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Ýê¤ó¤ò˜ ñì™
Üù¢¹¬ìò¦˜ õíè¢è‹,
Þï¢î àôèî¢î¤ô¢ âô¢ô£ ð¬ìð¢¹èÀñ¢ ðë¢êÌîé¢è¬÷ Ü®ð¢ð¬ìò£èè¢
ªè£í¢ì¶. ï¤ôñ¢, ï¦£¢, ªï¼ð¢¹, è£ø¢Á, Ýè£òñ¢ âù¢Âñ¢ äñ¢Ìîé¢è÷¤ù¢
àîõ¤«ò£´ Þòé¢èð¢ð´õ¶î£ù¢ àôèñ¢. Üî¬ù Üø¤ò£¶ ñù¤îù¢ õë¢êèñ¢
ªè£í¢´ õ£ö¢è¢¬èò¤ô¢ äñ¢Ìîé¢è¬÷»ñ¢ Üö¤î¢¶ õ£ö ºòô¢õ¬îè¢ èí¢´
äñ¢Ìîé¢èÀñ¢ ê¤ó¤î¢¶è¢ ªè£÷¢è¤ù¢øù. åõ¢ªõ£¼ ñù¤îÂè¢°ñ¢ ð£óðì¢êñ¢
ð££¢è¢è£ñô¢ Þòø¢¬è Üù¢¬ùò£ô¢ õöé¢èð¢ðì¢ì ªè£¬ìî£ù¢ Þòø¢¬è
õ÷é¢èª÷ù¢ø£ô¢ Ü¶ ñ¤¬èò£è£¶. Üð¢ð® õóñ£èð¢ ªðø¢ø õ÷é¢è¬÷ ñî¤î¢¶, è£î¢¶
Üîù¢ Üö¬è óê¤î¢¶ Ü´î¢î êï¢îî¤ò¤ù¼è¢° ð£¶è£ð¢«ð£´ ªè£í¢´ «ê£¢ð¢ð¶ åõ¢ªõ£¼
ñù¤îù¤ù¢ ïù¢ø¤ ñøõ£î èì¬ñò£°ñ¢.
Ýî¤ è£ôî¢î¤ô¢ ñù¤î£¢è÷¢ ðë¢êÌîé¢è¬÷»ñ¢ õíé¢è¤ õö¤ðì¢´ õ£ö¢ï¢¶ õï¢î££¢è÷¢.
Ýù£ô¢ Þù¢¬øò è£ôè¢èì¢ìî¢î¤ô¢ ñù¤îù¢ ðë¢êÌîé¢è«÷£´ «ð£ó¤ì¢´è¢ ªè£í¢®¼è¢è¤ø£ù¢.
Üîø¢° Þòø¢¬èò£ù¶ ªè£´è¢°ñ¢ îí¢ì¬ùî£ù¢ õøì¢ê¤, Ìñ¤ Üî¤£¢¾, è£ì¢´î¢î¦,
âó¤ñ¬ô, ðù¤ ñ¬ô à¼è¤ ªõ÷¢÷ñ¢, èìô¢ñì¢ì àò£¢¾ âù¢Á ðô¢«õÁ ¶ò£¢è¬÷ ñè¢è÷¢
âî¤£¢ªè£÷¢Àñ¢ «ðó£ðî¢¶ ï¤èö¢ï¢¶ õ¼è¤ø¶. Þù¢¬øò Åöô¤ô¢ Þòø¢¬è Üù¢¬ùò¤ù¢
«è£ðî¢î¤ø¢°ñ¢, ê¦ø¢øî¢î¤ø¢°ñ¢ ð£óðì¢êñ¤ù¢ø¤ àôèñ¢ Þ¬óò£è¤è¢ ªè£í¢®¼è¢è¤ù¢ø¶
âù¢ð¶ å¼ èêð¢ð£ù àí¢¬ñ. ²îï¢î¤ó è£ø¢¬ø ²õ£ê¤è¢è º®ò£ñô¢ ê¤ó¤î¢î ºèî¢¬î
è£í º®ò£ñô¢ ºèè¢èõêñ¢ Üí¤ï¢¶ õ£¿ñ¢ è£ôñ£è Þ¼ï¢¶ ªè£í¢®¼è¢è¤ø¶.
àô¬è«ò à½è¢è¤ò¶ ñì¢´ñô¢ô£¶ Þù¢Á à¼ñ£ø¤ àÁñ¤è¢ªè£í¢®¼è¢°ñ¢ «è£õ¤ì¢ 19
âù¢Âñ¢ ªè£®ò ¬õóú¢ î£è¢°îô¤ô¤¼ï¢¶ ñè¢è¬÷ ñ¦ì¢ªì´è¢è Ýò¢õ£÷£¢è÷¢, ñ¼î¢¶õ
õ¤ë¢ë£ù¤è÷¢
Ü¼ñ¢ð£´ðì¢´ õ¼è¤ø££¢è÷¢.
Þï¢î Åö¢ï¤¬ôò¤ô¢î£ù¢ Þù¢Á àôè¤ô¢
ðô¢«õÁ ï£´è÷¤ô¢ ï¤è¿ñ¢ Þòø¢¬è «ðó¤ì£¢ ªêò¢î¤è÷£ô¢ ñù¤î °ôî¢î¤ù¢ âî¤£¢è£ôñ¢
«è÷¢õ¤è¢°ø¤ò£è¤»÷¢÷¶.
ð¼õï¤¬ô ñ£ø¢øî¢î¤ø¢è£ù ðù¢ù£ì¢´ Üó²è¢°¿ IPCC îù¶ Ýø£õ¶ ñî¤ð¢ð¦ì¢´
Üø¤è¢¬è¬ò ªõ÷¤ò¤ì¢´÷¢÷¶. Üî¤ô¢ ªõð¢ð êôùñ¢, õ÷¤ñí¢ìô «ñô´è¢° ²öø¢ê¤,
è£ø¢ø¤ù¢ ñ£² Ýè¤òõø¢ø¤ø¢è£ù ê¤õð¢¹ âê¢êó¤è¢¬è (Red Alert)Üø¤õ¤ð¢¹ õ¤´î¢¶÷¢÷¶. è£ø¢Á
ñ£² Ü¬ìõî¤ù£ô¢ ñù¤îù¢ õ£ö¢ ï£÷¢ Ýí¢´ èíè¢è¤ô¢ °¬øï¢¶ õ¼õî£è Ýò¢¾è÷¢
ÃÁè¤ù¢øù. Ýè«õ Þî¬ù ê¤ï¢î¤î¢¶ ªêòô¢ðì¢´ è£ì¢ìö¤ð¢¹, è£ì¢´ò¤£¢ Üö¤ð¢¹, è£ø¢Á, ï¦£¢
ï¤¬ô ñ£²ð´î¢¶îô¢ âù Þòø¢¬èè¢° âî¤£¢ñ¬øò£ù ªêòô¢ð£´è¬÷ ºø¢ø¤½ñ£è îõ¤£¢î¢¶
õ¤ö¤ð¢¹í£¢¾ìù¢ Åó¤ò å÷¤ (Solar Power) è£ø¢ø£¬ô ñ¤ù¢ê£óñ¢ (Wind Power) ðòù¢ð´î¢¶îô¢,
ñóñ¢ õ÷£¢î¢îô¢, ï¦£¢ ï¤¬ô ð£¶è£ð¢¹ âù¢ðùõø¢¬ø è¬ìð¤®î¢¶ ²ø¢ÁÅöô¢ ð£¶è£ð¢¹
Üø¤õ¤òô¢ Ýò¢õ£÷£¢è÷¢ õ¤ë¢ë£ù¤è÷¢ ÃÁñ¢ Üø¤¾¬óè÷¢, âê¢êó¤è¢¬èè¬÷ ñùî¤ô¢
ãø¢Á Þòø¢¬è«ò£´ åù¢ø¤ õ£ö¢ï¢¶ ïñ¢¬ñ»ñ¢ ð£¶è£î¢¶ ªè£÷¢õ«î£´ Üô¢ô£ñô¢ ïñ¢
õ£ö¢è¢¬è º¬øò¤ù£ô¢ õ¼é¢è£ô êï¢îî¤ò¤ùó¤ù¢ ïô¢õ£ö¢õ¤ø¢° õö¤è£ì¢®´ñ¢ î¼íñ¢
Þ¶«õ Ý°ñ¢.

