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Ýê¤ó¤ò£ ñìô
õíè¢è‹
Ü«ê£è êè¢óõ£¢î¢î¤ îù¢ Üóê ðó¤õ£óé¢èÀìù¢ ïè£¢ õôñ¢ õï¢¶ ªè£í¢®¼ï¢î££¢. ñè¢è÷¢
ñù¢ù¬ó Ýóõ£óî¢¶ìù¢, ºöè¢èñ¤ì¢´ õíé¢è¤ õó«õø¢øù£¢. Üð¢«ð£¶ õö¤ò¤ô¢ å¼ ¹î¢î ê£ñ¤ò££¢
Ü¬ñî¤ò£è Üñ£¢ï¢î¤¼ï¢î££¢.
Üõ¬óè¢ èí¢ì¶ñ¢ êè¢óõ£¢î¢î¤ îù¢ «îó¤ô¤¼ï¢¶ Þøé¢è¤ Üõó¤ìñ¢ ªêù¢Á Üõ¬ó õíé¢è¤ù££¢.
¹î¢î ê£ñ¤ò££¢ âï¢îõ¤î êôùºñ¤ù¢ø¤ êè¢óõ£¢î¢î¤¬ò ð££¢î¢î££¢. Ü«ê£è êè¢óõ£¢î¢î¤ Üï¢î ê£ñ¤ò£ó¤ù¢
è£ô¤ô¢ îù¢ î¬ô ð´ñ¢ð® ªï´ë¢ê£ù¢ è¤¬ìò£è õ¤¿ï¢¶ õíé¢è¤ù££¢. ð¤ù¢ù£¢ Üóí¢ñ¬ùè¢°
î¤¼ñ¢ð¤ù££¢.
õ¼ñ¢ õö¤ò¤ô¢ Üõ¼ìù¢ õï¢î Ü¬ñê¢ê£¢èÀè¢° Ü¬ñî¤ ªè£÷¢÷õ¤ô¢¬ô. Üóêó¤ìñ¢, “Üó«ê
î£é¢è÷¢ ñ¤èð¢ ªðó¤ò êè¢èóõ£¢î¢î¤, îé¢è÷¤ìñ¢ Üï¢î ðó«îê¤ ê£ñ¤ò££¢ ñó¤ò£¬îò£è ïìï¢¶
ªè£÷¢÷õ¤ô¢¬ô. î£é¢è«÷£ îé¢è÷¢ î¬ô¬ò Üõ£¢ è£ô®ò¤ô¢ ¬õî¢¶ õíé¢°è¤ø¦£¢è÷¢. âé¢èÀè¢°
ñ¤è¾ñ¢ õ¼î¢îñ£è à÷¢÷¶Ó âù¢øù£¢.
Üóí¢ñ¬ù ªêù¢ø¶ñ¢ Ü«ê£è£¢ îù¢ ñï¢î¤ó¤è¬÷ Ü¬öî¢¶ àì«ù ªêù¢Á å¼ Ýì¢®ù¢ î¬ô,
å¼ ¹ô¤ò¤ù¢ î¬ô, å¼ ñù¤îù¤ô¢ î¬ô Þñ¢Íù¢¬ø»ñ¢ ªè£í¢´ õ£¼é¢è÷¢ âù¢Á àî¢îóõ¤ì¢ì££¢.
ñï¢î¤ó¤èÀñ¢ êï¢¬îò¤ô¢ â÷¤î£è Üð¢«ð£¶ ªõì¢ìð¢ðì¢ì å¼ Ýì¢®ù¢ î¬ô¬ò õ£é¢è¤ù££¢è÷¢.
¹ô¤ò¤ù¢ î¬ô¬ò «î® è£ì¢®ô¢ å¼ «õìù¤ìñ¢ õ£é¢è¤ù££¢è÷¢. ²´è£ì¢®ô¢ ¹¬îð¢ðîø¢è£è Þ¼ï¢î
å¼ ñù¤îù¤ù¢ î¬ô¬ò ªõì¢® õ£é¢è¤ù££¢è÷¢. Íù¢Á î¬ô¬ò»ñ¢ Íù¢Á îì¢®ô¢ ¬õî¢¶ Í®
