£ö¤ô¢
ê££¢ï¢î ðô «è£ó¤è¢¬èè÷¢ Üóê£é¢èî¢î¤ù¢ èõùî¢î¤ø¢° ªè£í¢´ ªêù¢ø¤¼è¢è¤«ø£ñ¢. Üóê£é¢èî¢î¤ìñ¤¼ï¢¶
ïô¢ôªî£¼ ªêò¢î¤è÷¢ õ¼ñ¢ âù¢Á ïñ¢¹«õ£ñ¢.
ñ¦í¢´ñ¢ å¼ º¬ø Ü¬ùõ¼è¢°ñ¢ ¹î¢î£í¢´ õ£ö¢î¢¶è¢è¬÷ ªîó¤õ¤î¢¶è¢ ªè£÷¢è¤«øù¢.

SAVE WATER SAVE LIFE

Üù¢¹ìù¢
S. Þó£ñð¢ð¤ó¹
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Stages of
Manufacture of
Concrete

A.R.Santhakumar

Former Emeritus Professor,
Department of Civil
Engineering IIT Madras

The materials that go to make good concrete as well as poor concrete are the same. If poor control over the
process of making concrete is exercised, then we get only bad quality concrete. However with the same ingredients,
if intense care is taken to effect good control over the process of
concreting, then and only then, we get good quality concrete. The
various stages of manufacture of concrete are:
(1) Batching
(2) Mixing
(3) Transporting
(4) Placing
(5) Compacting
(6) Curing and
(7) Finishing
This is schematically shown in Fig 1. it should be borne in
mind that quality control is most important during all stages of
manufacture of concrete

1 Batching

Batching is the process of measuring specified quantities of cement, aggregate, water and admixtures as per the
mix proportions for a specified grade of concrete. Thre are two methods of batching. They are:
1. Volume batching
2. Weigh batching
1. Volume batching: Volume batching is not a good method because of the inaccuracies it introduces in the
measurement of granular materials. Volume of loose sand in a moist condition weighs less than the same volume
of dry compacted sand due to the phenomenon of “bulking”. Hence the effect of bulking must be considered while
measuring sand. For less important non-engineered small works, in spite of the draw backs, this method is adopted
because of its ease in application. However it is unscientific and hence not recommended for important works.
The quantity of the two variables that should be reckoned in the volume batching are:
1. Relative proportion of the ingredients of concrete in terms of volume
2. The water- cement ratio
Table 1 shows the recommended values of relative proportion of ingredients by volume for different grades of
concrete.
Table .1 Relative proportion of ingredients generally used in Volume batching

Grade of Concrete

Relative proportion of ingredients by volume
Cement
Sand
Coarse aggregate
M10
1
3
6
M15
1
2
4
M20
1
1.5
3
M25
1
1
2
Water cement ratio used must be specified as per IS 456:2000
The typical gauge box used to measure the volume of ingredients is shown in Fig.2
The steps involved in the volume batching process are given below:
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Specified as
1:3:6
1:2:4
1:1.5:3
1:1:2

Step 1: Cement is first measured by weight. One bag of cement weighs 50 kg. This
has a volume of 35 liters or .035 m.3 Cement should not be measured by volume
because its unit weight will vary depending on the type of compaction during filling
of the cement bags.
Step 2: The gauge box shown in Fig.5.2 is used for measuring the required volume
of coarse aggregate and sand. Generally the volume of the box is 35 liters that is
the volume of one bag of cement.
Step 3: The moisture present in the sand must be accounted for during batching.
The quantity of water is found by multiplying the water- cement ratio by weight of
Fig.2 A Typical Gauge box
cement. From this quantity the water present in the aggregate is deducted to arrive
at the water to be added to the mix. Water is measured in liters. However it can also be measured by weight in kg
as its unit weight is 1.

2. Weigh batching

Weigh batching is the correct method of measuring the materials that go to form concrete. Use of weigh batching
system facilitates accuracy, flexibility and simplicity. For large works, a weigh batching plant is used. A typical batching
plant consists of the following.
1. Aggregate bins for storage of aggregates
2. Feeding Mechanism such as scrapers, conveyors or hoist
3. Mixers for mixing the materials
4. Measuring system such as balances scales or electronic weigh system
5. Storage tank for water and water measuring system
6. Dispenser for chemical admixtures
7. Control room
Fig.3 shows a typical modern batching plant. Aggregates are stored in silos and in bins protecting them from rain
and dust from wind. Scrapers and conveyors are used to feed the mixers. Two types of plants are used. It may be
either cyclic or continuous. In continuous feeding is done continuously automatically whereas is cyclic type loading
and discharge are done cycle after cycle generally manually.

Fig. 3 A typical concrete batching plant

The code IS 456:200 stipulates the measuring accuracy. Cement is measured for ± 2% accuracy and other
materials such as aggregates, water and admixtures are measured for ± 3% accuracy. The ingredients enter from
one side of the mixture machine and it gets discharged from the other side.
Measurements of weight are made accurately by a system of mechanical levers and load cells. The discharge is
done in modern machines automatically by weigh hopper gates operated by compressed air cylinders.
Presetting desired batch weight is feasible by using punched cards or digit switches and microprocessor computers.
Microwave moisture gauges are employed to determine the moisture in aggregates and in most plants flow meter
is used to measure and regulate water quantity. In some plants water is also weighed.
IS 4925:2004 Concrete batching and mixing plant specification permits the tolerances given in Table 2 in batching
depending on type of material.
Table 2 Tolerances in weight during batching materials for concrete
The minimum weight of any material for which the above tolerance apply is given by
W = (0.3 X R)/T where
W= Minimum weight in kg.
R= scale capacity in kg. and
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The minimum weight of any material for which the above tolerance apply is given by
W = (0.3 X R)/T where
W= Minimum weight in kg.
R= scale capacity in kg. and
T= weight tolerance in percent.
Proper batching ensures better quality. Variations in strength and other properties result from variations in
proportions. If the properties of concrete like strength, density, slump exhibit less variation then we say the concrete
is of uniform quality. On the other hand, if the variation of property, for example, strength variation is large, then it is
not a uniform concrete. If the slump variation is large, it is not a uniform concrete. Every property that we are looking
at, such as air content, aggregate content etc. should be less variable and be as uniform as possible.

2 Mixing

Through mixing is essential for the production of uniform quality of concrete. The method chosen for mixing
should be in such a manner that it is capable of effectively mixing concrete material containing largest specified
aggregate to produce uniform mixture for practically required slump.
2.1 Methods of mixing
Concrete is mixed either by hand mixing or machine mixing, based on requirement as per quality and quantity of
concrete required. Normally for mass concrete, where good quality of concrete is required, mechanical mixer is used.
1. Hand mixing
Mixing by hand is employed only to specific cases where quality control is not of much importance because of the
unimportant nature of work and quantity of concrete required is less. Hand mixing will not produce uniform concrete
and hence should not be normally used except for very small domestic works. The steps involved in hand mixing are
given below:
Step 1: Before mixing aggregates are washed with water to remove impurities such as dirt, dust or any other unwanted
materials.
Step 2:Measure the quantity of sand and spread it eve3nly on a platform.
Step 3:The required quantity of cement is spread evenly on the previously spread sand
Step 4:The sand and cement is mixed intimately using shovel turning it over and over again till uniform coloured mix
is obtained.
Step 5:This sand cement mix is uniformly spread and on top measured amount of coarse aggregate is spread to
have an uniform thickness.
Step 6:The whole mass should be mixed a number of times but at least three times by shovelling and turning over
by twisting from centre to side, then back to the centre and again to the sides.
Step 7:A pit is made in the middle of the mixed heap.
Step 8:Three quarters of the total quantity of water required is added while the materials are turned in towards the
centre with spades. The remaining water is added by a water-can fitted with rose head, slowly turning the
whole mixture over and over again. This operation is continued until a uniform colour and consistency is
obtained throughout the heap.
Step 9:5 percent extra cement is added than that specified for machine mixing, when hand mix cement concrete is
produced.
2. Mechanical mixing
Mechanical mixers can be divided into two main types. They are batch mixers and continuous mixers.
Batch mixtures produce concrete batch by batch, one batch at a time. The operation is intermittent. The raw
material is loaded at one end and concrete is discharged at the other end. This constitutes a cycle of operation which
is repeated till enough quantity of concrete is produced.
Continuous mixers produce concrete at specified rate. The raw materials are continuously entered at one end and
mixed concrete exits at the delivery end.
Types of batch mixers
The following two types are commonly employed
1. Horizontal or inclined axis (Drum mixers) (See Fig.5.4)
2. Vertical axis (Pan mixers)(See Fig..5)
The drum mixers have a drum, with fixed blades, rotating around its axis. The components of the drum mixer are
shown in Fig.4.
Atypical Pan Type mixer is shown in Fig.5 Pan mixers, on the other hand, may have either the blades or the pan
rotating around the vertical axis.
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1. Working of the drum mixer

The blades of the drum mixer are attached to the movable drum. The material is input into the
opening at the left side. When the blades rotate they drag and lift the material and make it fall.
This operation ensures through mixing. For good mixing the rotation speed is controlled. The
following are the types of drum mixers
i. Non-tilting drum;
ii. Reversing drum;
iii. Tilting drum.
The tilting type shown in Fig.6 is commonly used because of its convenience.
In the non- tilting type (Fig.7) material is input at the left opening and after mixing discharged
from right opening. In the reversing type the same opening is used to input and also discharge the
material. The drum rotates clockwise for mixing and anticlockwise for discharging.
Three operations, namely, filling the mixer, mixing and discharging the mixed concrete is
performed to get thoroughly mixed good fresh concrete. These are shown schematically in Fig.8.
Mostly tilting drum mixers are used in trucks employed in ready mixed concrete production.
The speed of mixing if the ingredients are pre mixed is about 2rpm and if no pre mixing is done
then the rate of mixing is 15 rpm.
2. Working of Pan Mixers