âù¢Áñ¢ Üù¢¹ìù¢
S. Üò¢òï£îù¢
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Üù¢ð££¢ï¢î ïí¢ð£¢è«÷ õíè¢èñ¢,

ñŒòˆî¬ôõ˜ ñì™

02.09.2021
Üù¢Á
èì¢´ï£¢
êºî£òî¢î¤ù¢
«è£ó¤è¢¬èè÷¤ô¢
ªð¼ñ¢ð£ô£ùõø¢¬ø ï¤¬ø«õø¢ø¤ âë¢ê¤òõø¢¬ø Ýò¢¾ ªêò¢¶ õ¤¬óõ¤ô¢
ïô¢ô º®¾è¬÷ Üø¤õ¤ð¢ðî£è õ£è¢è÷¤î¢î ñ£í¢¹ñ¤° îñ¤öè ºîô¢õ£¢
î¤¼. º.è. ú¢ì£ô¤ù¢ Üõ£¢èÀè¢°ñ¢ Ü¬ñê¢ê£¢ ªð¼ñè¢èÀè¢°ñ¢ ïù¢ø¤
ªîó¤õ¤è¢°ñ¢ õ¤îñ£è ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢ Üõ£¢è÷¶
î¬ô¬ñò¤ô¢ ðî¢î¤ó¤è¢¬èò£÷£¢ Ãì¢ìñ¢ ð¤óú¢ è¤÷ð¢ð¤ô¢ ïìî¢îð¢ðì¢ì¶.
ïñ¶ ñò¢òî¢î¤ù¢ àÁð¢¹ ï¤Áõùñ£ù ªê£¬êì¢®ò¤ù¢ 38õ¶ ñè£ê¬ðè¢
Ãì¢ìñ¢ èìï¢î 07.09.2021 Üù¢Á ïñ¶ Ü½õôè Ãì¢ì Üóé¢è¤ô¢ ê¤øð¢ð£è
ï¬ìªðø¢ø¶. ªê£¬êì¢®ò¤ù¢ î¬ôõ£¢ î¤¼. K. Üí¢í£ñ¬ô Üõ£¢è÷¤ù¢ î¬ô¬ñò¤ô¢
ï¬ìªðø¢ø
ñè£ê¬ðè¢Ãì¢ìî¢î¤ô¢ Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ¼ñ¢ è£ð¢ð£÷¼ñ£ù
î¤¼. ð¦û¢ñ£ R. Þó£î£è¤¼ì¢®íù¢ Üõ£¢è÷¢, àìù® Üè¤ô Þï¢î¤ò ºù¢ù£÷¢ î¬ôõ£¢
î¤¼. Mu. «ñ£èù¢ Üõ£¢è÷¢, ªîù¢ ñí¢ìô- II ªêòô£÷£¢ î¤¼. K. ªõé¢è«ìêù¢ Üõ£¢è÷¢,
ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢ Üõ£¢è÷¢, ñ£ï¤ôê¢ ªêòô£÷£¢ î¤¼. S. Þó£ñð¢ð¤ó¹
Üõ£¢è÷¢, ªîù¢ùè ñò¢ò ï¤£¢õ£è¤è÷¢ ñø¢Áñ¢ àÁð¢ð¤ù£¢è÷¢ Ü¬ùõ¼ñ¢ èôï¢¶ ªè£í¢ìù£¢.
ïñ¶ ñò¢òî¢î¤ù¢ 71õ¶ ñè£ê¬ðè¢Ãì¢ìñ¢ 14.09.2021 Üù¢Á ïñ¶ Ü½õôè Ãì¢ì Üóé¢è¤ô¢
ªõ° ê¤øð¢ð£è ï¬ìªðø¢ø¶. ªî£ì£¢ï¢¶ 49õ¶ º¬øò£è ñè£ê¬ðè¢Ãì¢ìî¢î¤ô¢ èôï¢¶
ªè£í¢ì ð¦û¢ñ£ R. Þó£î£è¤¼ì¢®íù¢ Üõ£¢è«÷£´ àìù® ºù¢ù£÷¢ Üè¤ô Þï¢î¤òî¢
î¬ôõ£¢ î¤¼. Mu. «ñ£èù¢ Üõ£¢è÷¢ ªîù¢ ñí¢ìô –II ù¢ Üè¤ô Þï¢î¤òî¢ ¶¬íî¢î¬ôõ£¢
î¤¼. S. Üò¢òï£îù¢ Üõ£¢è÷¢, ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢ Üõ£¢è«÷£´, ªîù¢
ñí¢ìô -II–- ù¢ ªêòô£÷£¢ î¤¼. K. ªõé¢è«ìêù¢ Üõ£¢èÀñ¢, ñ£ï¤ô ñø¢Áñ¢ ñò¢ò ï¤£¢õ£è¤è÷¢,
ºù¢«ù£®è÷¢ àÁð¢ð¤ù£¢è÷¢ èôï¢¶ ªè£í¢´ ê¤øð¢ð¤î¢îù£¢.
29.09.2021 Üù¢Á ªð£¶ð¢ðí¤î¢¶¬ø Ãì¢ì Üóé¢è¤ô¢ 74õ¶ Product Assessment Committee
Ãì¢ìî¢î¤ô¢ ñ£ï¤ôî¢î¬ôõ£¢ î¤¼. R. ê¤õè¢°ñ££¢ Üõ£¢èÀñ¢, ºù¢ù£÷¢ ñò¢òî¢î¬ôõ£¢
î¤¼. L. ªõé¢è«ìêù¢ Üõ£¢èÀñ¢ èôï¢¶ ªè£í¢´ ïñ¶ è¼î¢¶è¢è¬÷ ðî¤¾ ªêò¢îù£¢.
õ¼ñ¢ Üè¢«ì£ð£¢ 8 ñø¢Áñ¢ 9 «îî¤è÷¤ô¢ ï¬ìªðø¾÷¢÷ ñ£ï¤ô Ü÷õ¤ô£ù «ñô£í¢¬ñ
ñø¢Áñ¢ ªð£¶è¢°¿ Ãì¢ìñ¢ ªîù¢ùè ñò¢òî¢î¤ù¢ àðêó¤ð¢ð¤ô¢ æì¢ìô¢ Feathers–ô¢
ï¬ìªðø¾÷¢÷÷¶ âù¢ðî¬ù ñè¤ö¢ê¢ê¤«ò£´ ªîó¤õ¤î¢¶è¢ ªè£÷¢è¤«øù¢.
Üè¢«ì£ð£¢ 29 Üù¢Á èì¢´ï£¢ î¤ù õ¤ö£õ¤¬ù ïìî¢¶õîø¢° ãø¢ð£´è÷¢ ªêò¢òð¢ðì¢´
õ¼è¤ù¢øù. ñò¢ò àÁð¢ð¤ù£¢è÷¢ Ü¬ùõ¼ñ¢ èì¢´ï£¢ î¤ù õ¤ö£õ¤ô¢ èôï¢¶ ªè£í¢´
õ¤ö£õ¤¬ù ê¤øð¢ð¤ð¢ð«î£´ ñò¢òî¢î¤ø¢° ªð¼¬ñ «ê£¢è¢è «õí¢´ªñù¾ñ¢ «èì¢´è¢ªè£÷¢è¤«øù¢.
ªêù¢ø Þîö¤ô¢ Ãø¤ò¶ «ð£ô 30õ¶ Üè¤ô Þï¢î¤ò èì¢´ï£¢ ñ£ï£ì¢®ø¢è£ù ºù¢ ðî¤¾
ê¤øð¢ð£è ï¬ìªðø¢Á õ¼è¤ø¶. èì¢ìíê¢ ê½¬è¬ò ðòù¢ð´î¢¶ñ¢ õ¤îñ£è Üè¢«ì£ð£¢
31è¢°÷¢ Ü¬ùõ¼ñ¢ ºù¢ ðî¤¾ ªêò¢¶ ªè£÷¢÷ «õí¢´è¤«øù¢. Üè¤ô Þï¢î¤ò ñ£ï£ì¢®¬ù
ªõ° ê¤øð¢ð£è ïìî¢îõîø¢è£ù Ýòî¢îð¢ðí¤è÷¢ ªî£ì£¢ï¢¶ ï¬ìªðø¢Á õ¼è¤ø¶. Ü¬ùî¢¶
àÁð¢ð¤ù£¢èÀñ¢ îé¢è÷¶ º¿ Ýîóõ¤¬ù îï¢¶ ñ£ï£ì¢®¬ù ê¤øð¢ð£è ïìî¢î åî¢¶¬öð¢¹
î¼ñ£Á Üù¢«ð£´ «õí¢´è¤«øù¢.
âù¢Áñ¢ Üù¢¹ìù¢

L. ê£ï¢î°ñ££¢
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HONOURING THE EQUIPMENT EXPERT
V.G. Sakthi Kumar is the Managing
Director of SCHWING Stetter (India) Private
Limited.
Mr. V.G. Sakthi Kumar holds a Bachelor’s
Degree in Chemical Engineering and a
Master’s of Business Administration from
the School of Management, Pondicherry
University.
He has been associated with SCHWING
Stetter, since its inception in India in 1998,
and has played an important part in its
growth story. He has over three decades
of industry experience in the Ready-Mix
Concrete and Construction Machinery
Business. He took charge as Chief Operating
Officer in 2006, and since then he has made
significant contributions to the building
the brand. Having consolidated SCHWING
Stetter’s position in India, he went forward
to establish Schwing Brand in SAARC and
reestablished Schwing Stetter’s position in
ASEAN and AFRICA.
He started his prolific career with Greaves
Cotton, heading the Sales operation for the
Southern Region. Going forward, he joined
M/s Hoesch Rothe Erde (Thyssenkrupp
Group, Germany), before SCHWING Stetter
India.