Üóêó¤ìñ¢¢ ªè£í¢´ õï¢î££¢è÷¢.
Üóêù¢ ñï¢î¤ó¤è÷¤ìñ¢ “Þï¢î Íù¢Á î¬ôè¬÷»ñ¢ ªè£í¢´ «ð£ò¢ ïô¢ô õ¤¬ôè¢° õ¤ø¢Á
õ£¼é¢è÷¢ âù¢ø££¢.
ñï¢î¤ó¤èÀñ¢ Üõø¢¬øè¢ ªè£í¢´ «ð£ò¢ êï¢¬îò¤ô¢ õ¤ø¢è ºø¢ðì¢ìù£¢.
Ýì¢®ù¢ î¬ô ñ¤è â÷¤î¤ô¢ õ¤¬ô «ð£ù¶. ¹ô¤ò¤ù¢ î¬ô¬òè¢ èí¢´ ñè¢è÷¢ Üë¢ê¤ù£¢. ñù¤îî¢
î¬ô¬òè¢ èí¢´ Ü¼õ¼î¢îù£¢. Ü¬ùõ¼ñ¢ õ¤ôè¤ê¢ ªêù¢øù£¢. è¬ìê¤ò¤ô¢ ¹ô¤î¢î¬ô¬ò å¼õ£¢
îù¢ õ¤ì¢®ô¢ ð£ìñ¢ ªêò¢¶ ñ£ì¢ì õ£é¢è¤ù££¢. ñù¤î¢ î¬ô¬ò õ£é¢°õ££¢ Þô¢ô£îî£ô¢ ñï¢î¤ó¤è÷¢
Ü¬ùõó¤ìºñ¢ ªèë¢ê¤ù£¢. Þôõêñ£è ªðø¢Áè¢ ªè£÷¢Àñ¢ð® Ãø¤»ñ¢ ò£¼ñ¢ õ£é¢èõ¤ô¢¬ô.
ñù¤îî¢ î¬ô»ìù¢ Üóê¬õè¢° î¤¼ñ¢ð¤ù£¢.
ñù¢ùó¤ìñ¢ õï¢¶, “Üó«ê Ýì¢®ù¢ î¬ô â÷¤î¤ô¢ õ¤¬ô «ð£ù¶. ¹ô¤ò¤ù¢ î¬ô ê¤óñð¢ðì¢´
õ¤ø¢«ø£ñ¢. âõ¢õ÷«õ£ ºòù¢Áñ¢ ñù¤îù¤ù¢ î¬ô¬ò õ£é¢°«õ££¢ Þô¢¬ô” âù¢Á õ¼î¢îî¢¶ìù¢
Ãø¤ù£¢.
Üóêù¢ “ñù¤îù¢ Þøï¢î ð¤ù¢¹ Üï¢î î¬ôè¢° ñó¤ò£¬î Þô¢¬ô âù¢ð¬î àí£¢ï¢î¦£¢è÷£?
àò¤¼ìù¢ Þ¼è¢°ñ¢ «ð£¶ ï£ù¢, âù¶ âù¢ø î¬ôè¢èíî¢î£ô¢ Ýùõñ¢ ªè£í¢´ àò£¢ï¢îõù¢,
î£ö¢ï¢îõù¢ âù¢Á «ðîñ¢ ªè£÷¢è¤«ø£ñ¢. ªõø¢ø¤ ªè£÷¢÷ ºòô¢è¤«ø£ñ¢.
îù¢Â¬ìò äñ¢¹ô¬ù Üìè¢è¤ îù¢¬ù ªõø¢ø¤ ªè£÷¢ðõ«ù àí¢¬ñò¤ô¢ ªõø¢ø¤ò£÷ù¢.
èì¾÷¤ù¢ ð¬ìð¢ð¤ô¢ Ü¬ùî¢¶ àò¤£¢è¬÷»ñ¢ êññ£è ð£õ¤ð¢ðõ«ù ë£ù¤. Üï¢î ë£ù¤¬ò î¬ô
õíé¢è¤ ðí¤õî¤ô¢ âùè¢° ñè¤ö¢ê¢ê¤«òÓ âù¢ø££¢.
ò£ù¢âù¶ âù¢Âñ¢ ªê¼è¢°ÜÁð¢ð£ù¢ õ£«ù££¢è¢°
àò£¢ï¢î àôèñ¢ ¹°ñ¢
- 				
- î¤¼è¢°ø÷¢
Üù¢¹ìù¢