In Pan mixers either the pan or the blade or both rotate. Different configuration of blades is
adopted. Fig 5.9 shows typical layouts of Pan and blades adopted.
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In the configuration of Fig 5.9 a and b, the axis of rotation of the pan and blade coincide. However, Fig.4.9 c and d
there are two rotations- one having dual shaft and the other having counter current motion.Fig.4.9 e shows a pan
mixer in which both pan and scraper are rotating. To discharge the mixer the trap door at the bottom is utilized.
Continuous mixers
They are usually of non-tilting type. They have screw type blades ratating at the middle of the drum. The drum is
tilted 15 degrees downward towards discharge end. A major use is for
low slump concrete employed in road works.
5.2.2 Mixing Time:
The mixing method includes loading of material, mixing time which
imparts a particular energy to the ingredients and the discharge
method. The efficiency of mixing depends on the duration of loading
mixing and discharge. A typical schedule of loading, mixing and
discharge is shown in Fig.5.10
Perfomance attribute of the mixed concrete:
The concrete produced should have uniform properties of all
significan variables. The properties that are considered for uniformity
are the following:
i. Workability in terms of Slump
ii. Density of concrete
iii. Air content
iv. Compressive strength
The efficiency of mixing is determined by the uniformity of concrete
produced. Thus what is required is homogenious concrete. A direc measure of homgeneity depends on concrete
composition, such as distribution of various constituents, including air content present in various samples taken
during the concrete discharge.
5.2.3 Retempering
Re-tempering is remixing of wet concrete which has stiffened due to loss of workability caused primarily due to
delay in placing after mixing concrete. The delay occurs for the delivery of concrete from the mixing plant due to time
consuming transportation, long distance and sometimes traffic hold up. Generally, the concrete which has stiffened is
rejected by the engineer at site. However from economic and from environmental consideration such rejection should
be justified if not that stiffened concrete should be reused. To reuse the stiffened concrete usually specific quantity of
cement and water are added.
I.S. Code does not allow remixing of partially hardened mortar/
concrete. Therefore if such concrete is to be reused a detailed quality
study must be undertaken to know the pros and cons of the problem.
If the codes are not followed, additional water must be added to
the concrete to restore the slump and provide sufficient workability
for proper placing and compaction. The objection is then, that the
additional water means a higher water/cement ratio and lower strength
and durability.
A retempered concrete shows that a very wet mix having delay
of one hour gains a strength increment of 2-15% when proper
retempering is applied with additional cement and water or suitable
admixtures. But further delay renders a decrease in strength
It is well known that retarding admixtures are capable of delaying
the hardening of concrete to the extent that it can be vibrated or
finished much later than normal without detriment to strength or
durability.
Fig 5.11 shows the effect on 28-day compressive strength as
compared to the addition of water alone to restore the slump. Mixing
was carried out for 5 minutes before slump tests.
It can be seen from Fig.5.11 that compressive strength was reduced
when water was added at any period. However, it increased by nearly 5
MPa when the slump was restored after 2 hours by the addition of the
retarder. At 4 hours strength also increased when slump was restored
by the addition of retarder and water. After 6 hours only a slight
reduction in strength is noted. These observations show that scientific
re-tempering can be possible for field application.
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5.3 Transporting Concrete
Concrete is produced using one of the following two methods:
1. Ready mixed concrete
Concrete produced away from the site of construction is transported in ready-mix trucks and delivered at site
requiring no further treatment before placing in forms ks is called ready mixed concrete.
2. Site mixed concrete
In site mixing, the plastic concrete, from the mixer is transported to the forms before placing.
The various issues related to transportation of ready mixed concrete is discussed in a later chapter on Ready
mixed concrete. Herein the aspects related to transportation of site mixed concrete are elaborated.
The main objective of transporting concrete is to ensure that the parameters such as water-cement ratio, slump,
consistency, air content and uniformity are not changed before reaching the forms for placing. The process of
transportation should not lead to either loss of slump or segregation.
The following methods are used for transporting concrete
i. Discharged directly into forms by short Chutes:
Short chutes in a semi circular shape stiffened at intervals are simple and economical to use. Free fall of concrete
from a height of more than 2m must be avoided.
ii. Barrows
Manual Wheel Barrows of approximately 80 kg capacity can be used for long horizontal distances. For major
works power barrows of 800 kg capacity up to 300 m hauls are used with advantage.
iii. Dumpers and trucks
These are used for horizontal long hauls. Because of jolting, especially if the terrain is rough, the concrete during
transit has the risk of segregation.
iv. Elevating towers and Hoist
In multi storied buildings, elevating towers are used for lifting concrete buckets. The lifted concrete is then
distributed by either chutes or barrows. This type of transportation can be used where ever high lifts are required.
v. Monorail system
In tunnels and in dam sites, a single track is laid to carry a monorail power wagon which moves at a speed of 80
m/min. This type of transportation can be used for covering long distances.
vi. Cranes and Cable way
When concreting is to be done in a large project covering mountains and valleys, Cranes and cable way are
used to provide there dimensional transport enabling both horizontal and vertical movement. Depending on
the site condition, the type of crane can be chosen. It may be a derrick, Crawler or wheel mounted.
vii. Belt Conveyor
It provided for long hauls. It is not very much recommended because of its vulnerability to encourage
segregation. The initial setting up cost is also high. Discharge can be as high as 115 cum/ hour.
viii. Concrete bucket and skip
These are common equipments. Fig.5.12 shows a typical concrete bucket. The capacity of skip varies from about
0.2 m3 to 10 m3.
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The discharges of concrete are controlled by shape of the gate and
proper flow.
ix. Tremie
Tremie pipe is used to transport concrete under water. It consists of
a pipe and a funnel at the top. The trmie is first filled with bentonite
slurry and then it is displaced fby wet concrete. The use of tremie is
further discussed in a later chapter.
x. Concrete pumps and pneumatic placers
A concrete pump is used for transporting concrete by pumping. There
are two types of concrete pumps.
Fig.5.13 Boom placer in operation
1. In the first variety concrete pump is attached to a truck. It is known
as a trailer-mounted boom concrete pump because it uses a remote-controlled articulating robotic arm (called a
boom) to place concrete accurately. Boom pumps are used on most of the larger construction projects as they are
capable of pumping at very high volumes and because of the labour saving nature of the placing boom. They are a
revolutionary alternative to truck-mounted concrete pumps.
2. In this type, concrete pump is either mounted on a truck or a trailer and is known as a truck-mounted concrete
pump. It is also referred to as a line pump or trailer-mounted concrete pump depending on where it is mounted. This
pump requires flexible concrete placing hoses attached to the outlet. These hoses are linked and lead to wherever
the concrete is to be placed.
xi. Boom Conveyors
Using Boom conveyors concrete can be placed at locations like the raft slab of a basement, as shown in Fig.5.13.
Concrete with a flowing character can be efficiently placed at even awkward locations with ease.
5.4 Placing concrete
The placing operation consists of equipment, layout, proposed procedures and methods.These should be
planned and no concrete should be placed until formwork is inspected and found suitable for placement. Equipment
for conveying concrete should be capable of practically continuous flow of concrete during depositing. The drop0 in
height during placement should not be such as to encourage segregation.
Concrete should be placed in its final position before the cement reaches its initial set. The placed concrete must
be compacted in its final position within 30 minutes of leaving the mixer. After final compaction placed concrete
should not be disturbed.
While placing, concrete should be deposited as nearly as practicable directly in its final position. Concrete should
not be moved or re-handled or caused to flow in a manner which may encourage disturbance to the final position. In
particular, following aspects may cause weakness of the finished concrete
1. segregation where concrete is dropped as in columns and walls
2. loss of materials,
3. displacement of reinforcement,
4. Dislocation of shuttering or embedded inserts or
5. cracking and loss of strength.
5.4.1 Methods of placing
i. Free fall method
Concrete is placed by the free fall from top to the bottom. The concreting should be done at the centre first and
it should flow to the edges. For most structures this type of placement is adopted. To avoid segregation the free fall
height should be restricted.
ii. Pump line method
In this method concrete is pumped through a pipe. The pipe usually flexible can be positioned to fill the formwork
uniformly.
iii. Tremie method
Gravity feed concrete into the tremie is adopted generally for under water concreting. Concrete is introduced into
the hole and feed by pump into the tremie. The concrete falls by gravity and continuously placed till the pipe is full.
5.4.2 Striking forms
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The form work and false work stability is important and should be checked
carefully. Generally three checks are made
1. Structural strength of members and connections
2. Lateral stability and
3. Overall stability
The time at which striking is permitted is usually related to strength of concrete.
The determination and proper assessment of compressive strength is important.
This involves many factors such as water-cement ratio, type of cement used and
temperature etc. the main criteria for removal of formwork from walls and columns is
their strength achievement such that mechanical damage is avoided during striking.
5.5 Compaction
Compaction is intended to expel the entrapped air and coarse and fine aggregate
particles in wet concrete mass are packed together without any voids. This action
is intended to increase the density concrete. In addition good compaction helps to
achieve the following:
i. Increases the strength of concrete
ii. Increases the bond between the concrete and reinforcement
iii. Increases the abrasion resistance
iv. Decreases permeability
v. Aids in reducing shrinkage and creep
Proper compaction makes the concrete flow to nook and corner of the formwork avoiding formation of honeycombs.
This helps in obtaining good finish especially for vertical surfaces. Normal concrete, when it is placed in formwork will
contain 5 to 25 % of air voids. By good compaction this can be reduced to 1 to 3 %. Fig.5.14 shows the relationship
between strength and voids present for a typical M25 concrete. It can be seen that presence of 10 % air voids
reduces the strength by more than 50%
Fig 5.15 shows the two stages of compaction, namely (i) the initial liquefaction of concrete when the aggregates
are made to slump and fill the formwork and (ii) the final expulsion of entrapped air. The first stage takes about 3 to 5
seconds and the second stage takes 10 to 20 seconds when the entrapped air bubbles tend to come to the surface.
The operation of compaction should be continued until air bubbles no longer comes to the surface.
5.5.1 Methods of compaction
There are the following two methods of compaction
1. Hand compaction
2. Mechanical compaction
1.Hand Compaction
Hand Compaction is used for minor unimportant structures because of its inefficiency. The mix design used should
suit the hand compaction with respect to the slump. The following three approaches are used for hand compaction.
a. Roding: A 2m long rod of 16 mm diameter is used to poke the concrete at corners of formwork to expel entrapped
voids. The thickness of layers used for enabling Roding is about 10 to 15 cm.
b. Ramming: Used for compacting on the ground in foundations etc. for plain concrete. Generally not used for RCC.
c. Tamping: the top surface for slabs is generally beaten down by wooden rammers of thickness 10cm with a handle.
This is intended to achieve both leveling and compaction simultaneously.
2. Mechanical Compaction
Mechanical vibration causes expulsion of air and enables compaction
of concrete. Various types of mechanical vibrators are used for this
purpose. The main types used are the following:
i. Immersion vibrators ( Internal or Needle vibrators)
ii. Surface vibrator
iii. Form vibrator
iv. Table vibrator
v. Platform vibrator
i. Internal needle vibrators:
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These are most common type of vibrators used in a majority of construction sites.
They consist of a tubular housing within which an eccentric weight rotates and thus
induces vibration on the surrounding mass. The frequency range adopted is 3000
to 5000 rpm. The diameter of the needle varies from 20 mm to 75 mm. They are
available in lengths of 25 cm to 90 cm. Depending on the diameter of the needle and
frequency of vibration the zone of influence varies from 100 to 600 mm.
Immersion vibrators are driven by a flexible shaft connected to a motor, or an
electric, petrol or diesel motor situated within the tubular housing or by compressed air. The first one is more common
in construction sites in India.
Needle vibrators should be inserted vertically into fresh concrete as quickly as possible and held stationary till air
bubbles coming out ceases to rise to the surface. This usually takes about 20 seconds. The vibrator should be slowly
withdrawn and reinserted vertically near in an adjoining position. These operations are repeated till all the concrete
is well compacted. A typical pattern of needle vibrator insertion locations in plan is shown in Fig.5.16 along with the
correct method of insertion
ii. Surface vibrator
Surface vibrators are applied to the top surface of concrete. They act downwards from there. They are used to
compact large slabs, industrial floors, pavements etc. they also aid in leveling and finishing the surface of the slab/
pavement. Generally these are not effective beyond 15 to 20 cm. Vibrating beam screed is the most common type
of surface vibrator.
A vibrating beam screed consists of a metal beam on which a vibrating unit is attached. In general the centrally
mounted vibrating unit has a span of 6m. A typical unit is shown in Fig.5.17. These units are pulled by hand to effect
the compaction. As can be seen the surface vibrators act from top towards bottom and hence as we go down the
efficiency of compaction decreases. Hence the surface vibrators are effective for slabs up to 150mm.
iii. Form vibrator
Form vibrators are also called “external vibrators”. These are used
in members where the reinforcements are congested. The vibrators
are clamped to formwork and when the form vibrates the concrete gets
compacted. For this application formwork should also be designed to resist
the forces imposed on it by the attached vibrator.
iv. Table Vibrator
Fig. 5.18 Variation of strength due to
This type is usually adopted in laboratories for small specimens are
re-vibration
put on a vibrating table. Standard cube and cylinders cast as companion
specimens in the lab
are generally subjected to compaction by the Table Vibrators.
v. Platform vibrators
These are similar to table vibrators but are of large size. They are used in precast industries to vibrate large
panels such as wall or hollow core slab units.
5.5.2 Under-vibration
Concrete is not compacted well enough due to insufficient vibration which is known as under-vibration. It reduces
the strength and durability of concrete. It can also affect the surface finish. Under vibration is also the normal cause
for honeycombs in concrete. Under vibration can be avoided by proper supervision
of vibration duration and spacing of insertion of needles to avoid shadow areas not
vibrated.
5.5.3. Over Vibration
Excessive duration of vibration causes segregation of lager particles from finer
ones. It is characterized by excessive thickness of mortar at the surface of concrete.
The surface concrete will also have frothy appearance. The problems usually occur
in poorly proportioned mixes. Controlling the water –cement ratio and controlling the
duration of operation of vibrator are a few measures that are adopted to overcome
Fig. 5.19 Effect of air temperature on
this problem
loss of water from concrete
5.5.4 Re-vibration
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Fig. 5.20 Effect of wind velocity on loss
of water from concrete