Contribution to SCHWING Stetter India

• He set up the Marketing Department
for SCHWING Stetter India from the Day 1
(1998).
• In 2007, he took charge of all Customer
Facing Departments like Sales, Marketing,
Service, Spares, Service Center, and
Training.
• He was responsible for setting up the
Export Business for SCHWING Stetter India
and establishing the operation in SouthEast Asia, South Asia, East Africa and
South Africa which currently contributes
10% Turnover of SCHWING Stetter India.

• He brought in Change Management and
invested in Salesforce.com, PMS System
and S&OP process to increase the efficiency
of the Company.
• He established Social Media Marketing
(Facebook, Pinterest, Twitter, Linked-In,
You Tube, Instagram and Google Plus)
and increased visibility for the Company.
There more than 1,60,447 people follow on
SCHWING Stetter Facebook Page.
• He was responsible to increase the
Brand Value of SCHWING Stetter India by
engaging Trade Magazines, Journals, and
Newspapers and General Public Relationship
and Corporate Communications.
• Overall SCHWING Stetter business
continued to grow and in the last 3 years, it
has grown 3 times.
•
Since
2013,
working
towards
establishing XCMG Brand in India.
• Under his leadership, Schwing Stetter
India was awarded theApollo CV Award 2016
for Commercial Vehicle “Truck Application
Builder” of the year for Concrete truck mixer
and also in 2014.
• In 2015, it look lead in launching XCMG
Group Products in India to create a nonconcreting business group under SCHWING
Stetter India Umbrella.
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• In 2018, SCHWING Stetter become the
No.1 business operation globally amongst
SCHWING Group of Companies.
• In 2019 he assumed role of Managing
Director of SCHWING Stetter (India) Private
Limited.

Awards & Recognition

• He is the Convener of Membership
Panel of Indian Construction Equipment
Manufactures’ Association (ICEMA)and also
GC Member of ICEMA.
• He is theChairman of Mechanization
Committee ofBuilders’ Association of India
(BAI).
• He played an active role in Confederation
of Indian Industry (CII) and led two Business
Delegations to Nepal and South Africa.
• Schwing Stetter India was awarded
recently as “INFRASTRUCTUREICONS’’
from Shri Nitin Gadkariji, Honorable Cabinet
Minister for Highways, Shipping and Ports
22 Southern Builder

organized by Navabharat Times Newspaper
in its Infrastructure Conclave & Awards
2018 held on 24th August 2018 in Mumbai.
• Schwing Stetter India was awarded in
December 2019 under the Winner Category
‘’Best Innovative Design– Digital Platform
Award of the Year’’ (for Product – Developed
an Online dashboard & implemented AI for
analyzing the machine data).
• Schwing Stetter India was awarded
two awards under the Winner Category
“Best Company in Piling Equipment and
Best Company in Concrete Construction
Equipment’’ organized by CIA World, EPIC
Media Private Ltd. in its Builders and
Building Materials Award 2020 held on 29th
February 2020 in Mumbai.
• Mr.V.G. Sakthi Kumar has been awarded
the `Equipment India Person of the Year
2020’. The Award was presented by
“Equipment India” Magazine at 8th Annual
Equipment India Annual Awards held
on 15th October 2020, 5.00 pm onwards
virtually. The award was also part of the
INDIA CONSTRUCTION FESTIVAL held
virtually on 15th-16th October 2020.
• Under his leadership, the company
has been recognized as one of the top ten
Brands ( Sixth Place ) in the Construction
& Concreting equipment Business group
in the year 2021 on a survey among the top
professionals of companies in the industry.
• During the pandemic , Mr.V G Shakthi
Kumar had opened a COVID CARE Center
inside the Factory premises, which was one
of kind in the industry.
• He did not allow the expansion
programme of Schwing Stetter India
to behampered due to Covid. He had
Inaugurated the Global manufacturing hub
in Cheyyar in Feb’2021 amidst the Pandemic.

14.09.2021 Üù¢Á ªê£¬êì¢®ò¤ù¢ 38õ¶ ñè£ê¬ðè¢Ãì¢ìñ¢
ï¬ìªðø¢ø¶

15.09.2021 Üù¢Á ªîù¢ùè ñò¢òî¢î¤ù¢ 71õ¶ ñè£ê¬ðè¢Ãì¢ìñ¢
ï¬ìªðø¢ø¶
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02.09.2021 Üù¢Á ªêù¢¬ùò¤ô¢ ï¬ìªðø¢ø ðî¢î¤ó¤è¢¬èò£÷£¢ êï¢î¤ð¢¹

19.09.2021 Üù¢Á

î¤¼õ÷¢À£¢ ñò¢òî¢î¤ù¢ ê££¢ð¤ô¢ ï¬ìªðø¢ø
Þôõê ñ¼î¢¶õºè£ñ¢.

ªêòø¢°¿ àÁð¢ð¤ù£¢ î¤¼. B. îù«êè£¢ Üõ£¢è÷¤ù¢
Þô¢ôî¢î¤¼ñí õ¤ö£

DISASTER-RESISTANT

STRUCTURES
In the past earthquakes and cyclones, most losses
of life have occurred due to the collapse of buildings
constructed with traditional materials such as stone,
brick, and wood, which were not particularly engineered
to be earthquake and cyclone resistant. Certain districts
of India have been identified by the Vulnerability Atlas of
India as well as the National Building Code (NBC 2005)
of India as prone to multi-hazards, which include severe
cyclones, moderate earthquakes, tidal waves in coastal
regions, severe corrosion environment, and man-made
disasters such as fire and blasts. In view of the continued
use of such buildings in our country due to the existing
socio-economic situation, it is essential to introduce
disaster-resistant features in their planning, design, and
construction.
From the results of studies on the performance
of buildings during past disasters, the following
recommendations emerge.
(a) Certain building types such as earthen houses,
random-rubble masonry, as well as brickwork in clay
mud/mortar should be ruled out in severe disaster prone
zones and coastal zones that are vulnerable to cyclones
and tsunamis.
(b) Rich mortars involving cement and lime should
be used in fired brick and/or coursed stone masonry.
(c) Adequate steel reinforcement should be
introduced in the walls.
(d) Light roofs should be properly anchored.
A building must be designed and constructed in such
a way that even in the event of a probable earthquake or
cyclone in the region, the following criteria are satisfied.
(a) An ordinary building should not suffer total or
partial collapse.
(b) It should not suffer any irreparable damage
which would require demolishing and rebuilding.
(c) It may sustain damage that can be repaired
quickly and the building put back to its usual service.
(d) The damage to an important building should be
even less so that the functioning of the activities during
the post-emergency period may continue unhampered
and the community buildings may be used as temporary
shelters for the affected people.
The present state of knowledge indicates that the
above-mentioned structural safety can be achieved by
adopting appropriate design and construction details
involving only a little extra expenditure.
The construction of houses for fishermen near
coastal areas for resettlement is the primary objective
of the rehabilitation effort after a coastal disaster. This
is achieved by constructing houses with reinforced
masonry, reinforced concrete, or steel frame buildings,