º. «ñ£èù¢
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ñòòîî¬ôõ£ ñìô
õíè¢èñ¢ !
ñ¦í¢´ñ¢ Þï¢î ñìô¢ Íôñ£è àé¢è¬÷ êï¢î¤ð¢ðî¤ô¢ ñè¤ö¢ê¢ê¤. ñî¢î¤ò¤½ñ¢, ñ£ï¤ôî¢î¤½ñ¢ ïìï¢¶
º®ï¢î «î£¢îô¢ º®¾è÷¤ù£ô¢, ïñ¶ èì¢´ï£¢ êºî£òî¢î¤ø¢° ïô¢ô«î££¢ ºù¢«ùø¢øñ¢ è¤¬ìè¢°ñ¢
âù¢Á ïñ¢¹«õ£ñ¢. Þï¢î ñ£îñ¢ 14ï¢ «îî¤ ïñ¶ ñò¢òî¢î£ô¢ ïìî¢îð¢ðì¢ì GST èôï¢î£ò¢¾ Ãì¢ìî¢î¤ø¢°
Ëø¢Áè¢°ñ¢ «ñø¢ðì¢ì àÁð¢ð¤ù£¢è÷¢ èôï¢¶ ªè£í¢´ ðòù¢ Ü¬ìï¢îù£¢. ê¤øð¢¹ Ü¬öð¢ð£÷ó£è
Ü¬öè¢èð¢ðì¢ì Üì¢õ«èì¢ î¤¼. G. ïìó£üù¢ Üõ£¢è÷¢ ïñ¶ àÁð¢ð¤ù£¢è÷£ô¢ «èì¢èð¢ðì¢ì
GST ò¤ô¢ à÷¢÷ êï¢«îèé¢è¬÷ ñ¤èê¢ ê¤øð¢ð£è â´î¢¶¬óî¢î££¢.
«ñ½ñ¢ 19ï¢ «îî¤ ªêù¢¬ù ßè¢è£ì¢´ î£é¢èô¤ô¢ OLYMPIA INSPIRE èì¢´ñ£ùî¢ î÷î¢î¤ô¢
M/s. Hari Narayanan Structurals Üõ£¢è÷¢ àîõ¤»ìù¢ ïñ¶ êî£¢ù¢ ð¤ô¢ì£¢ Üøè¢èì¢ì¬÷ ãø¢ð£´
ªêò¢î èì¢®ì ªî£ö¤ô£÷£¢èÀè¢è£ù ñ¼î¢¶õ ºè£ñ¢ ñ¤èê¢ ê¤øð¢ð£è ï¬ìªðø¢ø¶. è¤ì¢ìî¢îì¢ì
200è¢°ñ¢ «ñø¢ðì¢ì ªî£ö¤ô£÷£¢è÷¢ ðòù¢ªðø¢øù£¢.ªêù¢¬ù Apollo Hospitals, Govt. Eye Hospital, ñø¢Áñ¢
Savitha Dental College «ð£ù¢ø ñ¼î¢¶õñ¬ùè÷¤ô¢ ì£è¢ì£¢è÷¢ îé¢è÷¢ àîõ¤ò£÷£¢èÀìù¢ õï¢î¤¼ï¢¶
ê¤è¤ê¢¬ê Ü÷¤î¢îù£¢. Üøè¢èì¢ì¬÷ò¤ù¢ ºôñ£è Ü¬ùõ¼è¢°ñ¢ ñ¼ï¢¶è÷¢ Íè¢° èí¢í£®è÷¢
Þôõêñ£èî¢ îóð¢ðì¢ì¶.
«ñ½ñ¢ 21ï¢ «îî¤ ïñ¶ ñò¢òî¢î¤ù¢ 69õ¶ ñè£ê¬ð Ãì¢ìñ¢ ªêù¢¬ù Ü«ê£è£ æì¢ìô¤ô¢
ï¬ìªðø¢ø¶. Þî¤ô¢ ªð¼ñ¢ð£ô£ù àÁð¢ð¤ù£¢è÷¢ Ãì¢ìî¢î¤ô¢ èôï¢¶ ªè£í¢´ ê¤øð¢ð¤î¢îù£¢.
22ï¢ «îî¤ ïñ¶ ñò¢òî¢î¤ù¢ Þóí¢ì£õ¶ ªêòø¢°¿ Ãì¢ìñ¢ ªêù¢¬ù Cosmo Politan Club ô¢ ï¬ìªðø¢ø¶.
Ãì¢ìî¢î¤ô¢ ïñ¶ ªêòø¢°¿ ñø¢Áñ¢ ªð£¶è¢°¿ àÁð¢ð¤ù£¢è÷¢, ê¤øð¢¹ Ü¬öð¢ð£÷£¢è÷¢ èôï¢¶
ªè£í¢´ ðô¢«õÁ ¶¬øè÷¤ô¢ à÷¢÷ ð¤óê¢ê¬ùè÷¢ ðø¢ø¤ õ¤õ£î¤è¢èð¢ðì¢ìù.
ïñ¶ êé¢èî¢î¤ù¢ Íôñ£è ¹î¤î£è ðîõ¤ ãø¢Á÷¢÷ ñî¢î¤ò Üó²è¢° õ£ö¢î¢¶è¢è¬÷ ªîó¤õ¤î¢¶è¢
ªè£í¢´ ê¤ô «è£ó¤è¢¬èè¬÷ ºù¢ ¬õè¢è à÷¢«÷£ñ¢. Üî¤ô¢ ªõ÷¤ï£´è÷¤ô¢ à÷¢÷¶ «ð£ù¢Á
Ü´è¢°ñ£® °®ò¤¼ð¢¹ ñø¢Áñ¢ îù¤ õ¦´èÀè¢°ñ¢ GST –ò¤ô¤¼ï¢¶ ºø¢ø¤½ñ¢ õ¤ôè¢° Ü÷¤ð¢ðîø¢°ñ¢,
Ü«î «ð£ù¢Á ï£ì¢®«ô«ò îñ¤öèî¢î¤ô¢ ðî¤¾î¢ ¶¬øò¤ô¢ à÷¢÷ ºî¢î¤¬óè¢ èì¢ìíñ¢ 7+4=11
êîõ¤è¤îî¢¬î 5 êîõ¤è¤îñ£è °¬øð¢ðîø¢° ñ£ï¤ô Üó²è¢° «õí¢´«è£÷¢ õ¤´î¢¶÷¢«÷£ñ¢. èìï¢î
ð¤ð¢óõó¤ 4ñ¢ «îî¤ îñ¤öè Üó² ªõ÷¤ò¤ì¢ì îñ¤ö¢ï£´ ªð£¶è¢ èì¢®ì õ¤î¤è÷¤ù¢ð® ïñ¢ñ£ô¢ èì¢®ì
ÜÂñî¤ ªðø Þòôõ¤ô¢¬ô.
¹î¤ò õ¤î¤è÷¤ù¢ð® èì¢®ì ÜÂñî¤ õöé¢°õ¬î õ¤¬óï¢¶ ªêòô¢ð´î¢¶ñ£Á îñ¤öè Üóê£é¢èî¢î¤ø¢°
«õí¢´«è£÷¢ õ¤´î¢¶÷¢«÷£ñ¢.
õ¤¬óõ¤ô¢ ïô¢ô º®¾è÷¢ ïñ¢ èì¢´ï£¢ ê«è£îó£¢èÀè¢° õï¢¶ «ê¼ñ¢ âù¢Á ïñ¢¹«õ£ñ¢.
SAVE WATER //