Fig. 5.21 Effect of temperature of concrete
on loss of water from concrete

Generally, concrete must be vibrated as soon as it is placed in the formwork. However, in certain cases, to ensure
a good bond between the first layer of concrete already laid and fresh concrete, it is vibrated again. This is called
re-vibration. The variation of strength due to re-vibration is shown in Fig. 5.18.
It is necessary to vibrate concrete when it is fresh, before the initial setting. However, when concrete is laid in
layers, the bottom layer stiffens before the top layer is laid. In order to ensure a good bond between layers, the top
of the bottom layer can be re-vibrated if it can regain its plastic state. Based on experimental results, it has now been
established that concrete can be re-vibrated.
The improvement in strength because of re-vibration results from the expulsion of trapped water and is found
to be the highest in concrete that is susceptible to bleeding. In spite of the above advantages, re-vibration is not
ordinarily recommended or practiced because it involves one more step in the production of concrete. Careless revibration applied after considerable time has elapsed reduces the strength of concrete.
5.6 Curing
“Curing” means maintaining satisfactory moisture content and temperature in fresh concrete in order to achieve
the desired strength and hardness.
5.6.1 Importance of curing
Drying removes the water needed for hydration. Without adequate water and due to insufficient hydration, concrete
tends to be weak. Temperature is an important parameter to consider for proper curing. In outdoor concreting,
temperature, humidity, wind velocity, etc. contribute to the evaporation loss of water. Properly cured concrete has
better durability and better surface hardness, and is less permeable.
Powers (1932) has shown that hydration is significantly less when the relative humidity in the pores drops below
80%. Lerch (1951) conducted some tests to study the effects of air temperature, wind velocity, and the temperature
of concrete on the loss of water available for hydration. Figures 5.19–5.21 present his findings.

Fig. 5.22 shows the effect of loss of moisture on the reduction of humidity in the pores.
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Fig. 5.22 Effect of relative humidity on loss of water from concrete (Source: Neville 1963)

The prevention of loss of moisture from concrete is important not only from the point of view of strength development
but also from that of prevention of plastic shrinkage, decrease in permeability, and improvement of resistance to
abrasion. The loss in the 28-day strength seems to be directly related to the loss of moisture during the first three
days. From Fig. 5.23, it is evident that a 5% loss in moisture leads to nearly 75% loss in strength. Hence, continuous
curing for first three days is a must. Intermittent curing seems to be even worse than no curing at all.
To sum up the advantages of careful control of moisture and temperature in curing results in:
i. Strength of concrete is more for favorably cured concrete.
ii. Wearing strength is also better
iii. Drying shrinkage and cracking are reduced
iv. Greater impermeability results
v. We get a concrete of better durability
Efficient curing results if the following is adopted:
i. Start curing operation as soon as possible before concrete dries up.
ii. For proper curing concrete needs moisture.
iii. Continuous curing is a must. Alternate wetting and drying encourage cracking.
iv. Ideal curing temperature is 23 degree C
v. Cure concrete for at least 10 days
5.6.2 Methods of curing
Concrete is kept moist by the following methods:
i. Maintaining the mixing water in concrete without evaporation during early strength development period. Ponding,
immersion, spraying, fogging, and providing saturated wet covering prevent evaporation and maintain a cool
temperature which is beneficial in hot weather.
ii. By reducing the loss of mixing water from the surface by covering the concrete with impervious paper, plastic sheet
or by applying membrane forming curing compounds or by retaining the impervious formwork for the required
period of curing.
iii.By accelerating the strength gain by heat and moisture under pressure to the concrete. This is achieved by
heating coils, applying live steam, or electrically heated forms or pads.
5.6.3 Duration of curing
Curing should start early and be continued till required. The period of curing to be adopted depends on a number
of factors such as severity of temperature, drying conditions, humidity, and the prevailing wind conditions. Table 5.3
gives the periods of curing for normal concretes. This table can be adopted for rapidly hardening or slowly setting
concrete with suitable modifications.
5.7 Finishing concrete surface
A well concrete surface does not require external plastering. Often plastering is resorted to hide the defects in the
manufactured surface of concrete. This should be avoided. It is best to have exposed form finish
5.7.1 Different types of finishes
The following three types of rubbed finishes can be provided:
i. Smooth rubbed finish
ii. Grout cleaned finish
iii. Cork floated finish
i. Smooth rubbed finish: this is applied within a day after removal of formwork. The wetted surface is rubbed with
Carborundum abrasive unit until the desired finish is attained. No external grout is used.
ii. Grout cleaned finish: this is achieved by the application of grout one part of Portland cement and 1.5 parts of
fine sand mixed with enough water to achieve the consistency of a thick paint. White cement is added to match
the surrounding concrete. The grout is scrubbed into the voids. Then the surface is rubbed and kept damp for 36
hours
iii. Cork Floated finish: Requires a stiff grout to be applied to the wetted surface. Proportions of sand and cement are
1-to-1, with white cement included as needed for color matching. Compress this grout into the voids by grinding
with a slow-speed grinder. Use a cork float to produce the final finish with a swirling motion.
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Fig. 5.23 Relation between the compressive strength of concrete at 28 days and the loss of water during the first three days
(Source: Nischer 1982)

Table 5.3 Minimum curing period in days
					Temperature (°C)
					5
10
20
No sun, RH* ≥ 80			
6
5
4
Medium sun and winds, RH ≥ 50
8
7
6
Strong sun or high winds, RH ≥ 50 10
9
8
*RH denotes relative humidity (%)

30
3
5
7

40
3
4
6

5.8 Autogenous Healing
Fine cracks appear in concrete in the initial stages due to shrinkage and temperature. If these cracks are allowed
to close without lateral displacement under moist conditions, they tend to heal completely due to hydration of the
cement that had not hydrated thus far. This phenomenon is called autogenous healing of concrete. The width of
cracks that can undergo this type of healing is estimated to be 0.1–0.2 mm. Moisture conditions and the application of
minute pressure help autogenous healing (Fig. 5.24). Cracks having smaller widths heal faster (within about a week).