A.R.Santhakumar

Former Emeritus Professor,
Department of Civil
Engineering IIT Madras

and buildings using various types of structural systems.
Traditional buidings which satisfy all the socio-economic
needs should be made disaster resistant by using
appropriate cost-effective technology. The choice of
building material and construction technology should
depend upon local conditions such as the social living
pattern, economic affordability and accessibility of site,
wind speeds, yearly and daily temperature variations,
and rainfall in the area. Industrial buildings and
institutional structures are excluded from the purview of
this philosophy, and these should be designed and built
as per IS code recommendations.
Thus the objective of this chapter is to highlight
the basic concepts involved in achieving appropriate
resistance to the multi-hazards endangering such
buildings. The chapter includes the data for preparing
technical details such as reinforcement details, planning
aspects, quality control, and inspection necessary for
achieving the desired long-term performance of the
settlement. The structural components of the various
types of building considered include the following:
• isolated strip footing or pile foundation
• load-bearing walls for single-storey buildings
• framed construction for more than two storeys.
• flat roofing for all types of buildings
• In order to make the structure cost effective, certain
proven cost-effective technologies are used.
The chapter includes the following appendices.
Appendix 26.1: Categories of earthquake damages
Appendix 26.2: Building categories for various multihazard resisting features
Appendix 26.3: Information on and classification of
coastal regulation zones
Appendix 26.4: MSK intensity scale
Appendix 26.5: Design procedure for wind resistance
in buildings
Appendix 26.6: Basic design guidelines for CSEB
Appendix 26.7: List of IS codes published by Bureau
of Indian Standards in the area of disaster-resistant
construction
26.1 Disasters and Their Effects
Many parts of the world are affected by natural
disasters such as earthquakes and severe cyclones and
man-made catastrophes such as bomb blasts. Such
catastrophes not only result in the structural damage or
collapse, but also can prove to be detrimental to the life
and safety of the occupants of the structure. Therefore,
the effects of such disasters should be considered while
constructing buildings.
26.1.1 Earthquakes
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Earthquake damages depend on many parameters,
including intensity, duration, and frequency of ground
motion, geologic and soil condition, quality of construction,
etc. Building design must be such as to ensure that the
building has adequate strength, high ductility, and will
remain as an integral unit even when subjected to very
large deformation.
An observation of the structural performance of
buildings during an earthquake can clearly identify the
strong and weak aspects of the design, the desirable
qualities of materials and techniques required for
construction, and the criteria to be used for site selection.
The study of the damage, therefore, provides an important
step in the evolution of strengthening measures for
different types of buildings.
The following are the basic causes of building
damages during earthquake:
• Ground shaking
• Ground failure
• Tsunamis and tidal waves
• Fire
Appendix 26.1 lists the categories of earthquake
damages. According to the extent of damage, the
post-disaster actions to be taken for various damage
categories are also suggested in this appendix.
Ground shaking
The principal cause of earthquake-induced damage is
ground shaking. As the earth vibrates, all the buildings on
the earth's surface respond to the vibration with varying
degrees. Earthquake-induced acceleration, velocities,
and displacements can severely damage or destroy a
building unless it has been designed and constructed or
strengthened to be earthquake resistant. Therefore, the
effect of ground shaking on a building is a principal area
of consideration in the design of earthquake-resistant
buildings. The seismic loads are extremely difficult to
determine because of the random nature of earthquake
motions. However, experiences from past earthquakes
have shown that reasonable and prudent practices can
prevent a building from collapsing during an earthquake.
Effect of ground shaking on structures
Inertia force Buildings are fixed to the ground as
shown in Fig. 26.1(a). As the base of the building moves,
the superstructure along with its contents tends to shake
and vibrate from the position of rest in a very irregular
manner due to the inertia of the masses. When the base
of the building suddenly moves to the right, the building
moves to the left relative to the base [Fig.26.1(b)], as if
it was being pushed to the left by an unseen force which
we call inertia force. Actually there is no push at all, but
because of its mass, the building resists any motion.
The process is much more complex because the ground
moves simultaneously in three mutually perpendicular
directions during an earthquake as shown in Figs
26.1(b)-(d).
Seismic load The resultant internal force or seismic
load is represented by force F as shown in Fig. 26.1(e).
Force F is distinctly different from the dead, live, snow,
wind, and impact loads. The horizontal ground motion

action is similar to the effect of horizontal force acting on
the building; hence the term 'seismic load'. As the base of
the building moves in an extremely complicated manner,
inertia forces are created throughout the mass of the
building and its contents. It is these reversible forces
that cause the building to move and sustain damage or
collapse.

Fig. 26.1 Seismic vibration of a building and the
resultant earthquake force (Source: ISET 1989)
Additional vertical load effect is caused on the beams
and columns due to vertical vibrations. Being reversible,
at certain instants of time, the effective load is increased.
The stress condition in a typical wall element before and
during an earthquake is shown in Fig. 26.2.
Earthquake loads are dynamic and impossible to
predict precisely in advance, since every earthquake
exhibits different characteristics. The following equivalent
minimum total lateral force is used for seismic design as
per IS: 1893-2002.

Fig. 26.2 Stress condition in a wall element

The horizontal seismic coefficient Ah for a structure
can be determined by the following expression:
where VB is the design seismic base shear. Z is the
earthquake zone factor, which depends upon the ground
intensity of the earthquake. The value of Z is usually
plotted on maps in terms of seismic intensity isolines or
maximum acceleration isolines. Obviously, the higher
the intensity or acceleration, the larger the seismic force.
I is the occupancy importance or hazard factor, which
depends upon the usage of the building. The greater the
importance or larger the hazard caused by the failure of
the building, the greater the value of the factor I. R is the
response reduction factor, which depends on the ductility
of the structure. If the structure is built with greater
detailing to resist an earthquake, this factor is higher
compared to that for an ordinarily built frame. (Sa/g) is a
factor that depends on the natural period of vibration of
the structure and the site on which the structure stands.
W is the total weight of the superstructure of a building
including its contents.
The inertia forces are proportional to the mass of
the building, and only that part of the loading action that
possesses mass will give rise to seismic force on the
building. Therefore, the lighter the material, the lower
will be the inertia force and hence good the smaller the
seismic force.
Earthquake-induced inertia force can be distributed
to the vertical structural elements in proportion to their
stiffness, provided the roofs and floors are rigid to act
as horizontal diaphragms. Otherwise, the roof and floor
inertia will only get transferred to the vertical elements
on which they are supported. Therefore, the stiffness
and integrity of roofs and floors are important for good
earthquake resistance.
The roofs and floors which are rigid, flat, and are
bonded or tied to the masonry have a positive effect on
the wall, such as the slab or slab and beam construction
directly cast over the walls. Others that simply rest on
the masonry walls will offer resistance to relative motion
only through friction, which may or may not be adequate
depending on the earthquake intensity. In the case of floors
consisting of timber joints placed at a centre-to-centre
spacing of 20–25 cm with brick tiles placed directly over
the joists and covered with clayey earth, the brick tiles
have no binding effect on the joists. Therefore, relative
displacement of the joists is quite likely to occur during
an earthquake, which could easily bring down the tiles,
damaging property and causing injury to people. Similar
behaviour may be visualized with the floor consisting of
precast reinforced concrete elements not adequately tied
together. In this case, the relative displacement of the
supporting walls could bring down the slabs
Ground failure
Earthquake-induced ground failure has been
observed in the form of ground ruptures along the fault
zone, landslides, settlements, and soil liquefaction.
Ground rupture along a fault zone may be very limited
or may extend over hundreds of kilometres. Ground
displacement along the fault may be horizontal, vertical,

or both, and can be in centimetres or metres. While a
landslide can destroy a building, settlement can only
damage it.
Soil liquefaction can occur in low-density saturated
sands of relatively uniform size. The phenomenon of
liquefaction is particularly important for dams, bridges,
underground pipelines, and buildings standing on loose
sandy soils.
Tsunami and tidal waves
A sudden movement of the ocean floor generally
produces tsunamis or seismic sea waves. As the water
waves approach land, their velocity decreases and their
height increases from 5 to 8 m or even more. Obviously,
tsunamis can be devastating for buildings in coastal
areas. Tidal waves are caused by the effect of planets
on the sea level. Tidal waves can cause flooding and
damage buildings in the coastal zone.
Fire
A strong earthquake is accompanied by the disruption
of water supply and fire due to electric short circuits.
Therefore, the damage caused by an earthquake
increases with earthquake-induced fire in addition to the
direct damage to buildings. Thatch houses are extremely
vulnerable to fire. When a fire starts, it becomes difficult
to extinguish it, which leads to considerable loss of
property and life.
26.1.2 Cyclones
The coastal areas of southern peninsular India have
experienced a number of cyclonic windstorms, causing
devastation over a large area due to
(a) high wind velocity, which destroys traditional
houses and uproots trees and electric line supports,
(b) local floods caused by heavy rains, and
(c) storm surge waters, first flowing towards the land
and then receding back, drowning people and destroying
homes, agriculture, trees, and whatever comes in the
path of the flowing water.
High-speed windstorms over the mainland also often
cause severe damage to buildings, particularly to the
lightweight roofs, free-standing walls, etc. Agricultural
fields at the seacoast and inland suffer badly under highspeed winds.
The main destruction during cyclones occurs in the
traditional non-engineered buildings built using local clay,
brick, stones, adobe, or agro-based building materials.
Engineered buildings which have high-pitched roofs also
suffer damage unless appropriate precautions are taken
in design as well as during construction. Even in heavy
constructions, substantial non-structural damages occur
to doors, windows, cladding wall panels, glass, panes,
etc.
The macro-level wind speed zones of India have been
formulated and published in IS: 875(3)-1987 titled Indian
Standard Code of Practice for Design Loads (other than
Earthquakes) for Buildings and Structures, Part 3, Wind
Loads. There are six basic wind speeds V0 considered
for zoning, namely, 55, 50, 47, 44, 39, and 33 m/s. From
the wind speed viewpoint, these could be classified as
follows:
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55 m/s (198 km/h):

very high damage risk zone A

50 m/s (180 km/h):