SAVE LIFE //

Üù¢¹ìù¢

S. Þó£ñð¢ð¤ó¹
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PERFORMANCE
&

MAINTENANCE
of

CONCRETE STRUCTURES

T

A.R.Santhakumar

Former Emeritus Professor,
Department of Civil
Engineering IIT Madras

he complex nature of the environment around a concrete structure affects its performance
and causes it to deteriorate. To enable the structure to perform throughout its service life, it
is necessary not only to improve the characteristics of the building material, but also to use good
architectural and structural techniques in addition to standard execution, inspection, and maintenance procedures. Serviceability can be ensured only if standard procedures are followed. The
concept of concrete durability and its performance is closely related to the action of the physical,
chemical, and biological agents of deterioration and the resistance mechanism provided by the
structure. The resistance mechanism does not develop automatically, but should be consciously
put in place by proper structural design, material selection, execution, and regular maintenance.
Figure 1 depicts the degradation of performance
of a structure with age, which is inevitable. It also
illustrates how by maintenance and/or repair the
level of performance can be raised periodically, so
that the intended service life is achieved, especially in structures in special environments. Note that
the level of performance is raised either by periodic
maintenance or by repair and rehabilitation of the
structure. The approach should include resistance
measures adopted to stop the agents promoting
deterioration (shown in Fig. 2). This will ensure
that the performance criteria listed in the figure are Fig. 1 Relationship between performance
and service life as affected by
satisfied.
It is evident that the combined transportation of maintenance, repair, and rehabilitation
heat, moisture from climate and chemicals (aggressive chemical ions, etc.) within concrete and from
the surroundings is the most important factor leading to the deterioration process. The transport of
water/moisture within concrete is the result of pore
type, size, and distribution in addition to the existing cracks (both micro and macro). Thus, controlling
both micro- and macro-cracks and pores is essential.

1.Water Transport Through Pores

Water, gases, moisture, and chemical ions get
transported through pores and cracks. The rate, extent, and effect of the transport process depend on
the pore characteristics (size and distribution) and
the cracks especially on the concrete surface. The
06 | Southern Builder

Fig. 2 Actions and resistance to
achieve performance

type, size, and distribution of pores are generally termed the pore structure. The parameters
which are important with respect to the pore structure are porosity, size, and distribution. Open
porosity indicates pores which are interconnected, through which the transport of liquids/gases is
possible. On the other hand, pore size distribution influences the rate of transport. Figure 3 shows
pore characteristics (such as micro capillary or macro pores) and size distribution. In particular,
capillary pores considerably reduce durability and have sizes between 10-7 and 10-4 m.