Fig. 5.24 Autogenous healing encouraged by favourable forces
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èñ¢ðó¤ù¢ èõ¤ð¢¹ô¬ñ
ñ£ªð¼ñ¢ èõ¤ëó£è à¼ªõ´î¢î èñ¢ðó¤ù¢ ¹è¬ö Üø¤ï¢î Üð¢«ð£¬îò «ê£ö
ñù¢ù£¢, Üõ¼è¢° Ü¬öð¢¹ õ¤´î¢î££¢. Üóí¢ñ¬ùè¢° ªêù¢ø Üõ£¢, ñù¢ùó¤ù¢ Üù¢¹
èì¢ì¬ìè¢è¤íé¢è Üõó¶ ð¬ìð¢¹è÷¤ô¢ ê¤ô õó¤è¬÷ Üõ¼è¢°ð¢ ð£®è¢ è£ì¢®ù££¢.
Üõó¶ èõ¤î¢î¤ø¬ù «ïó¤ô¢ èí¢´ õ¤òï¢î «ê£ö ñù¢ù£¢ Üõ¼è¢°ñ¢ “ èõ¤ë£¢è÷¤ù¢ «ðóóê£¢”
âù¢Áñ¢ Ü£¢î¢îº¬ìò “ èõ¤ êè¢èóõ£¢î¢î¤” âù¢Á ðì¢ìñ¢ Åì¢®, Üõ¼è¢° ªê£ï¢îñ£ù
ªð¼õ£ó¤ò ï¤ôî¢¬îð¢ ðó¤ê÷¤î¢¶ Üîø¢° “ èñ¢ðï£´” âù¢Áñ¢ ªðò£¢ Åì¢®ù££¢.

Þôè¢è¤ò õ£ö¢è¢¬è
èñ¢ðó¤ù¢ î£ò¢ªñ£ö¤, îñ¤ö¢ âù¢ø£½º, êñú¢è¤¼îî¢î¤½ñ¢ Üõ£¢ ¹ô¬ñ ªðø¢«ø õ¤÷é¢è¤ù££¢.
Üîø¢° ê£ù¢Á, Üõ£¢ â¿î¤ò “èñ¢ðó£ñ£òíñ¢” ºù¤õ£¢ õ£ô¢ñ¦è¤ êñú¢è¤¼îî¢î¤ô¢ ð¬ìî¢î
ó£ñ£òíî¢¬î Üõ£¢ îñ¤ö¤ô¢, Üõ¼è¢°ó¤òî¢î£ù ð£í¤ò¤ô¢ ñ¦í¢´ñ¢ â¿î¤ù££¢. Üõó¶
ð£ìô¢ õó¤è÷¤ù¢ Üö°, Üø¢¹îñ£ù ïòñ¢ àõñ£ùñ¢ ñø¢Áñ¢ ðô õ¬èò£ù õ¤òè¢èî¢î°
èõ¤¬î ï¬ìè÷¢ Üõó¶ ð£óñ¢ðó¤ò èõ¤¬îè÷¤ô¢ Þìñ¢ ªðø¢ø¤¼è¢°ñ¢. îñ¤ö¢ ªñ£ö¤ò¤ù¢
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ñ¢ð£¢ Üõ£¢è÷¢ è¤.ð¤. 12 Ýñ¢ Ëø¢ø£í¢®ô¢, Þï¢î¤ò£õ¤ù¢ îñ¤ö¢ï£´ ñ£ï¤ôñ¢, îë¢¬ê
ñ£õì¢ìî¢î¤ô¢ à÷¢÷ î¤¼õ¿ï¢É£¢ âù¢Âñ¢ Þìî¢î¤ô¢ Ýî¤î¢îù¢ âù¢ðõ¼è¢° ñèù£è
ð¤øï¢î££¢.
Üõ£¢ îñ¤ö¢ï£ì¢®ô¢ à÷¢÷ ªõí¢¬í ªïô¢½£¢ âù¢Âñ¢ áó¤ô¢ à÷¢÷ å¼
ðíè¢è£ó õ¤õê£ò¤ å¼õó£ô¢ ªêô¢õ, ªêö¤ð¢«ð£´ â´î¢¶ õ÷£¢è¢èð¢ðì¢ì££¢. Þ÷ñ¢
õòî¤ô¤¼ï¢«î Üõ£¢, ªî£ù¢¬ñò£ù ªñ£ö¤è÷£è êñú¢è¤¼îñ¢ ñø¢Áñ¢ îñ¤ö¢ ªñ£ö¤ò¤ù¢
ñ¦¶ «ðó££¢õñ¢ à¬ìòõó£è Þ¼ï¢îî£ô¢, Üõó¶ ïôñ¢ õ¤¼ñ¢ð¤ò£ù õ÷¢÷ô¢«ê¬ìòð¢ð
ºîô¤ò££¢ âù¢ðó¤ù¢ àîõ¤»ìù¢ Üõ¢õ¤¼ ªñ£ö¤è¬÷ ñ¤°ï¢î Ý£¢õî¢¶ìù¢ èø¢Áî¢ «î£¢ï¢î££¢.
ê¤Á õòî¤ô¤¼ï¢«î Üõ¼è¢°è¢ èõ¤¬îè÷¢ â¿¶ñ¢ Ý£¢õñ¢ Þ¼ï¢î¶. Üñ¢ ªñ£ö¤è÷¤ù¢
Ü®ð¢ð¬ì¬ò ð£ó£ñ¢ðó¤ò º¬øò¤ô¢ ïù¢° èø¢ø Üõ£¢, ðô èõ¤¬îèÀñ¢, Ëô¢èÀñ¢ â¿îî¢
ªî£ìé¢è¤ù££¢. Üîù¢ ð¤ù¢ù£¢ Üõó¶ èõ¤ð¢¹ô¬ñ âì¢ìî¢î¤è¢°ñ¢ ðóõî¢ ªî£ìé¢è¤ò¶.



ªðó¬ñ¬ò, Þ¬ìè¢è£ô è£ôè¢èì¢ìé¢è÷¤ô¢ Üø¢¹îñ£è ªõ÷¤è¢è£ì¢®òî£ô¢ Üõ£¢ “ èñ¢ð
ï£ì¢ì£ö¢õ££¢” âù¢Áñ¢ Ü¬öè¢èð¢ðì¢ì££¢. Üõ£¢ èñ¢ðó£ñ£òíñ¢ îõ¤ó ê¤¬ôªò¿ð¶,
êì«è£ð£¢ Üï¢îî£î¤, êó²õî¤ Üï¢î£î¤, î¤¼è¢¬è õöè¢èñ¢, ãªó¿ð¶ ñø¢Áñ¢ ºñ¢ñí¤è¢«è£¬õ
«ð£ù¢ø Üø¢¹îð¢ ð¬ìð¢¹è¬÷ð¢ ð¬ìî¢¶÷¢÷££¢.

èñ¢ðó£ñ£òíñ¢
èñ¢ðó£ñ£òíñ¢, îñ¤ö¢ Þôè¢è¤ò õóô£ø¢ø¤ô¢ å¼ îù¤ð¢ðì¢ì Þìî¢¬îð¢ ð¤®î¢¶, îñ¤ö¢
Þôè¢è¤òî¢¬î«ò õ£ù÷õ¤ø¢° àò£¢î¢î¤ò¶ âù¢Á ªê£ù¢ù£ô¢ Ü¶ ñ¤¬èò£è£¶. èõ¤¬î
õ®õé¢è÷¤ô¢ ÝÀ¬ñð¢ ªðø¢øõó£è Þ¼ï¢î Üõ£¢ õ££¢î¢¬îè÷¤ô¢ ðôõ¤îñ£ù Üø¢¹îé¢è¬÷
ï¤èö¢î¢¶ðõ£¢ âù¢ð¶ Üè¢è£õ¤òî¢î¤ô¢ ðô Þìé¢è÷¤ô¢ ªî÷¤õ£èî¢ ªîó¤»ñ¢, à¼õèºñ¢,
àõñ£ùºñ¢ ï¤¬øï¢î èñ¢ðó£ñ£òíñ¢, ð¤ù¢ù£÷¤ô¢ õ¼ñ¢ èõ¤ë£¢èÀè¢° å¼ °ø¤ð¢¹îõ¤
Ëô£è Ü¬ñï¢î¶. õ£ô¢ñ¦è¤ â¿î¤ò ó£ñ£òíî¢î¤ô 24000 ßó®è÷¢ Þ¼è¢°ñ¢. Ýù£ô¢
èñ¢ðó£ñ£òíî¢î¤ô¢ 11000 êï¢îé¢è÷¢ Þ¼è¢°ñ¢. îñ¤ö£¢è÷¤ù¢ èô£ê¢ê£ó àí£¢î¤øÂè¢«èø¢ð
Üõ£¢, õ£ô¢ñ¦è¤ò¤ù¢ ó£ñ£òíî¢î¤ô¢ ðô Þìé¢è¬÷ ñ£ø¢ø¤ Ü¬ñî¢¶÷¢÷££¢. Üõø¢Á÷¢ ê¤ô
ê¦¬î¬òè¢ èí¢ì Ýë¢ê«ïò£¢ Ü¬î ó£ñù¤ìñ¢ ªîó¤õ¤è¢°ñ¢ «ð£¶ “èí¢ìùù¢ èø¢ð¤Âè¢
èí¤¬ò èí¢è÷£ô¢” âù¢ø Üø¢¹î õ££¢î¢¬îè÷¢ Þù¢ø÷¾ñ¢ îñ¤ö¢ Þôè¢è¤òî¢î¤ô¢ ñøè¢è
ñ®ò£î Ü®è÷£è Þ¼ï¢¶ õ¼è¤ø¶.