very high damage risk zone B

47 m/s (169.2 km/h): high damage risk zone
44 m/s (158.4 km/h): moderate damage risk zone A
39 m/s (140.4 km/h): moderate damage risk zone B
33 m/s (118.8 km/h): low damage risk zone
Design wind speed and pressure
The magnitude of wind pressure depends on the
• aerodynamic flow of wind around the building
• windward vertical faces of the building
• leeward faces encountering suction effects
• slope of pitched roofs
The projected elements of a building such as window
sunshades and eaves are subjected to uplift pressures
several times the intensity of the horizontal wind
pressure pz. These factors contribute significantly to
the vulnerability of a building type in a given wind speed
zone.
The design wind pressure at a height z above the
ground level on a surface normal to the wind stream is
given by pz = 0.0006 Vz2, where Vz is the design wind
velocity (m/s) and pz is the design wind pressure (kN/
m2), the basic wind speed being the same in a given
zone.
Coastal areas
Coastal areas are subjected to severe windstorms
and cyclonic storms. It is known that sometimes the
wind gusts can appreciably exceed the specified basic
wind speeds (by as much as 40% to 55%). However, for
the design of structures (except those considered very
important) the above-mentioned macro-level zoning is
considered adequate.
The frequency of occurrences of cyclones on different
portions of the east coast has been different. Even
for the same design wind speed, the risk of damage
per year will be higher in areas subjected to frequent
cyclones. For important buildings in the coastal zone,
the IS code recommends adoption of a separate cyclone
enhancement factor.
Storm surge/tidal waves
Besides the very high velocity winds, coastal areas
suffer from the onslaught of seawater over the coast due
to the storm surge generated by cyclones. A storm surge
is the sudden abnormal rise in sea level caused by a
cyclone. The surge is generated due to the interaction of
air, sea, and land. The seawater flows across the coast
as well as inland and then recedes back to the sea. Huge
loss of life and property takes place in the process. The
extent of storm surge is greater during high tides.
Types of damage during cyclones
The wind pressures and suction effects on flat objects
could be sufficient enough to lift them off and carry them
away from their place of rest unless adequately tied
down to firm supports. This is due to the aerofoil effects
of structural shapes and the magnitude of cyclonic
windstorms. Table 26.1 summarizes the effects of
windstorms and aerofoil effects.
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Table 26.1 Aerofoil effects of windstorms

Wind
speed
Typical possible movement
(m/s)
30–35 Roof sheets fixed to purlins fly
35–40 Small aircrafts take off automatically
(if not held down)
40–45 Roof tiles nailed to battens fly
45–50 Garden walls blow over and fall
50–55 Un-reinforced brick walls fail
55–60 Major damage is caused by flying
debris
60–65 70-mm-thick concrete slabs fly

The resistance required to be provided for multihazards depends on the category of the building as
specified in Appendix 26.2.
26.2 Construction and Planning Aspects for
Resistance Against Disasters
To resist disasters, appropriate strengthening and
resistive features need to be incorporated into the design
and construction of vulnerable structures. This section
elaborates on the various construction and planning
aspects of disaster resistance.
26.2.1 Site/Soil Particulars
Site selection
The choice of site for a building, from the failure
prevention point of view, is mainly concerned with the
stability of the ground. Very loose sands or sensitive
clays are liable to be destroyed by earthquakes, as they
tend to lose their original structure and thereby undergo
compaction. This results in large unequal settlements
and damages the building. If these loose, cohesionless
soils are saturated with water, they are likely to lose their
shear resistance altogether during ground shaking. This
leads to liquefaction.
Although such soils can be compacted, the operation
may be too costly for small buildings and sites having such
soils are better avoided. For large building complexes,
such as housing developments, residential colonies,
etc., this option should be thoroughly investigated and
the site selected appropriately.
Therefore a site with sufficient bearing capacity
and free from the above defects should be chosen
and its drainage condition improved so that no water
accumulates and saturates the ground especially close
to the footing level.
Bearing capacity of foundation soil
We consider the bearing capacities of three soil types
here.
• Firm—Soils that have an allowable bearing capacity
of more than 10 t/m2
• Soft—Soils that have an allowable bearing capacity
of less than or equal to 10 t/m2
• Weak—Soils that are susceptible to large differential
settlement or liquefaction during an earthquake

Buildings can be constructed on firm and stiff soils, but
it is dangerous to build on weak soils. Hence, appropriate
soil investigation should be carried out to establish the
allowable bearing capacity and nature of the soil. Weak
soils must either be avoided or compacted to improve
them so as to qualify them as either firm or stiff.
26.2.2 Foundations
For the purpose of rendering a building truly disaster
resistant, it will be necessary to choose an appropriate
foundation type. Since loads from typical low height
buildings will be light, providing the required bearing
area will not usually be a problem. For choosing the type
of footing from the earthquake angle, the soils may be
grouped as firm and soft, avoiding weak soils altogether.
Firm soil
In firm soil conditions, any type of footing (individual
or strip type) can be used. It should of course have a
firm base of lime or cement concrete with the requisite
width, over which the construction of the footing can be
started. It is advisable to connect the individual reinforced
concrete column footings by means of RC beams just
below the plinth level (plinth band).
Soft soil
In soft soil, it is advisable to use a plinth beam on
all walls and wherever it is necessary to connect the
individual column footings by means of ground beams
as well. It may be mentioned that continuous reinforced
concrete footings are considered to be the most effective
from disaster resistance as well as storm surge resistance
considerations. Such foundations also avoid differential
settlements under normal vertical loads. Continuous
footing should be reinforced both at the top and bottom
faces, the width of the footing should be wide enough to
make the contact pressures uniform, and the depth of
the footing should be below the lowest level of possible
scour.
Selection of foundation type
Certain types of foundations are more susceptible to
damage than others. Isolated footings of columns are
likely to be subjected to differential settlement particularly
where the supporting ground consists of a soft type of
soil. Mixed types of foundations within the same building
may also lead to damage due to differential settlement.
Table 26.2 suggests various descriptions of shallow and
deep foundations adopted.
Table 26.2 Types of foundations
Type

Type

Description
Reinforced-concrete-bearing piles
Reinforced concrete skin friction piles

Deep
foundation

Steel-bearing piles
Wood piles
Steel skin friction piles
Cast-in-place concrete piers
Caissons

26.2.3 Building Plan
Symmetry
The building as a whole or its various blocks should
be kept symmetrical about both the axes. Asymmetry
leads to torsion during earthquakes and is dangerous.
Torsion due to asymmetric bending is shown in Fig. 26.3.
Symmetry is also desirable in the placing and sizing of
door and window openings as far as possible.

Fig. 26.3 Torsion of asymmetrical building
Regularity
Simple rectangular shapes [Fig. 26.4(a)] behave
better during an earthquake than shapes with projections
[Fig. 26.4(b)]. The torsional effects of ground motion are
pronounced in long narrow rectangular blocks. Therefore
it is desirable to restrict the length of a block to two times
its width. If longer lengths are required, two separate
blocks with sufficient separation in between should be
used [Fig. 26.4(c)].

Description
Wall or column embedded in soil,
without footing (to be avoided)

Shallow
foundation

Rubble stone (field stone) isolated
footing
Rubble stone (field stone) strip footing
Reinforced concrete isolated footing
Reinforced concrete strip footing
Mat foundation
Fig. 26.4 Plan of building blocks
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Enclosed areas
A small building enclosure with properly interconnected
walls acts like a rigid box. The strength of the long walls is
derived from the transverse walls. Therefore, structurally,
it is advisable to have separately enclosed rooms, Fig.
26.5(a), rather than one long room, Fig. 26.5(b). For an
unframed wall of thickness t and wall spacing a, the ratio
of a/t = 40 should be the upper limit for masonry cross
walls made with mortars of cement–sand ratio 1:6 or
richer and less for poorer mortars. For larger panels or
thinner walls, RC framing elements should be introduced
as shown at Fig. 26.5(c).

Fig. 26.5 Enclosed area forming box units
Regulations on gaps between buildings
Separation of a large building into several blocks
may be required to obtain the symmetry and regularity
of each block. For preventing hammering or pounding
damage between blocks, a physical separation of 3 to
4 cm throughout the height above the plinth level will be
adequate as well as practical for buildings of up to three
storeys height.
Simplicity
Ornamentation involving large cornices, vertical or
horizontal cantilever projections, facia stones and the
like are dangerous and undesirable from the disaster
resistance viewpoint. Simplicity is the best approach.
Where ornamentation is insisted upon, it must be
reinforced with steel, which should be properly embedded
or tied into the main frame of the building.
Separate buildings for different functions
In view of the difference in importance of hospitals,
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schools, assembly halls, residences, communication
and security buildings, etc., it may be economical to plan
separate blocks for different functions so as to economize
strengthening costs.
26.2.4 Buildings with Fired Brick Masonry Units
Masonry walls are brittle and fail during disasters.
Herein we discuss the causes of failure of masonry units
and their strength and reinforcement requirements in
wall constructions to avoid sudden failure.
Causes of failure
Load-bearing walls must be built either with rectangular
blocks or with stone masonry in cement–sand mortar.
The following are the main weaknesses of unreinforced
masonry constructions, which lead to extensive damage
during disasters.
(a) Heavyweight and very stiff buildings, attracting
large seismic inertia forces.
(b) Very low tensile strength, particularly with poor
mortars.
(c) Low shear strength, particularly with poor
mortars.
(d) Brittle behaviour in tension as well as in
compression.
(e) Weak connection between the longitudinal and
transverse walls
(f) Weak connection between the roof and walls
(g) Stress concentration at the corners of windows
and doors.
(h) Overall asymmetry in the plan and elevation of
the building.
(i) Asymmetry due to imbalance in the sizes and
positions of the openings in the walls.
(j) Defects in construction such as the use of
substandard materials, unfilled joints between bricks, out
of plumb walls, and improper bonding between walls at
right angles.
Typical strengths of masonry
The crushing strength of masonry used in walls
depends on many factors, such as the following.
(a) Crushing strength of the masonry unit, namely,
the brick.
(b) Mix of the mortar used and age of testing. The
mortar used for different wall constructions varies in
quality as well as strength. It is generally described on
the basis of the main building material such as cement
or lime mortar, cement lime composite mortar, limepozzolana, or hydraulic lime mortar. Clay mud mortar is
also used in rural areas.
(c) The slenderness ratio of the wall, that is, the
smaller of the ratio of effective height and effective length
of the wall to its thickness. The larger the slenderness
ratio, the smaller the strength.
(d) Eccentricity of the vertical load on the wall—the
larger the eccentricity, the smaller the strength.
(e) Percentage of openings in the wall—the larger
the openings, the smaller the strength. The tensile and
shearing strengths of masonry mainly depend upon the
type of bond such as either English or rat trap bond. (The
masonry bonds are discussed later in this section.)