Fig. 3 Pore size distribution
The free surfaces of solids exhibit surplus surface energy due to the lack of binding components to the adjacent molecules. In cement paste pores, this surface energy causes the vapour
molecules to be absorbed into the pore surface. This increases the thickness of the water film
depending on the humidity within the pore. Figure 4(a) shows the simplified model of a pore, illustrating water absorption. At a particular pore size, as shown in Fig. 4(b), capillary condensation
takes place. Capillary condensation actually depends on the humidity in the air surrounding the
concrete.

Fig. 4 Capillary pore showing the binding phenomenom
Southern Builder | 07

Increasing the humidity of the surrounding air
causes pores of smaller sizes to fill with water and
the concrete to saturate. In such water-saturated concrete, there is practically no diffusion of gases (such as
CO2 or O2). Diffusion is induced by the differences in
concentration of chemical ions between the surroundings and either side of concrete as shown in Fig.
5. CO2 diffuses into concrete due to the chemical Fig. 5 Diffusion through porous concrete
reaction between CO2 and concrete at the pore wall
causing the concentration within the pore decrease. The diffused substances, such as chloride
ion in water, in the water film at the pore surface or in water-filled pores.
Owing to capillary suction in the splash zone (Fig. 6), saturation is quickly achieved. The
extent of capillary rise is determined by an equilibrium condition between the binding forces
and the weight of the water column (Fig. 7) in the capillary. Water loss due to absorption due to
suction is more rapid than the loss due to evaporation (drying) as shown in Fig. 8. In the case of
a continuously immersed structure, water is a major means of transport. Continuous transport
develops only when water evaporates at the surfaces. Different cases are indicated in Fig. 9. The
water transport depends on evaporation, capillary suction, and hydraulic gradient.

Fig. 6 Concrete model
affected by splash zone

Fig. 7 Capillary suction
caused by surface energy

Fig. 8 Alternate wetting and
drying of the surface layer

Fig. 9 Conditions faced by marine
structures:
1. Water transport by hydraulic
pressure and capillary suction,
2. transport of water and dissolved
ions,
3. evaporation of water,
4. crystalisation of solutes
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Along with water, dissolved ions of carbonates, chlorides, and sulphates are transported. They
are left behind in the evaporation zone, and hence a high concentration of ions develops there.
These dissolved agents recrystallize and lead to the efflorescence phenomenon. The structure
can have different levels of submergence as shown in Fig. 23.9. Figure 9(a) shows a marine
structure having a significant transport of water and ion. Figure.9(b) shows through the width
transportation of a slender marine structure the driving force being the hydraulic gradients and
Fig. 9(c) shows the absence of significant transportation in a fully submerged structure. Note that
there is no pressure head driving the transport mechanism.

2.Physical Deterioration Agents

Cracking occurs when tensile strain increases beyond the strain capacity of concrete. Tensile
strains are generated in concrete because of one of the following reasons.
(a) Movement generated within concrete—these may be due to drying shrinkage, temperature
change, and plastic settlement or shrinkage
(b) Expansion of the material inside concrete—this can be due to corrosion of steel or alkali–
aggregate reaction
(c)Externally imposed conditions—deformations imposed because of settlement of foundations
come under this category
(Fig. 10) lists the various causes of cracks. Figure 11 shows the ages at which various types of
cracks occur. Figure 12 shows examples of various types of cracks which generally occur due to
movement and volume changes in concrete. These cracks, known as intrinsic cracks, are classified and explained in Table 1.

Fig. 10 Causes of cracking

Fig. 11 Age of appearance of different
types of cracks

Fig. 12 Examples of
intrinsic cracks
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Table 1 Classification and explanation of intrinsic cracks
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Figure 13 shows the variation of restraint stresses and strength with age. It is seen that the
vulnerable period is a band between 2 and 4 hours, beyond which the strength is larger than the
stresses imposed. Figure 14 shows the ultimate tensile strain as a function of age. The vulnerable
period is again seen to be 2 to 4 h after casting.

Fig. 13 Behaviour of ‘young’ concrete

Fig. 14 Ultimate tensile strain as a function of age

Plastic shrinkage occurs in green concrete. It is caused by capillary tension in pore water. It
occurs 2 to 4 h after mixing. Shortly after the disappearance of wetness [Figs 15(b) and (a)], if
the losses by vapourization exceed the supply of bleed water, the capillary forces shown in Fig.
15(c) in the pore water are activated. Concrete slabs are prone to plastic shrinkage cracks. Parallel cracks in slabs at an angle of about 45° to the slab corner are typical. The spacing of these
cracks is generally in the 0.2 to 1 m range. Figure 16 shows typical ‘map cracking’ due to plastic
shrinkage. Typical crack widths are of the order of 2 to 3 mm at the surface.
Fig. 15 Behaviour of water in pores

Fig.16 Plastic shrinkage
cracks on the surface of
pavement and continuous
floor slab