Þó£õíù¢ ê¦¬î¬òè¢ èìî¢î¤è¢ ªè£í¢´ «ð£°ñ¢ «ð£¶ “Üõ÷¢ èø¢ð¤ø¢«è Þôè¢èíñ£è
Þ¼ï¢î£÷¢ âù¢ðîø¢è£è Üõ÷¢ Þ¼ï¢î °®¬ê«ò£´ ê¤ø¤î÷¾ ï¤ôî¢îìù¢ ªðò£¢î¢ªî´î¢î
Üõ¬÷è¢ èìî¢î¤è¢ ªè£í¢´ «ð£ù£ù¢ âù¢Áñ¢ Üø¢¹îñ£è õ¤÷è¢è¤ò¤¼ð¢ð££¢.
«ð£ó¤ô¢ ó£ñù¢ ªî£´î¢î å¼ Üñ¢¹, Üõù¶ àìô¢ º¿õ¶ñ¢ ¶¬÷è¬÷ ãø¢ð´î¢î¤ò¶.
Þ¬îè¢ èñ¢ð£¢ “ ó£õíù¢ ê¦¬î ñ¦¶ ªè£í¢ì Üö¤¾ «ï£è¢è¤ò è£îô¢ Üõù¶ àìô¤ô¢
âé¢°÷¢÷¶ âù¢ð¬î Üø¤»ñ¢ êô¢ô¬ìò£è Þ¼ï¢îî Üï¢î Üñ¢¹ “ âù¢Á ò£ó£½ñ¢ Îè¤è¢è
º®ò£î Ü÷õ¤ø¢° Üø¢¹îñ£è õ¤÷è¢è¤ò¤¼ð¢ð££¢.
èõ¤ê¢êè¢èóõ£¢î¢î¤ èñ¢ð£¢ è¤.ð¤. 1250 Ýñ¢ Ýí¢®ô¢ Þòø¢¬è âò¢î¤ù££¢.
Þ¶õ¬ó
õï¢î îñ¤öø¤ë£¢è÷¢ ðì¢®òô¤ô¢ èñ¢ð£¢ ò£¼ñ¢ âì¢ì º®ò£î Þôè¢è¤ô¢ à÷¢÷££¢ âù¢Á
î£ù¢ ªê£ôô¢ô «õí¢´ñ¢. Ýù£ô¢ Þù¢ø÷¾ñ¢ îñ¤ö¢ Üø¤ë£¢è÷¢
ñî¢î¤ò¤ô¢ èñ¢ðù¤ù¢
èõ¤¬îî¢ ªî£°ð¢¹è÷¢ Þ¬íòø¢øî£è«õ à÷¢÷¶ âù¢Á ê¤øð¢ð£è¾ñ¢ ªð¼ñ¤îî¢«î£´ñ¢
ªê£ô¢ôð¢ð´è¤ø¶.
“èñ¢ðù¢ õ¦ì¢´è¢ èì¢´î¢îø¤»ñ¢ èõ¤ð£´ñ¢ “ âù¢ªø£¼ ðöªñ£ö¤«ò à¼õ£°ñ¢ Ü÷õ¤ø¢°,
èñ¢ðó¶ ¹è¿ñ¢, èõ¤î¢î¤ø¬ñ»ñ¢ Ü¬ùõó£½ñ¢ Þù¢ø÷¾ñ¢ «ðêð¢ðì¢´ õ¼è¤ø¶.
èõ¤ê¢êè¢èóõ£¢î¢î¤ èñ¢ð£¢ è¤.ð¤.1250 Ýñ¢ Ýí¢®ô¢ Þòø¢¬è âò¢î¤ù££¢.
Þ¶õ¬ó õï¢î
îñ¤ö¤”ë£¢è÷¢ ðì¢®òô¤ô¢ èñ¢ð£¢ ò£¼ñ¢ âì¢ì º®ò£î Þôè¢è¤ô¢ à÷¢÷££¢ âù¢Á î£ù¢ ªê£ô¢ô
«õí¢´ñ¢. Ýù£ô¢ Þù¢ø÷¾ñ¢ îñ¤ö¢ Üø¤ë£¢è÷¢ ñî¢î¤ò¤ô¢ èñ¢ðù¤ù¢ èõ¤¬îî¢ ªî£°ð¢¹è÷¢
Þ¬íòø¢øî£è«õ à÷¢÷¶ âù¢Á ê¤øð¢ð£è¾ñ¢ ªð¼ñ¤îî¢«î£´ñ¢ ªê£ô¢ôð¢ð´è¤ø¶.
ð£óî¤ò££¢ Üõ£¢è÷¢ èñ¢ð¬óð¢ðø¢ø¤ ÃÁñ¢«ð£¶ èñ¢ð£¢ «ð£ô¢, Þ÷é¢«è£ «ð£ô¢, õ÷¢Àõ£¢
«ð£ô¢ Ìñ¤îù¤ô¢ ò£õ¼«ñ ð¤øï¢îî¤ô¢¬ô. àí¢¬ñ Þ¶ ¹óì¢ê¤ Þô¢¬ô âù¢Á ð£®»÷¢÷££¢.
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2019-2020 BUILDERS FAMILY MEET¢
è¤öè¢° èìø¢è¬ó«ò£óñ¢ °÷¤£¢ «ñèé¢è÷¢ åù¢«ø£´ åù¢Á àóê¤ ªè£í¢´ °÷¤£¢ï¢î
ªîù¢øô¢ õ¦²ñ¢ ñ£¬ô «ïóñ¢ 4.00 ñí¤

¬õðõ¢ è££¢ìù¤ô¢ 21.12.2019 Üù¢Á °ø¤î¢î

«ïóî¢î¤ô¢ ºîô¢ ðî¤õ¤¬ù î¡ ¶¬íM»ìù¢ ðî¤¾ ªêò¢¶ Üóé¢èî¢î¤ø¢° ªð¼¬ñ
«ê£¢î¢î ð¦û¢ñ£ü¤¬ò ºîø¢èí¢ ð£ó£ì¢´õî¤ô¢ ï£ù¢ ªð¼¬ñð¢ð´è¤ù¢«øù¢.
Þòø¢¬è Üö«è£´ Ü÷¢÷¤ ªî÷¤î¢î ïì¢êî¢î¤óé¢è¬÷ð¢ «ð£ô¢ Üöè¤ò °öï¢¬îè÷¤ù¢
Ýó£õ£óñ¢ ñ¤è¢è ªè£í¢ì£ì¢ìñ¢ å¼ðè¢èñ¢ õ¤¼ñ¢ð¤ò õí¢íñ¢ Þ¬êªò£ô¤ Þ¬êî¢î¤´ñ¢
Üï¢î

«õ¬÷ò¤ô¢ Üö«è õ¤òè¢°ñ¢ õí¢íñ¢ Üöè¤ò õí¢íè¢ èô¬õè÷£ô£ù

ªîù¢ùè ñò¢òî¢î¤ù¢ î£»÷¢÷ñ¢ ªè£í¢ì ñè÷¤£¢ ñÁðè¢èñ¢, Þù¤ò «õ¬÷ò¤ô¢
Þõ£¢è«÷£´ °öï¢¬îèÀñ¢ «ê£¢ï¢¶ ê¤ø¢Áí¢® ²¬õî¢¶ æ® õ¤¬÷ò£®ò Üï¢î
ñ£¬ôð¢ ªð£¿î¤ù¤ô¢, Üù¢¬øò Üï¢î¤ð¢ ªð£¿¶ êø¢«ø õ¤ôè¤ ï¤ô£ âì¢®ð¢ð££¢è¢°ñ¢
Üï¢î Þù¤ò Þó¾ «õ¬÷ò¤ô¢ èí¢èÀè¢° õ¤¼ï¢î£è Üöè¤ò ïìù ñ£ï¢î£¢è÷¤ù¢
ï£ì¢®ò ïìùî¢«î£´ Þù¢ù¤¬êò¤ô¢ êø¢«ø ñè¤ö¢ï¢¶ ð¤ù¢ ÜÁ²¬õ õ¤¼ï¢î¤¬ù àí¢´
ðó¤²è¬÷»ñ¢ ªðø¢Áè¢ ªè£í¢´ ñè¤ö¢ï¢î¤¼è¢è è£óíñ£ù âé¢è÷¶ Ü¬öð¢ð¤¬ù ãø¢Á
õ¼¬è îï¢¶ õ¤ö£ ê¤øð¢¹ø è£óíñ£ù ªîù¢ùè ñò¢òî¢î¤ù¢ àÁð¢ð¤ù£¢è÷¢ °´ñ¢ðñ¢¢
Åö ïì¢ð¤ù«ó£´ õï¢î¤¼ï¢î 480 «ð£¢ Üìé¢è¤ò Üóé¢èñ¢ ï¤¬øï¢î¤ì¢ì Ü¬ùî¢¶ ïô¢ô
à÷¢÷é¢èÀè¢°ñ¢, ñò¢òî¢î¤ù¢ ªð¼¬ñ¬ò ï¤¬ôï£ì¢ì «èì¢è£ñ«ô«ò ªè£´î¢¶
àîõ¤ò ªðó¤ò îùõ£ù¢è÷£è¤ò ªîù¢ùè ñò¢òî¢î¤ù¢ Üî¢¶¬í àÁð¢ð¤ù£¢èÀè¢°ñ¢
sponsor à÷¢÷¤ì¢ì Ü¬ùõ¼è¢°ñ¢ õï¢î¤¼ï¢¶ ê¤øð¢ð¤î¢¶ õ¤ö£õ¤ø¢° ªð¼¬ñ «ê£¢î¢î
ð¦û¢ñ£ à÷¢÷¤ì¢ì Íî¢î àÁð¢ð¤ù£¢è÷¢, EC/GC àÁð¢ð¤ù£¢è÷¢, Ü½õôè ï¤£¢õ£è¤è÷¢,
ñò¢òî¢î¬ôõ£¢ ñø¢Áñ¢ âù¢«ù£´ Þ¬íï¢¶ ªêòô¢ðì¢ì î¤¼. A. êî¢î¤òï£ó£òí£,
î¤¼. B. ó«ñû¢, î¤¼. R. ó«ñû¢, ªîù¢ùè ñò¢òî¢î¤ù¢ Ü½õôè Ü½õô£¢è÷¢ à÷¢÷¤ì¢ì
Ü¬ùõ¼è¢°ñ¢ ªîù¢ùè ñò¢òî¢î¤ù¢

Þï¢î¤ °´ñ¢ð õ¤ö£ ê¤øð¢ð£è ªõø¢ø¤ò¬ìò

ñè¤ö¢ê¢ê¤«ò£´ âù¶ ïù¢ø¤¬ò»ñ¢ ð£ó£ì¢¬ì»ñ¢ ªîó¤õ¤î¢¶è¢ ªè£÷¢è¤«øù¢.
K. «è£ð¤ï£î¢
°¿î¢î¬ôõ£¢
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èì¢´ï£¢ °´ñ¢ð õ¤ö£ 21.12.2019 Üù¢Á ECRô¢ à÷¢÷
¬õðõ¢ è££¢ìù¤ô¢ ï¬ìªðø¢ø¶
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èì¢´ï£¢ °´ñ¢ð õ¤ö£ 21.12.2019 Üù¢Á ECRô¢ à÷¢÷
¬õðõ¢ è££¢ìù¤ô¢ ï¬ìªðø¢ø¶
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èì¢´ï£¢ °´ñ¢ð õ¤ö£ 21.12.2019 Üù¢Á ECRô¢ à÷¢÷
¬õðõ¢ è££¢ìù¤ô¢ ï¬ìªðø¢ø¶

èì¢´ï£¢ °´ñ¢ð õ¤ö£ 21.12.2019 Üù¢Á ECRô¢ à÷¢÷
¬õðõ¢ è££¢ìù¤ô¢ ï¬ìªðø¢ø¶

ì£è¢ì£¢. A. ó£ñè¤¼û¢í£ L&T Üõ£¢è÷¤ù¢ ªðòó¤ô¢ Üóé¢èñ¢
Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ£¢ ð¦û¢ñ£ R. Þó£î£è¤¼ì¢®íù¢
Üõ£¢è÷£ô¢ î¤øï¢¶ ¬õè¢èð¢ðì¢ì¶.