Adhesion at the contact between the masonry unit and the
mortar is only a small percentage of the crushing strength. The
richer the mortar in the cement or lime content, the higher the
percentage of tensile and shearing strength in relation to the
crushing strength. Tests carried out on brick couplets using
handmade bricks in cement mortar give the compressive strength
values shown in Table 26.3.
Table 26.3 Typical strengths of masonry
Mortar mix

Tensile
strength
(MPa)

Compressive strength
corresponding to the
Shearing
crushing strength of
strength
the masonry unit (MPa)
(MPa)
3.5 7.0 10.5 14.0

Cement

Sand

1

12

0.04

0.22

1.5

2.4

3.3

3.9

1

6

0.25

0.39

2.1

3.3

5.1

6.0

1

3

0.71

1.04

2.4

4.2

6.3

7.5

The modulus of elasticity of masonry very much depends
upon the density and stiffness of the masonry unit, besides the
mortar mix. For brickwork, the values are of the order of 2000
MPa for cement–sand mortar in 1:6 proportion. The mass density
of masonry mainly depends on the type of masonry unit. For
example, brickwork will have a mass density of about 19 kN/m3
and dressed stone masonry 24 kN/m3.
Mortar
Since tensile and shear strength are important for the seismic
resistance of masonry walls, the use of mud or very lean mortars
is unsuitable. A mortar mix of cement and sand in a 1:6 ratio by
volume or equivalent is recommended.
Appropriate mixes for various categories of construction are
recommended in Table 26.4. The use of a rich mortar in narrow
piers between openings will be desirable even if a lean mix is
used for the walls in general.
Table 26.4 Recommended mortar mixes
Category of
construction*

(a) Openings should be located away from
the inside corner by a clear distance b5 equal to
at least one-fourth the height of the openings but
not less than 60 cm.
(b) The total length of the openings (b1 + b2
+ b3) should not exceed 50% of the length (L1)
of the wall between consecutive cross walls in
single-storey constructions, 42% in two-storey
constructions, and 33% in three-storey buildings.
(c) The horizontal distance b4 (pier width)
between the two openings should be greater
than half the height of the shorter opening but
not less than 60 cm.
(d) The vertical distance from an opening to
an opening directly above it, h3, should not be
less than 60 cm nor less than half the width of
the smaller opening.
(e) When the openings do not comply
with the requirements mentioned above, they
should either be boxed in reinforced concrete
or provided with reinforcing bars at the jambs
through the masonry (Fig. 26.7).

Proportion of cement–lime–sand

I

Cement–sand 1:4 or cement–lime–sand
1:1:6 or richer

II

Cement–lime–sand 1:2:9 or richer

III

Cement–sand 1:6 or richer

IV

Cement–sand 1:6 or lime–surki 1:3 or richer

Fig. 26.6 Recommendations regarding
openings in load-bearing wall

*The category of construction is defined in Appendix 26.2.
Wall enclosures
In load-bearing wall constructions, the wall thickness t should
not be less than 190 mm, the wall height not more than 20t, and
the wall length between cross-walls not more than 40t. If longer
rooms are required, either the wall thickness should be increased
or buttresses of full height should be provided at 20t or less apart.
The minimum dimensions of the buttress should be equal to the
thickness, the top width equal to t, and the bottom width equal to
one-sixth the wall height.
Openings in walls
Studies carried out on the effect of openings on the strength
of walls indicate that they should be small in size and centrally
located. The following are guidelines on the size and position of
openings (Fig. 26.6).
Fig. 26.7 Strengthening masonry around opening (window)

Masonry bonds
For achieving the full strength of masonry,
the usual bonds specified for masonry should
be followed so that the vertical joints are broken
properly from course to course.
For convenience of constructions, builders
prefer to make toothed joints (Fig. 26.8), which are
often left hollow and weak. To obtain a full bond it
is necessary to make a slopping (stepped) joint by
first constructing the corners up to a height of 600
mm and then building the wall in between them.
Otherwise the toothed joints should be made in
both the walls alternately in lifts of about 45 cm.

Fig. 26.9 Gable band, roof band, and lintel band in a building

Fig. 26.8 A typical detail of masonry
Horizontal reinforcement in walls
Horizontal reinforcement is required in walls
for imparting to them horizontal bending strength
against plate action for out-of-plane inertia load
and for tying the perpendicular walls together. In
the partition wall, horizontal reinforcement helps
preventing shrinkage and temperature cracks. The
following reinforcing arrangements are necessary.
Horizontal bands or ring beams Reinforced
concrete bands are provided continuously through
all load-bearing longitudinal and transverse walls
at plinth, lintel, and roof-eave levels, also at the
top of gables according to the requirements stated
below.
Plinth band This should be provided to resist
lateral loads and avoid differential settlement in
weak foundation soils. It also serves as a dampproof course.
Lintel band This is the most important band and
incorporates in itself all door and window lintels.
The reinforcement required for lintel for bridging
door/window openings should be extra to the lintel
band steel. It must be provided on all walls in a
storey and in all storeys.
Roof band This band is required at the eave level
of roofs and also below or in level with floors that
consist of joists and covering elements so as to
properly integrate them at the ends and fix them
onto the walls.
Gable bands Masonry gabble ends must have
the triangular portions of masonry enclosed in
a band; the horizontal part must be continuous
with the eave level band on longitudinal walls as
shown in Fig. 26.9.
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Selection of bands or ring beams
The reinforcement and dimensions of these bands may be
kept as follows for wall spans up to 9 m between the cross walls
or buttresses.
A band consists of two (or four) longitudinal steel bars with
links or stirrups embedded in 75-mm (or 150-mm) -thick concrete
(Fig. 26.10). The thickness of the band may be made equal to
or a multiple of masonry units and its width should equal the
thickness of the wall. The steel bars are located close to the
wall faces with 25-mm cover and full continuity is provided at
the corners and junctions. The minimum size of a band and the
amount of reinforcement required depend upon the unsupported
length of the wall between cross walls and the effective seismic
coefficient based on the seismic zone, importance of buildings,
and type of soil and wind zone as defined by the building
category (see Appendix 26.2). For longer spans, the size of the
band must be specially designed.
Table 26.5 Recommendation for steel in RC band
Category I
Span No.
(m) of
bars

Category II

Dia.
of
bars
(mm)

No.
of
bars

Dia.
of
bars
(mm)

Category III Category IV
Dia.
No.
No.
of
of
of
bars
bars
bars
(mm)

Dia.
of
bars
(mm)

5

2

12

2

10

2

10

2

10

6

2

16

2

12

2

10

2

10

7

2

16

2

16

2

12

2

10

8

4

12

2

16

2

16

2

12

9

4

16

4

12

2

16

2

12

Notes:
1. The width of the RC band is assumed to be the same
as the thickness of wall. The wall thickness should be 20 cm
minimum. A cover of 25 mm should be maintained from the face
of the wall. For thicker walls, the quantity of steel need not be
increased.

2. The vertical thickness of the RC band may be
kept as low as 75 mm where two longitudinal bars are
specified and 150 mm where four longitudinal bars are
specified.
3. The concrete mix should be 1:1.5:3 by volume or
have 20 MPa cube crushing strength at 28 days. The w/c
ratio should be less than 0.4. In coastal areas, a richer
mix having 30 MPa should be used.
4. The longitudinal bars should be held in position by
steel links or stirrups 6 mm in diameter spaced 150 mm
apart.
The appropriate steel and concrete sizes for
various buildings are recommended in Table 26.5. The
bands must be located at critical levels of the building,
namely, the plinth, lintel, roof, and gables according to
requirements (Fig. 26.10).