Southern Builder | 11

Concrete bleeds during settlement. As
a result of gravitational forces, the concrete particles settle and the displaced
mixing water surfaces. If the settlement
of particles is hampered by reinforcement
[Fig. 17.a)], cracking occurs. Such cracks
are longitudinal and run parallel to the
reinforcement as shown in Figs 17(b)–(d).
Cracking caused by load may be due to
pure flexure, pure tension, shear, torsion,
bond, or concentrated load effects. Figure
23.18 summarizes the various forms of
cracking due to load effects.
Cracks occur due to the dissipation of
the heat generated during the hydration
of cement. The hydration heat of cement,
which evolves during the hardening process, has to be dissipated to the surrounding air. This becomes a problem, especially
in massive sections. A temperature gradient develops, from a maximum at the core
to a minimum at the air surface (Fig.19).
The condition of self-equilibrating internal
stresses shown in Fig. 20 develops. The
cracks that appear at the surface are generally map cracking.
If a structural element is stressed, especially by axial tension, partition cracks as
shown in Fig. 21 are formed, which penetrate the whole cross section of the element.

Fig. 23.17 Cracks due to plastic settlement

Fig. 18 Load-induced crack:
(a) pure flexure, (b) pure tension,
(c) shear, (d) torsion, (e) bond, and
(f) concentrated load
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Fig. 20 Self-equilibrating stresses due to
temperature gradient

If a structural element is stressed, especially by axial tension, partition cracks
as shown in Fig. 21 are formed, which
penetrate the whole cross section of the
element.

3. Frost Attack

Water in the pores freezes when the
temperature goes below zero. In such a
case the following physical process deter- Fig. 21 Cracking due to early thermal movement
mine resistance against damage.
(a) Transition from water to ice involves a volume increase of about 9%. This causes the
concrete to split if the pores are completely filled.
(b) The surface energy results in a reduction of the potential energy of the pore water, which
results in the depression of the freezing point; see Fig. 22(a). Even at (–) 60° only two-thirds
of the water freezes. A thin film of water still remains and lubricates the pore walls as shown
in Fig. 23.22(b).
(c) Transition from water to ice forces a large volume of water to evaporate [Fig. 22(b)].
(d) A hydraulic low pressure develops in smaller pores during cooling. This induces the diffusion
of the water that has not yet frozen from the smaller pores to the larger ones in the concrete
(Fig. 23).

Fig.24 shows the effect of air entrainment.
Artificial air pores not filled with water even
Fig. 22 (a) Depression of freezing point due
under full saturation are present in the case
to surface energy, (b) evaporation during
of air entrainment. However, these provide
cooling
expansion space for freezing water.
To prevent damage, a sufficient quantity of empty pores should be available to allow the water
to expand. The limit value of water content causing damage is defined as the critical degree of
saturation. This value depends on the following:
Age of concrete 			
Pore size distribution
Environmental conditions
Rate of cooling
Drying out between the freezing and thawing cycles
The application of a de-icing agent to a concrete surface
covered with ice causes a substantial drop in temperature
at the concrete surface during the thawing of the ice. The
difference in temperature between the surface and the
interior gives rise to a state of internal stress, which induces cracking at the outer layer of the concrete as shown in
Fig. 25. The de-icing agent influences the freezing point
significantly (Fig. 26). The change in content of the de-icing
agent with increasing distance from the surface and change
in temperature results in different layers freezing at different
times (Fig. 27). This causes scaling.
Fig. 24 Effect of air entrainment
Southern Builder | 13

Fig. 25 Distribution of tensile strain in
concrete experiencing thermal shock at
the surface due to the effects of chloride

Fig. 26 Effect of chloride on the freezing
properties of pore water

Fig. 27 Scaling due to
variation in the time taken
for the intermediate layer
to freeze

Aggregates which are not frost resistant absorb water, which expands during freezing and destroys the cement paste. This leads to local spalling and results in pop-outs (Fig. 28).
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Fig. 28 Pop-out due to non-frost-resistant aggregates

4 Erosion by Abrasion

Abrasion can be caused by flowing water containing debris or the grinding action of traffic and
especially pedestrians on floors. Such wear is common in dam spillways and river training works
and in structures protecting embankments, sea walls, or bridge piers.
If water devoid of any solids is flowing parallel to a concrete surface rapidly, any change of path
or obstruction causes flow detachment. Low pressures develop near such areas. Under these
circumstances, the pressure of the streaming water becomes less than the vapour pressure
and vapour-filled bubbles develop in this zone. These bubbles stream to zones where the static
pressure exceeds the vapour pressure of the water, the vapour in the bubbles condenses and
then they collapse suddenly. This implosion causes an impact and pressure waves develop. This
process is generally known as cavitation and results in damage—pitting and excavation on the
concrete surface.
The abrasive wear resistance of concrete is borne by the coarse aggregate, which protects
the mortar against mechanical wear. However, erosion against cavitation is borne by fine-grained
mortar.