ªîù¢ùè ñò¢ò Ü½õôè ¶õè¢è õ¤ö£ Ì¬ü

18.12.2019 Üù¢Á ªêé¢èô¢ðì¢´ ñò¢òî¢î¤ù¢ àðêó¤ð¢ð¤ô¢
ñ£ñô¢ô¹óî¢î¤ô¢ ªêé¢¬è ¹î¤ò ñò¢òñ¢ ¶õé¢èð¢ðì¢ì¶.

ñ£ñô¢ô¹óî¢î¤ô¢ 19.12.2019 Üù¢Á ªêé¢¬è ñò¢òî¢î¤ù¢
àðêó¤ð¢ð¤ô¢ ï¬ìªðø¢ø ï£ù¢è£õ¶ ñ£ï¤ô Ü÷õ¤ô£ù «ñô£í¢¬ñ
ñø¢Áñ¢ ªð£¶è¢°¿ Ãì¢ìñ¢

ªîù¢ùè ñò¢ò

àÁð¢ð¤ù£¢è÷¢ ªêù¢Á õï¢î ¶¼è¢è¤ ²ø¢Áô£
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PARTICLE SIZE DISTRIBUTION
AND

ITS IMPORTANTANCE
IN CONSTRUCTION INDUSTRY
Introduction

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

Building materials used for construction ranges from naturally occurring substances such as rock, clay, sand, water
and wood to synthetic polymers and multiple combinations of both (composites). Particle size affects the strength and
load-bearing properties of rocks and soils, physical and chemical reaction properties. Building materials required
in construction works are concreting, carpentry, roofing, structural reinforcement, painting, insulation, and plumbing.
The particle size and shape of the raw materials used in construction influences strength, stability, flow ability, quality
and performance of the end product, and therefore quality control is achieved through particle characterization. The
particle size of the material is important in construction industry to achieve economy, buildability and durability.
The particle size distribution (PSD) of building materials has different effects on its processing such as: Powder
Flow: a wide distribution or too many fines reduce flowability; Segregation: a wide distribution will lead to size
segregation; Suspension Rheology (Flow Property): fines or irregularly shaped particles increase viscosity. The
relative value of the particle-size distribution of powder, granular material, particles dispersed in fluid, etc are defined
with mathematical function using list of variables such as mass, volume, surface area and size of particles. Particle
size distribution is one of the most important characteristics and it is a powerful tool for describing the highest surface
area to volume ratio of any particle size class. Characterizing the physical properties are important in determining its
suitability for various applications. The physical properties of the particles are described by grain size, shape such
as round and spherical and surface area, which are important in determining its suitability for various purposes in
construction.
Controlling of PSD properties are not only important in cement or construction Industry, but also considered in
many industries during manufacture of products such as pharmaceutical(medicine), food(coffee), agriculture(soil),
Electronics(printer toner), cosmetics(lipstick), coating(paint), mining(coal) and mineral(lime stone) industries. Particle
size influences stability of dispersions such as suspensions, flow properties of powders and emulsions, depends on
the size of the dispersed materials. The particle size distribution are used in manufacturing to determine the properties
such as: rate of reactions, potential to dissolve, rheology, film gloss, surface area, packing density, sedimentation,
effectiveness of respiratory system’s efficiency to filter out particles above a certain size, product appearance,
texture and flavors of the product. The forces between colloidal particles depend on their dimensions and the settling
time. The flow properties of powders are strongly dependent on particle size and, in particular, particle shape. Since
most powders are moved from one place to another by flowing, control of flow behavior is highly important. Generally,
coarse, roughly spherical particles flow much more easily than small or elongated particles. Particle size influences
dissolution small particles dissolve more rapidly than large ones, which is important in determining the behavior of
the drug in various manufacturing processes. Additionally, to prevent the aggregation of fine particles into much
larger, undesirable units, steps must be taken to prevent particles from sticking together (aggregating) due to interparticle collisions in the liquid medium. This can be accomplished by creating an interparticle electrical and/or steric
energy (the energy due to the geometry of a molecule) barrier. For very fine particles, a combination of both electrical
and steric barriers may be necessary to prevent aggregation.
The effect of oversized particles are due to: Poor quality of the final product (grains sticking out of the
plaster, rough surfaces of tiles, non homogeneous materials may break); Changes in the “look and feel” of the final
product; Changes in the flow behavior and other process parameters of the final product; Blockage of production
sieves; Removal of material from the production process, and recycling. These oversized particles are attracted
in the production process due to holes in a production sieve, incorrect settings or wear in a crusher or mill, or the
occurrence of impurities/contamination.
The effect of undersized particles are: Change of the “look and feel” of the final product; Dust (pollution)
in the work place; Filter blockage; Changes in the flow behaviour and other process parameters of the final product.
Under size particle size and shape also causes an impact on the compaction of suspensions, and hence the
compression rate and final strength of a building material.

Fineness Modulus of Coarse Aggregates.

Fineness modulus of coarse aggregates represents the average size of the particles in the coarse aggregate
by an index number. It is calculated by performing sieve analysis with standard sieves. The cumulative percentage
retained on each sieve is added and subtracted by 100 gives the value of fine aggregate. Higher the aggregate size,
higher the fineness modulus. Hence fineness modulus of coarse aggregate is higher than fine aggregate. Coarse
aggregate means the aggregate which are retained on 4.75mm sieve, when it is sieved through 4.75mm. To find
fineness modulus of coarse aggregate, it is required to sieve in sizes of 80mm, 40mm, 20mm, 10mm, 4.75mm,
2.36mm, 1.18mm, 0.6mm, 0.3mm and 0.15mm. Fineness modulus is the number at which the average size of
particle is known when it is counted from lower order sieve size to higher order sieve. So, in the calculation of coarse
aggregate, all sizes of sieves are required. Therefore, fineness modulus of coarse aggregates = sum (cumulative
% retained) / 100 = (717/100) = 7.17. Fineness modulus of 7.17 means, the average size of particle of given coarse
aggregate sample is in between 7th and 8th sieves, that is between 10mm to 20mm.
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Limits of Fineness Modulus. Fineness modulus of coarse aggregate varies from 5.5 to 8.0, and for all in
aggregates or combined aggregates, fineness modulus varies from 3.5 to 6.5. Acceptable range of fineness modulus
for good quality aggregate of different maximum sized aggregates is given below.
Maximum size of coarse aggregate

Fineness modulus range

20mm

6.0 – 6.9

40mm

6.9 – 7.5

75mm

7.5 – 8.0

150mm

8.0 – 8.5

Fineness Modulus of Sand. Fineness modulus of sand (fine aggregate) is an index number which represents

the mean size of the particles in sand. It is calculated by performing sieve analysis with standard sieves. The
cumulative percentage retained on each sieve is added and subtracted by 100 gives the value of fineness modulus.
Fine aggregate means the aggregate which passes through 4.75mm sieve. To find the fineness modulus of fine
aggregate, it is required to sieve in sizes of 4.75mm, 2.36mm, 1.18mm, 0.6mm, 0.3mm and 0.15mm. Fineness
modulus of finer aggregate is lower than fineness modulus of coarse aggregate. Fineness modulus of fine aggregate
is 2.75. It means the average value of aggregate is in between the 2nd sieve and 3rd sieve. It means the average
aggregate size is in between 0.3mm to 0.6mm as shown in below figure.

Values of Fineness Modulus of Sand. Fineness modulus of fine aggregate varies from 2.0 to 3.5mm. Fine

aggregate having fineness modulus more than 3.2 should not considered as fine aggregate. Acceptable range of
fineness modulus for good quality of sands are detailed below.
Type of sand

Fineness modulus range

Fine sand

2.2 – 2.6

Medium sand

2.6 – 2.9

Coarse sand

2.9 – 3.2

PSD of P Sand (Plaster Sand). Plastering M Sand (P Sand) is used for wall plastering and brick work

purposes. The granule thickness is 0.15mm to 2.38mm is ideal for block masonry and plastering purposes. Plastering
M Sand to be mixed with the cement in ratio 1:4(Internal) and 1:6(External) works.
Fineness modulus limits for various zones of sand according to IS 383-2016 are tabulated below.
Sieve size

Zone-1

Zone-2

Zone-3

Zone-4

Fineness modulus

4.0-2.71

3.37-2.1

2.78-1.71

2.25-1.35

Significance of Particle Size Distribution in Cement Industry.