Fig. 26.11 Corner strengthening by dowel reinforcement
Vertical reinforcement in walls
The critical sections of walls are the jambs of the
openings and the corners of walls. The amount of vertical
reinforcing steel required at these critical sections
depends upon several factors, such as the number of
storeys, storey heights, the effective seismic force based
on the seismic zone, the importance of the building, and
the soil foundation type. Values of diameters of steel
bars to be provided at these critical sections based on
rough estimates for buildings are given in Table 26.6
for ready use. The steel bars must be installed at the
critical sections, that is, the corners of walls and jambs
of doors, starting right from the foundation concrete,
and the cavities made around them during the masonry
construction must be covered with cement concrete. This
concrete mix should be kept at 2:3:6 by volume or richer
(w/c ratio to be less than 0.4). Typical arrangements of
vertical steel in brickwork are shown in Fig. 26.12. In
coastal areas, concrete of grade M30 must be used for
protecting the steel against corrosion.

Fig. 26.10 Reinforcement detail in RC band
Dowels at corners and junctions
As a supplement to the bands described above, steel
dowel bars may be used at corners and T-junctions to
integrate and create the box action of walls. Dowels (Fig.
26.11) are placed in every fourth course or at about 50 cm
intervals and taken into the walls up to sufficient length
so as to provide the full bond strength. Wooden dowels
can also be used instead of steel. However, the dowels
do not serve to reinforce the walls in horizontal bending
except near the junctions. It is preferable to embed the
dowel reinforcements in concrete of at least 40 mm cover
to protect them against corrosion.

Fig. 26.12 Vertical reinforcement provision details in
walls
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Table 26.6 Diameters of steel bars to be provided at critical sections
Number
of
storeys

Storey

One
Two
Three

Diameter of steel bar at each critical
section for the respective category* (mm)
Category Category Category Category
I
II
III
IV
16

12

12

Nil

Top

16

12

12

Nil

Bottom

20

16

16

Nil

Top

16

12

12

Nil

Middle

20

16

12

Nil

Bottom

20

16

16

Nil

†

†

Top
Four

12

12

Second

Third

16

12

Bottom

16

12

*The categories of construction are defined in Appendix 26.2.
†Four-storied load-bearing wall constructions should not be used for
category I and II buildings.
It is easiest to provide the jamb steel of window openings in
box form around them. The vertical steel of the openings may be
terminated by embedding it into the lintel band but the vertical steel
at the corners and junctions of the walls must be taken into the floor
or the roof slabs or into the roof band (Fig. 26.13).

Fig. 26.13 Overall arrangement for reinforcing a low-strength
masonry building
26.2.5 Buildings with Cost-effective Masonry Units
Hollow block masonry
The following details may be used for placing horizontal and
vertical steel in hollow block masonry using cement–sand or cement–
concrete blocks.
Horizontal reinforcement U-shaped blocks may be used for
constructing horizontal bands at various storeys as per seismic
requirements as shown in Fig. 26.14. The amount of horizontal
reinforcement used may be 25% more than that given in Table 26.5
and provided by using four bars and 6-mm-diameter stirrups. The
other details shown in Fig. 26.10 should be used.

Fig. 26.14 U-block for horizontal bands
Vertical reinforcement The vertical bars specified in Table 26.6 may
conveniently be located inside the cavities of a hollow block, one bar
in one cavity. When more than one bar is planned, they should be
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placed in two or three consecutive cavities as
shown in Fig. 26.15. Cavities having bars are
filled with micro-concrete (2:3:6) or cement–
sand mortar (1:3) and properly compacted.

Fig. 26.15 Vertical reinforcement in cavities
for hollow block masonry
In practice threading the bars through the
hollow block is difficult since they have to be
set in footings, and have to be set vertically
while lifting the blocks through entire storey
heights, threading them into the cavities and
lowering them down to the bedding level. To
avoid lifting a block too high, the bars are
made shorter and lapped adequately with the
upper portion of the bars.
Compressed stabilized earth block
masonry
Earth (that is, soil) is a locally available
material. It can be stabilized with cement. The
interlocking keys of a typical block (Appendix
26.6; Fig. A26.1) increase the strength of the
wall against lateral forces. The interlocking
blocks can be suitably reinforced through the
hole provided for disaster resistance.
Compressed stabilized earth block
(CSEB) technology can be effectively used
based on the details given in Appendix 26.6.
However, when this technology is used
for ensuring adequate quality, blocks have
to be tested and a record has to be kept
with respect to strength under wet and dry
conditions.
Other cost-effective techniques such as
rat-trap bond masonry, can also be used,
provided the disaster resistance features are
incorporated in them.
26.2.6 Construction Details for Buildings
with Stone Masonry
Stone masonry construction
Stone buildings using fully dressed
rectangular stone units or cast solid blocks
consisting of large stone pieces in a cement
mix 1:3:6 (cement:sand:large stone pieces)
may be built.
Typical damage and failure of stone
buildings
Random-rubble
and
half-dressed
stone buildings (Fig. 26.16) have suffered
extensive damage and complete collapse
during past earthquakes and other disasters.
The following are the main ways in which
such buildings have been observed to be
damaged.

Fig. 26.16 Wall delaminated with buckled wythe
(Source: ISET 1989)
• Separation of walls at corners and T-junctions,
which takes place more easily than in brick buildings due
to poor connections between the walls.
• Delamination and bulging of walls, that is, vertical
separation of internal wythe and external wythe through
the middle of wall thickness. This occurs mainly due
to the absence of 'through' or bond stones and weak
mortar filling between the wythes. In half-dressed stone
masonry, the surface stones are pyramidal in shape
having more or less an edge contact one over the other.
Thus the stones are in an unstable equilibrium and get
easily disturbed under minor shaking of the ground.
Crumbling and collapsing of bulged wythes after
delamination under the heavy weight of roofs/floors,
leading to the collapse of the roof along with the walls
or causing large gaps in walls, are common occurrences
during earthquakes.
Outward overturning of stone walls occurs after
separation at corners due to the inertia of roofs and
floors and their own inertia when the roofs are incapable
of acting as horizontal diaphragms. This particularly
happens when the roof is flexible and consists of round
poles, reed matting, and clay covering.
Frequently, such stone houses are completely
shattered and razed to the ground, the walls being
reduced to heaps of rubble. People living in such homes
get buried under the rubble and more often killed. Thus,
such buildings, without the structural improvements
suggested below, are considered dangerous, particularly
in seismic zone III or higher or during high tidal waves in
coastal curves.
Typical structural properties
Test data on the strength characteristics of randomrubble and half-dressed stone masonry are not available.
It is, however, qualitatively known that the compressive
strength even with clay mud used as mortar is enough to
support three storeys, but the tensile strength could only
be close to zero. The sliding shear strength could only be
due to frictional resistance.
General construction aspects
Overall dimensions
1. The height of the construction may be restricted
to one storey for buildings of categories I and II and two
storeys for categories III and IV. When light sheeted roof
is used, an attic floor may also be provided. The height of
a storey may be kept as low as 2.5 m.

2. The wall thickness should be as small as feasible,
say, 300– 450 mm.
3. The unsupported length of a wall between cross
walls may be limited to 7 m.
4. For longer walls, buttresses may be used at
intermediate points not farther apart than 3 m. The
thickness or top width and the base width of a buttress
may be kept as t and h/6, respectively, where t is the
thickness and h is the actual height of the wall.
Mortar Clay mud mortar should be avoided. The mortars
specified and recommended in Table 26.4 may be used
for stone walls.
Openings in walls The openings in walls should be
as small and as centrally located as practicable. The
recommended opening limitations are shown in Fig.
26.17. Ventilators, where used, may be of size 450 × 450
mm or smaller.

Fig. 26.17 Recommended openings in bearing walls in
rubble masonry (Source: ISET 1989)
Masonry bond Random-rubble masonry construction
should be brought to courses at not more than 600
mm lift. Through stones of full length equal to the wall
thickness should be used in every 600 mm lift not more
than 1.2 m apart horizontally. If full-length stones are not
available, stones in pairs, each of about three-fourth the
wall thickness, may be used in place of one full-length
stone to provide an overlap between them.
In place of through stones, bonding elements made
of s-shaped or hooked link steel bars 8 to 10 mm in
diameter may be used with a cover of 25 mm from each
face of the wall (Fig. 26.18). Alternatively, wooden bars of
38 mm × 38 mm cross section or equivalent may be used
instead of through stones. The wood used should be well
preserved through seasoning and chemical treatment so
as to be durable against weathering action and insect
attack (Fig. 26.18).