5 Chemical Attack

The durability of concrete gets affected seriously by chemical attack, which happens as a result of the reaction between aggressive substances (ions or molecules) and the ingredients of
concrete. However, whether aggressive substances enter concrete from the atmosphere or are
already present in it, they have to be transported to meet the reactive part of concrete for starting
the reaction. If no transportation takes place, there will be no reaction. Therefore the precondition
for a chemical reaction to take place is the presence of water in some form (moisture or gas). The
reactions that lead to deterioration are
(a) the reaction of acids, ammonium salts, magnesium salts, and soft water with the hardened
cement,
(b) the reaction of sulphates with the aluminates in concrete, and
(c) the reaction of alkali with the reactive aggregates.

5.1 Acid Attack

The action of acids on hardened concrete is the conversion
of calcium compounds into the calcium salts of the attacking
acid. Hydrochloric acid with concrete produces calcium chloride; sulphuric acid with concrete produces calcium sulphates,
which precipitate as gypsum; and nitric acid with concrete gives
rise to calcium nitrate, which is very soluble. As a result of these
reactions, the structure of concrete gets destroyed (Fig. 29).
The rate of the reaction depends on the solubility of the calcium salts that get formed. The less soluble the salts, the more
passive the reaction. If the salt is soluble, the rate of reaction
depends on the rate of dissolution of the salts.
Acid attacks completely convert the hardened cement paste,
destroying the pore system. Therefore, in the case of acid attack, the permeability of sound concrete is less important compared to the reactions that take place. However, in the case
of the attack by sulphates and alkalis, permeability is of great
importance as described below.

Fig. 29 Effect of acid attack
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5.2 Sulphate Attack

Sulphates attack only certain compounds
in cement. They react with hydrated calcium aluminate to form ettringite and with free
calcium ions to form gypsum. These compounds have greater volumes than the reactants, and causes the concrete to expand.
This expansion leads to cracking with an irregular pattern (Fig. 30). This gives easier
access to sulphates for further penetration.
The process continues till the complete disintegration and destruction of concrete. The
cracking and disintegration depends on
(a) the exposure condition, i.e., the amount
of aggressive substance,
(b) the permeability of concrete,
Fig. 30 Effect of sulphate attack
(c) the susceptibility of concrete (type of
cement), and
(d) the amount of water available.
Concrete can be protected either by the use of sulphate-resisting cement or by making it highly
impermeable. Limiting aluminates in cement ensures protection against sulphate attack.

5.3 Alkali Attack

Alkalies only attack the reactive aggregates in concrete. The reactive substance in this case
is not cement (as in sulphate attack) but aggregates, which contain silica. The alkaline solution
in the pores is lime saturated and contains potassium and sodium ions. Silica-containing aggregates react with this alkaline solution leading to disruptive expansion (Fig. 31). Visible map
cracking, pop-outs, and weeping of glassy pearls are the various manifestations of this problem.
The reaction depends on
(a) the reactivity of aggregates based on the pressure of reactive amorphous silica,
(b) the grain size of aggregates,
(c) the alkali calcium concentration in the pore water,
(d) the type of cement,
(e) the exposure condition,
(f) the amount of water available, and
(g) the rate of transport.
The use of blended or slag cement limits the reaction by limiting the presence of alkaline solution in the
pore water. Good curing helps in reducing the permeability (Fig. 32) and thereby controls the alkali–silica
reaction.
Fig. 31 Effect of alkali–silica reaction
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6 Environment Aggressivity

The general atmospheric condition near
the building has less importance. The local
climate within centimetres (micro-climate)
and the conditions around the foundation,
piles, and submerged parts have a decisive influence on the durability of structure.
As explained earlier, all processes
which involve the degradation of the pore
structure need water. Under varying climatic conditions, the internal average humidity is greater than the average ambient
humidity. This is true during wetting and
drying. Table 2 indicates the influence of
relative humidity on the different degrading
processes. As an example, the effect of
relative humidity on aggressivity is shown
in Fig. 33.

Fig.33 Effect of moisture in terms of
relative humidity on damage risk

Fig. 32 Influence of blending
agents on permeability

Table.2 Influence of moisture state on durability

*0 = insignificant risk; 1 = slight risk; 2 = maximum risk; 3 = high risk.
Fig.33 Effect of
moisture in terms of
relative humidity on
damage risk

Fig. 34 Influence
of temperature on
aggressivity of
environment

The atmospheric temperature increases the aggressivity of chemicals on concrete. Chemical
reactions are accelerated by increase in temperature. A 10°C increase doubles the reaction rate.
Figure 34 shows aggressivity as a function of mean annual temperature.
The availability of moisture, the presence of aggressive substances, and the temperature level are the main factors which determine the nature of the micro climate. It is also necessary to
consider the interaction among these factors. Corrosion of steel is an example in which all these
factors contribute towards increasing the aggressivity.