Particle size is an important property and is used to characterize a powder cement in bulk. It affects the cement
properties such as surface area; packing density; strength of the compacts; tensile strength and flow properties.
Fineness of cement affects hydration rate and the rate of strength gain. The smaller the particle size, the greater
the surface area-to-volume ratio, and thus, the more area available for water-cement interaction per unit volume.
Therefore, finer cement reacts faster with water and the rate of development of strength and corresponding heat
of hydration is high. Fineness is a measure of how even each granules are, leading to a greater surface area and
greater the surface area more the adhesion. Bleeding can be reduced by increasing fineness. However, increased
fineness can also lead to the requirement of more water for workability, resulting in a higher possibility of drying
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shrinkage. Fineness test is required to check the proper grinding of cement and measures the surface area of the
cement particles per unit mass. Fineness of cement affects the compressive strength of cement. The size of the
particle affects the property of powders in many ways. It effects the setting time of cement, the hiding powder of
pigments, the activity of chemical catalysts, the taste of food, and the potency of drug and sintering shrinkage of
powders. Thus for quality control of the final product, it is very much essential to maintain particle size distribution of
the powder.
The particle size distribution of Portland cement. Most of the cement particle sizes are about 45µm, about
10 wt% of the cement is made of particles larger than 50µm, and only a few wt% is particles larger than 90µm.
On the fine end, less than 10% of the cement particles are smaller than 2µm. Fineness of cement is a property of
cement that indicates particle size of cement and specific surface area and indirectly effect heat of hydration. Such a
distribution is traditionally measured by a sedimentation process, in which the size of the particles is determined from
the rate at which they sink in a column of liquid.
The fineness of cement is a measure of the size of particles of cement and is expressed in terms of specific
surface area of cement. Fineness can be calculated from particle size analysis (sieve analysis) or by using air
permeability method or by using sedimentation method. Sieve analysis measures the cement particle size where as
air permeability method and sedimentation method measures specific surface area. Since cement particles are very
fine (smaller than 90 micron), hence sieve analysis is not suitable for cement. Due to this disadvantage, fineness of
cement is always measured by air permeability method and expressed in terms of specific surface area.
For a given weight of cement, the surface area is more for finer cement than for a coarse cement, because
specific surface area is inversely proportional to the size of particle. From the above relation, if the cement is finer
it’s specific surface area is large. Finer the cement, higher will be its surface area, more surface area is available for
chemical reaction with water that increases the rate of hydration and it results in the early development of strength,
but ultimate strength is not affected. Fineness should not exceed the following percentage by weight for different
types of cement. Ordinary Portland cement =10%, Rapid hardening cement = 5% and Low heat cement = 5%.
Effect of PSD in Reaction of Cement with Water. The size of a cement particle has an important effect on the
rate at which it will hydrate when exposed to water. As it reacts, a layer of hydration product forms around the outside
of the particle, separating the un-reacted core of the particle from the surrounding water. As this layer grows thicker,
the rate of hydration slows down. Therefore, a small particle will react much more quickly than a large particle. A
particle that has a diameter of 1 µm will react completely in about 1 day, whereas a particle with a diameter of 10
µm will react completely in about 1 month. Particles larger than about 50 µm will probably never become fully
reacted, even if there is a sufficient source of water. Clearly understand that the particle size distribution is critical for
controlling the rate at which a cement sets and gains strength. There must be a certain amount of small particles to
ensure that the cement sets in a reasonable amount of time, but if there are too many small particles the cement will
set too quickly, leaving no time for mixing and placing. Fortunately, the grinding process has a natural tendency to
produce a wide range of particle sizes in the cement.
Effect of PSD in Gaining Cement Strength. The increment of cement strength is especially influenced up to
seven days because of the increase in particle fineness. The increase in particle fineness does not have an influence
on initial set time, however, it considerably decreases final setting time of OPC. Differences in cement particle size,
expressed as fineness or surface area, will affect strength development. Grinding the cement more finely will result
in a more increment in strength. Fineness is often expressed in terms of total particle surface area(eg 400 m2/ kg).
Fineness has a greater effect on 2 days strength, and in lateral curing, strength is affected more by the amount of
coarse particles rather than fines.
Effect of PSD in Setting Time of Cement. It had been found that the coarser cements require more time to
achieve setting, although they achieve setting at a lower degree of hydration. Their strength development course
cement will also lag significantly in comparison to finer cements. Coarser cements require more hydration for the
capillary porosity inferring a possibly enhanced curability. Coarser cements will require more attention to be paid
during curing, to achieve their full potential. If adequate curing doesn’t happens then finer cements are preferable
due to increased early hydration rate, which minimizes water consumption. Coarser particles will require more time
for setting, where as finer particles will require less time, and the heat release by coarser particles is lesser in
comparison to finer particles, the diffusion coefficient for coarser particles is higher than finer particles. Fineness is
very important for strength development, smaller surface area and narrow size distribution yields very good strength.
Setting time decreases with increase in fineness of cement. As per Indian standard the residue of cement should
not exceed 10% when sieved on a 90 micron IS sieve. In addition, the amount of water required for constant slump
concrete decreases with increases in the fineness of cement.
PSD of Fly Ash in Cement. Based on the particle size distribution several equations have been developed for
estimate the strength of cement. When fly ash is classified between 19.1 and 6.4 micro meter fractions and blended
with ordinary cement, which yielded higher compressive strength in comparison to original fly ash. Fly ash fineness
less than 10 micron is a crucial parameter in strength development of cement. The compressive strength of cement
enhances when cured at higher temperatures. Calcium content and fly ash particle distribution is the most important
parameter in compressive strength of cement. The compressive strength of PPC cement increases when fly ash
fraction increases. Replacement of ultra fine fly ash of 8% has been found to be yielding higher compressive strength.
PSD of GGBS in Cement. GGBS can be added along with the portland cement, water and aggregates. GGBS
can be replaced from 30 to 85 % of the cement weight and normally 40 to 50% is replace. GGBS in concrete increases
the strength and durability of the concrete structure. It reduces voids in concrete hence reducing permeability and
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improves workability It possesses good pumpable and compaction characteristics and increase sulphate attack
resistance. The heat of hydration is less compared to conventional mix hydration and makes the concrete more
chemically stable. Physical properties of GGBS are: Particle size ranging from 0.1 to 40 microns, Specific surface
area ranging from 400-600 sqm/Kg, Relative density (specific gravity) is 2.05 to 2.95, Bulk density (dry weight of
GGBS per unit volume) in Loose state is 1.0 to 1.1 Tons/Cum and vibrated state is 1.2 to 1.3 Tons/cum, pH (T=200C
in water) is 9 to 11 and Specific surface (m2/kg) is 425 to 470.
Size of a Water Molecule. Water is an incredible small molecule when compared other molecules. An
approximate diameter of water molecule is 2.75angstroms or 0.275nm (1 angstrom= 10−10 m = 0.1
nanometer= 100 picometers). The presence of this dipole moment in all water molecules causes its
polar nature. Water is much smaller than almost all other molecules. As a result, both liquid andsolid
water (ice) have high densities of molecules. The diameter of a water molecule (H2O) is closely
calculated to be about 0.282nm. Even though hydrogen-bond distances are maintained at 0.29nm
in free water, the average distance between the water molecules is 0.31nm. Hence, Water can easily
get reacted and filled between cement or fly ash particles and goes out during hydration process due to raise of
temperature.

Measurement of Particle Size Distribution.

There are wide range of instruments and methods are available for particle size analysis for very small size to large
size particles. Some of the more common methods for size measurements are: 1. Sieve Analysis. 2. Sedimentation
Techniques. 3. Air Elutriation Analysis. 4.Microscopic Sizing and Image Analysis. 5. Electrical Impedance Method. 6.
Laser Diffraction Methods. 7. Photo analysis 8. Optical counting methods. 9. Electro resistance counting methods.

Soil Classification for Foundation Based on Particle / Grain Size.

Engineers are primarily interested soil’s mechanical properties such as strength, stiffness and permeability. These
are dependent on the nature of the soil grains, the current stress, the water content and unit weight. The range of
particle sizes encountered in soils is very large: from boulders with dimension of over 300 mm, down to clay particles
that are less than 0.002 mm. Some clay contain particles less than 0.001 mm in size which behave as colloids, i.e.
do not settle in water. In the Indian Standard Soil Classification System, soils are classified into groups according to
the size, and the groups are further divided into coarse, medium and fine sub-groups. The grain-size range is used
as the basis for grouping soil particles into boulder, cobble, gravel, sand, silt or clay.

		

Grading of soils

Grain size distribution curve.

In this curve, x axis - Particle size (dia) in mm in log scale; y axis - Percentage finer; From this curve, we can find
the D60, D30 and D10 of a particular soil. D60 is 60 % of the soil particles are finer than this size; D30 is 30% of the
particles are finer than this size; D10 is 10% of the particles are finer than this size. For example, if you have 100
particles of diameter ranging from 1 mm to 100 mm, D60 is 61 mm (below which 60% of particles are there).

Very coarse soils
Coarse soils

Boulder size
Cobble size
Gravel size (G)
Sand size (S)
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Coarse
Fine
Coarse
Medium
Fine

> 300 mm
80 - 300 mm
20 - 80 mm
4.75 - 20 mm
2 - 4.75 mm
0.425 - 2 mm
0.075 - 0.425 mm

Cu - Uniformity coefficient; Cu = D60/D10.
Cc - Coefficient of curvature; Cc = (D30)2/(D60)(D10).
Cu is always greater than 1 (equal to 1 is possible only by theoretical). If Cu is closer to 1 ( ie. D60 and D10
sizes are close to each other, which means there are more no. of particles are in the same size range), the soil
is considered as uniformly graded. If Cu is away from 1, the soil is well graded (ie. it has a variety of size range
distributed well, good for foundation use). For gravel, if Cu>4, it is well graded. For sand, if Cu>6, it is well graded.
Cc is also greater than 1 (equal to 1 is possible only by theoretical). For a well graded soil, Cc ranges between 1 to 3.
Therefore, Cu and Cc gives us an idea about particle size distribution of a soil for effective use in various engineering
requirements. These values are very useful for compaction, bearing strength & shear strength and stability of slope
for engineering purposes.