Fig. 26.18 Through stone and bond elements (Source:
ISET 1989)
Bond stones should also be used at corners and
junctions of walls to break the vertical joints and bond
perpendicular walls.
Horizontal reinforcement for walls All the horizontal
reinforcements recommended for brick buildings may be
used for random-rubble constructions as well.
Vertical reinforcement for walls The amount of
vertical steel required to be provided at the corners and
T-junctions of stone masonry walls and at the jambs of
the openings is given in Table 26.7 and depicted in Fig.
26.19.
Table 26.7 Recommended vertical steel at critical
sections of masonry walls
Number. of
Storeys

Diameter of bar at each critical section
for various categories* (mm)
Category I

Category II

Category III

One

20

16

14

Two

†

†

16

*The categories of construction are defined in Appendix
26.2. An equivalent area of deformed bars or a number
of mild steel bars could be used alternatively, but their
diameter should not be less than 12 mm.
†Two-storeyed buildings with load-bearing stone
masonry of the random-rubble or half-dressed stone type
are not recommended for categories I and II.

Fig. 26.19 Vertical steel reinforcement in low-strength
masonry walls (typical construction details for installing
vertical steel bars in random-rubble stone masonry)
Buildings of category IV need not incorporate vertical
steel. For providing vertical bars in stone masonry, a
casing pipe is recommended around which masonry is
built to a height of every 600 mm.
The pipe is kept loose by rotating it during the
masonry construction. Then the casting pipe is raised
and the cavity below is filled with a 1:1.5:3 concrete mix
and rodded to compact it. The concrete not only provides
the bond between the bar and the masonry but is also
intended to protect the bar from corrosion. In coastal
areas care should be taken to use M30 grade concrete
and restrict the w/c ratio strictly to 0.4.
The jamb steel may be taken from the footing up to
the lintel band and anchored into it. The corner steel must
be taken from the footing up to the roof slab or roof band
and anchored into it similar to the anchorage shown in
Fig. 26.13.
26.2.7 Buildings with reinforced cement concrete
With the spread of reinforced concrete construction to
semi-urban and rural areas in India, buildings are often
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constructed using reinforced concrete columns and
beams, without proper engineering design, based on the
experience of local masons and small contractors. The
use of isolated columns together with load-bearing walls
for supporting long internal beams or those in verandahs
and porches is becoming quite common. In most cases,
such constructions suffer from deficiencies from the
disaster resistance viewpoint, since no consideration is
given to the effect of lateral loads, and the connection
details are usually such that no moment carrying capacity
due to lateral forces can be relied upon. Beams simply
rest on top of columns and are mostly held in position
by friction. The friction can be overcome by buoyancy or
upward movements due to either winds or earthquakes
or water uplift pressure due to tidal waves or tsunami.
The other serious deficiency lies in concrete quality in
respect of mixing, placing, compacting, and curing. The
aim of this section is to provide working guidelines for
such low-rise (up to three storeys), small buildings in RC
frame constructions, in which columns are supposed to
resist vertical loads as well as horizontal forces and the
filler walls are assumed to be neither load-bearing nor
taking part in the lateral resistance of the building. Large
halls for gymnasia, assembly halls, etc. having a floor
area of more than 60 m2 or beam spans of more than 7
m must be designed and proof checked for adequacy as
per the relevant IS standards.
Typical damage and collapse of RC buildings
The following types of damage are quite common in
reinforced concrete buildings.
Sliding of roofs off supports Beams that simply rest
on walls or columns slide off them when the lateral load
intensity exceeds the frictional resistance and often
leave the support and fall down, particularly if the bearing
length is inadequate.
Falling of infill walls The infill panel walls in between
reinforced concrete columns overturn outside the
framework if not held tight or connected properly with the
frames.
Crushing of column ends and virtual hinging During
severe shaking, the column ends are subjected to heavy
eccentric compressive stresses. Due to this, concrete
gets crushed and spalls off from the outer cover surfaces.
In the subsequent cycles, the damage progresses
inwards. The effective section gets very much reduced.
The columns ends virtually start behaving as pins and
the whole framework collapses forming the mechanism
shown in Fig. 26.20.

Fig. 26.20 Crushing of concrete at column ends

Short column effect When infill walls with wide openings
are attached to the columns, the portions of the columns
that will deform under lateral seismic loads become
very short as compared to their normal height. Such
short columns become much stiffer than other columns
and attract much larger shear forces, due to which they
undergo severe diagonal tension cracking, which leads
to the failure and collapse of the column.
Diagonal cracking in columns Columns are subjected
to diagonal cracking due to large seismic shears caused
by severe ground shaking. If the building twists due
to torsion effects, the cracks may take a spiral form,
reducing the load capacity of the columns severely.
Diagonal cracking of column–beam joints Many
times diagonal cracking occurs through the junction of
the column with the beam, which seriously impairs the
strength of the frame.
Pulling out of reinforcing bars When the anchor lengths
of column bars or overlaps between the longitudinal bars
are not adequate for developing the full tensile strength
of the bar, they are often pulled out due to the tension
caused in the column under the severe reversal of
stresses.
Collapse of gable frames Reinforced concrete gable
frames, often used for schools, workshops, gymnasia,
and assembly halls or cinema halls, have a tendency
of spreading out with no secondary resistance available
once the joint fails. These are often found to fail and
collapse, unless very carefully designed and detailed.
Foundation sinking and tilting Sinking or tilting of the
foundations of columns due to seismic shaking occurs
in loose soft soils and can lead to severe cracking of the
superstructure and the structure can even collapse.
Care in concrete construction In reinforced concrete
work, the most important requirement for good behaviour
is good quality of concrete, which is usually not achieved
in non-engineered constructions. The following are some
simple guidelines for preparing concrete of adequate
strength and durability.
Measuring materials In non-engineered reinforced
concrete constructions, the usual concrete mix proportion
is 1:1.5:3 by volume of cement:sand:aggregate. Under
no circumstance should a w/c ratio more than 0.45
be adopted. In non-coastal areas M20 and in coastal
areas M30 should be the minimum grade adopted. In
coastal areas the w/c ratio should be restricted to 0.4.
The aggregate may be in the form of river shingle or
crushed stone of 20 mm size. A 50-kg cement sack has
a nominal volume of 0.0317 m3. It will be best to prepare
the concrete mixture using whole bags of cement. For
measuring sand and aggregate, a wooden box with
handles having a volume equal to one sack of cement
will be most accurate as well as convenient to use. The
measurement box can also be made of steel sheets.
Mixing materials When mixing is done manually without
using a power driven mixer, it should be done on an
impervious platform, say, using iron sheets or cemented
floor. For making a mix of 1:1.5:3, six boxes of aggregates
should first be measured and flattened on the platform,
then three boxes of sand should be spread on the
aggregate, and finally two full sacks of cement opened

on top. The material should first be mixed thoroughly in
the dry state so as to obtain uniform colour, and then
water should be added. The quantity of water should be
enough to make a soft ball of the mixed concrete in hand.
A wetter mix is better for hand compaction and a drier
mix is better when a vibrator is used for compaction. On
any account, water is excess of the 0.45 w/c ratio should
not be used. It is advisable to limit the w/c ratio to 0.4 in
coastal areas. If necessary, suitable plasticizers can be
used for enhancing the workability of the mix.
Formwork Not only the quality of the concrete surface
but also the strength of concrete depends on the quality
of the formwork and its imperviousness to the leakage or
oozing out of the water and cement through the joints.
A wooden or steel sheet formwork with well-formed
surfaces and joints between the planks or sheets should
be used. Water-resistant plywood for the skin of the
formwork provides a very good surface for concrete.
Placing of reinforcement While placing reinforcing
bars, the following points must be taken care of, otherwise
the structure will exhibit undefined weakness. Minimum
clear cover to the reinforcement: 20 mm to the bars in
the slabs, 25 mm to the bars in the beams, and 40 mm
to the bars in the columns. For achieving proper cover,
mortar blocks of the required size and quality should be
made. They should be properly installed between the
bars and the formwork. Tying the blocks with bars with
thin soft binding wire will ensure the proper placement of
the bars. Mortar bricks should be of good quality so that
they do not introduce local weakness below the rebars.
The following precautions are necessary while tying the
reinforcement cage.
• Tying of longitudinal bars with transverse bars and
stirrups and links at each crossing with soft binding wire.
• Minimum overlap in bars: 45 times the diameter of
the bar for plain mild steel and 60 times the diameter
for high-strength deformed bar. The overlapping portion
should preferably be wound with binding wire through the
lap length.
• Shape of links and stirrups: the ends of the bars
should be hooked by bending them through 180° in mild
steel bars and 135° in deformed bars.
• The binding wire should be turned inward after
binding so that it does not touch the erected formwork.
Casting and compacting concrete The concrete
should normally be cast in one continuous operation so
as to avoid discontinuity of more than one hour. Mixed
concrete should not be allowed to stay on the platform for
more than 45 minutes and must be placed in the forms
and compacted continually. Hand compaction must be
done by rodding through the freshly placed concrete.
Simply levelling the surface with trowels leaves voids in
the mass. It may be mentioned that lack of compaction
results in a large reduction of concrete strength; hence,
utmost attention s`hould be given to this factor. For
rodding, good results will be obtained by using 16-mmdiameter rods about 50 cm long. When vibrators are
used, formwork should be checked to ensure proper
watertightness and the capability to withstand vibration
effects.
- Balance Continue in Next Issue
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