Conclusion

Particle size and particle size distribution of engineering materials are very important in the construction industry.
Strength, density, workability, fineness modulus, heat of hydration, flowability and segregation are important aspect
for cement, fly ash, GGBS, sand, aggregates and water, which are combined to form concrete. Solid particle size
and particle size distribution of sand and clay are important for determining the soil properties for adopting suitable
foundations for the super structures. Let’s all learn the importance of particles distribution for its valuable applications
in the Construction Industry.
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SOUTHERN CENTRE ACTIVITIES
12.12.2019 69th Product Assessment Committee Meeting
«êð¢ð£è¢èñ¢ ªð£¶ð¢ðí¤î¢¶¬ø õ÷£èî¢î¤ô¢
12.12.2019 Üù¢ø Product Assessment committee Ãì¢ìñ¢
ï¬ìªðø¢ø¶. Þî¤ô¢ 40 ï¤Áõùé¢è÷¢ èôï¢¶ ªè£í¢ìù. Þè¢Ãì¢ìî¢î¤ô¢ ñò¢òî¢î¤ù¢ ê££¢ð£è ñ£ï¤ôê¢
ªêòô£÷£¢ î¤¼ R.. ê¤õè¢°ñ££¢ Üõ£¢è÷¢ èôï¢¶ ªè£í¢´ îù¢ è¼î¢î¤¬ù ðî¤¾ ªêò¢î££¢.
16.12.2019 ªîù¢ùè ñò¢ò èì¢®ìñ¢ î¤øð¢¹ õ¤ö£
Üñ¢ðî¢Éó¤ô¢ Ü¬ñï¢¶÷¢÷ Üøè¢èì¢ì¬÷ èì¢®ìî¢î¤ô¢ ªîù¢ùè ñì¢òò Ü½õôè î¤øð¢¹ õ¤ö£ 16.12.209 Üù¢Á
è£¬ô 9.30 ñí¤ Ü÷õ¤ô¢ ï¬ìªðø¢ø¶. Þî¤ô¢ Üñó£¢ ì£è¢ì£¢. A. ó£ñè¤¼û¢í£, L&T Üõ£¢è÷¤ù¢ ªðòó¤ô¢
Üóé¢èñ¢ Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ£¢ ð¦û¢ñ£ R.Þó£î£è¤¼ì¢®íù¢ Üõ£¢è÷£ô¢ î¤øï¢¶ ¬õè¢èð¢ðì¢ì¶.
î¤øð¢¹ õ¤ö£õ¤ô¢ 50è¢°ñ¢ «ñø¢ðì¢ì àÁð¢ð¤ù£¢è÷¢ èôï¢¶ ªè£í¢´ ê¤øð¢ð¤î¢îù£¢. Ü¬ùõóè¢°ñ¢ ê¤ø¢Áí¢®
õöé¢èð¢ðì¢ì¶.
18.12.2019 ªêé¢¬è ñò¢ò î¤øð¢¹ õ¤ö£
ªêé¢èô¢ðì¢´ ñò¢òî¢î¤ù¢ àðêó¤ð¢ð¤ô¢ ñ£ñô¢ô¹óî¢î¤ô¢ ªêé¢¬è ¹î¤ò ñò¢òñ¢ ¶õé¢èð¢ðì¢ì¶. Þî¤ô¢ ñò¢òî¢î¤ù¢
ê££¢ð¤ô¢ ïñ¶ àÁð¢ð¤ù£¢è÷¢ èôï¢¶ ªè£í¢´ ê¤øð¢ð¤î¢îù£¢.
19.12.2019 ï£ù¢è£õ¶ ñ£ï¤ô Ü÷õ¤ô£ù Ãì¢ìñ¢
ªêé¢¬è ñò¢òî¢î¤ù¢ àðêó¤ð¢ð¤ô¢ ñ£ñô¢ô¹óî¢î¤ô¢ 19.12.2019 Üù¢Á ï£ù¢è£õ¶ ñ£ï¤ô Ü÷ô¤ô£ù Ãì¢ìñ¢
ï¬ìªðø¢ø¶.
Þî¤ô¢ ªîù¢ùè ñò¢òî¢î¤ô¤¼ï¢¶ 40è¢°ñ¢ «ñø¢ðì¢ì àÁð¢ð¤ù£¢è÷¢ èôï¢¶ ªè£í¢´
ê¤øð¢ð¤î¢îù£¢.
21.12.2019 èì¢´ï£¢ °´ñ¢ð õ¤ö£
èì¢´ï£¢ °´ñ¢ð õ¤ö£ ñ¤è ê¤øð¢ð£è ECR –ô¢ Ü¬ñï¢¶÷¢÷ ¬õðõ¢ è££¢ìù¤ô¢ 21.12.2019 Üù¢Á ñ£¬ô
4 ñí¤ Ü÷õ¤ô¢ ¶õè¢èð¢ðì¢´ è¬ô ï¤èö¢ê¢ê¤è÷¢, õ¤¬÷ò£ì¢´è÷¢, ê¤ø¢Áí¢® ñø¢Áñ¢ Þó¾ õ¤¼ï¢¶
Ü÷¤è¢èð¢ðì¢´ Ü¬ùî¢¶ °´ñ¢ðé¢èÀè¢°ñ¢ ðó¤² ªð£¼÷¢ Ü÷¤è¢èð¢ðì¢ì¶. Þî¤ô¢ 400 àÁð¢ð¤ù£¢è÷¢
îé¢è÷¢ °´ñ¢ðé¢è÷ìù¢ èôï¢¶ ªè£í¢´ ê¤øð¢ð¤î¢îù£¢.
23.12.2019 î¤¼. ðõù¢ °ñ££¢, Þòè¢°ï£¢ (ºîô¦´) ï¤î¤ Ü¬ñê¢êèñ¢, Govt. of India Üõ£¢è¬÷ æì¢ìô¢ Rain
Tree –ô¢ ñò¢òî¢î¬ôõ£¢ î¤¼. S. Þó£ñð¢ð¤ó¹, àìù® ºù¢ù£÷¢ ñò¢òî¢î¬ôõ£¢ î¤¼. L. ªõé¢è«ìêù¢,
è£ð¢ð£÷£¢ î¤¼. O.K. ªêô¢õó£ü¢ ñø¢Áñ¢ ºù¢ù£÷¢ è£ð¢ð£÷£¢ î¤¼. K. Þó£ñ£Âüñ¢ Ýè¤«ò££¢ êï¢î¤î¢¶ Real
Estate –ô¢ à÷¢÷ ð¤óê¢êù¬èÀè¢è£ù «è£ó¤è¢¬è ñÂ Ü÷¤î¢îù£¢.

16.12.2019 Üù¢Á 9õ¶ ªêò¢ø°¿ ñø¢Áñ¢ ªð£¶è¢°¿ Ãì¢ìñ¢ è£ú¢«ñ£ ð£ô¤ìù¢ A÷ð¤ô¢ Üù¢Á
àò£¢î¤¼. K. Üí¢í£ñ¬ô àò£¢î¤¼. D. Üù¢ðöèù¢, àò£¢î¤¼. K. «è£ì¢¯ú¢õó ê¾î¢î¤ó¤
àò£¢î¤¼. A. êî¢î¤ò ï£ó£òí£, àò£¢î¤¼. M.A. «ü²ó£üó£üù¢ Ýè¤«ò£ó¤ù¢ àðêó¤ð¢ð¤ô¢ ï¬ìªðø¢ø¶.
Üù¢Á ªîù¢ùè ñò¢òî¢î¤ù¢ 2020ñ¢ Ýí¢®ø¢è£ù ï£÷¢ °ø¤ð¢¹ ð¦û¢ñ£ î¤¼. R. Þó£î£è¤¼ì¢®íù¢ Üõ£¢è÷£ô¢
ªõ÷¤ò¤ìð¢ðì¢ì¶.
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NEW PATRON MEMBERS

N. Sooraj Chalani
No.16, Masilamani Street
T.Nagar
Chennai – 600 017
Mob: 9841821861

Mr. K.Gnanasekar
M/s. Valli Metal
No.21, Moorthy Nagar
Opp. Navins Flats
Kundrathur Main Road
Gerugambakkam, Porur
Chennai – 601 122
Mob: 9710774457 / 9941411423

Mr. P. Rajkumar
M/s. Adithya Planner & Engineer
No.12&13, Raju Street
Sam Tower
Near Kilpauk Water Tank
Ayanavaram
Chennai-600 023
Mob:9840276805

Mr. K. Suresh Kumar
Plot No.9, RKR Nagar
2nd Street
Poompuhar Nagar
Ist Main Road
Kolathur
Chennai – 600 099
Mob: 9841088565

Mr. B.C. Sekhar
Flat No.2C. 7th Block
Kences Enclave
D.No.Ramakrishna Street
T.Nagar, Chennai-600 017
Mob: 9840085898

S. Ravi Shankar
No. 27/11, Galilei Square
Lakshmi Street
Kilpauk
Chennai-600 010
Mob: 9840043338

23.12.2019 î¤¼. ðõù¢ °ñ££¢, Þòè¢°ï£¢ (ºîô¦´) ï¤î¤ Ü¬ñê¢êèñ¢, Govt. of India
Üõ£¢è¬÷ æì¢ìô¢ Rain Tree –ô¢ êï¢î¤î¢¶ Real Estateô¢ à÷¢÷ ð¤óê¢êù¬èÀè¢è£ù
«è£ó¤è¢¬è ñÂ

42 | Southern Builder

FASHION INTERIOR
fashioninterior.nanda@gmail.com
www.fashion-interior.com

C.Nanda Kumar MD
+91 98411 84795
w Modular Kitchen
w Wardrobes
w UPVC Windows & Cupboards
w PVC Doors & Cupboards
w Aluminium & ACP Works
w False Ceiling & Work Stations
w Patch Fiting Works

Manufacture of
UPVC Window &
Modular Kitchen

H.O. :

# 5-A Vivekananda Nagar Extension, 200 Feet Road,
Kolathur, Chennai - 600 099.
B.O. 1 : # 47, P.H Road, Nerkundram, Chennai - 600 107.
B.O. 2 : # 901/4 Anna Street, Medavakkam Koot Road Junction,
Medavakkam, Chennai - 600 100.
Factory: Plot # 37, Mumtaj Nagar, Vadaperumbakkam,
Madhavaram, Chennai - 600 060.

We build your Dreams Civil Engineers & Contractors

Pioneers in Construction Specialised in Multi-Stories Buildings

K.SUBBURAMAN (Managing Partner)
Registered Office:

No.20/1, Indira Colony 3rd Street, Ashok Nagar, Chennai - 600 083.
Ph: 044-4231 8432 / 72999 78312 / 18
Email: goodwillbuilderschennai@gmail.com | Web: goodwillbuilderschennai.in

Crawler Excavators
SCHWING -XCMG Crawler Excavators - Powerful, Reliable and Efficient.

XE80 C

XE215 C

XE140 I

MUMBAI 022 25624863 / 64, 30718300 / 33555588 I NEW DELHI 011 3092 8500 / 33555588 HYDERABAD 040 6615 1783 / 33555588
BENGALURU 080 4243 8400 / 33555588 | KOLKATA 033 4082 3300 / 4082 3303 I COCHIN 0484 4055984 / 3355558
AHMEDABAD 079 40244200 / 33555588 I PUNE 020 26055651 / 2 / 33555588 MOHALI 0172 3957500 / 3957503
BHUBANESHWAR 09437481391 I JAMSHEDPUR 9709001441 GUWAHATI 0361 2234738 I RAIPUR 0771 2562325 I JAIPUR 8875007183
LUCKNOW 8860584477 I GOA 9820203847 I Coimbatore 0422 4506165