6.1 Aggressivity in Underground Structures

Soils may contain both sulphates and chlorides. High temperature and high humidity, a regular
feature of Indian climate, further aggravate the situation. Under such conditions, the choice of tricalcium alumina content becomes difficult. Blended cements have low permeability to chlorides.
Hence, one can specify dense homogeneous concrete with low tricalcium alumina cement plus
slag or pozzolanic material or an equivalent blended cement for resisting the combined attack of
sulphates and chlorides.
Soil frequently gets contaminated with fertilizers (sulphates) and sometimes mineral oils. Mineral oils containing acidic components should be considered aggressive.

6.2 Marine Environment

Seawater contains many dissolved salts. The concentration of these salts varies from place to
place. The total salt content is approximately 35 g/L. Fig.35 gives the typical relative concentrations of various ions in the Atlantic Ocean. In addition, seawater contains dissolved oxygen and
CO2. The micro-climate of a marine environment is shown in Fig.36. The exposure experienced
by a structure in a marine environment can be broadly grouped as follows.

Fig. 35 Typical ionic concentration of salts in the
Atlantic Ocean
Marine atmospheric zone Concrete is never directly in contact with water but receives windblown, salt-laden mist. Based on the prevailing wind, this zone may extend many kilometres into
the land. IS: 15498-2004 indicates that cyclonic storms, and hence weather, can extend up to 60
km from the coast line. The most common forms of deterioration in this zone are
 corrosion of reinforcement (chlorides)
 frost damage (cold climate)
Marine splash zone This zone exists above the high-tide line but is subject to direct wetting by
seawater from waves and sprays and may become dry. Common forms of deterioration:
 corrosion of reinforcement (chlorides)
 abrasion (wave action)
 frost damage
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Marine tidal zone This zone lies between the high-tide and low-tide lines. The concrete experiences both submerged conditions and wetting and drying in this zone. Common forms of
deterioration:
 abrasion (waves)
 corrosion (chlorides)
 frost damage (cold weather)
 biological fouling (seaweeds)
 chemical attack (sulphates, etc.)
Marine submerged zone This zone lies below the low-tide line. Concrete in this zone is continuously in a submerged condition.
Marine seabed In this zone, the concrete is in contact with sand or soil and is also continuously
submerged. The common forms of deterioration in the submerged zone and the seabed are
 chemical attack
 biological fouling
These forms of deterioration are summarized in Fig. 37.
Experience suggests that the greatest risk of corrosion lies in the splash zone. The risk rapidly
decreases towards the submerged zone (Fig. 38).
Marine growth (fouling) can occur in sea-front structures. The effect is physical. The inertia of
the members covered with fouling must be considered in design. Maximum growth occurs near
a sewage outfall, where large quantities of nutrients are available. Figure 39 shows the approximate thickness of marine growth and its variation with depth from the mean sea level (msl). The
chemical processes involved in the deterioration of concrete in a marine atmosphere are summarized in Fig. 40.

Fig. 38 Corrosion risk in marine
environment at various levels

Fig. 37 Deterioration of concrete structures near
sea environment
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7. Strength of Concrete Exposed to High Temperature and Fire

The strength of concrete exposed to high temperature is of interest in the cases of both sustained effect as well as shock effect (fire).
The compressive and splitting tensile strengths of concrete made with limestone aggregates
exposed to high temperature for 1 to 8 months are shown in Fig. .41. A steady loss in strength
can be noticed with increase in temperature. The strength loss has been observed to be more
with richer mixes than with linear mixes. Also, lightweight concrete exhibits lower loss of strength
compared to normal-weight concrete. High-strength concrete suffers a greater loss in strength
with increasing temperature compared to normal concrete. Concrete containing silica fumes may
exhibit explosive spalling when associated with high temperature.
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Fig. 41 Influence of temperature on
compressive and tensile strength of
concrete

Fig. 42 Influence of temperature on modulus of elasticity

The influence of temperature on the modulus of elasticity is shown in Fig. .42. The variations
of strength and modulus with temperature show the same trend.
The assessment of the behaviour of a concrete structure on fire depends on many factors, the
most important being the applied loads on the structure,
the elevated temperature of concrete, and the mechanical properties of steel and concrete at those temperatures. Fire increases the temperature of both steel and
concrete. This leads to increased deformation and possible failure depending on the applied loads and support
conditions.
Initially, when heated to 100°C, the density of most concrete decreases by 100 kg/m3 due to the evaporation of
Fig. 43 Thermal conductivity
free water. This has a minor effect on thermal response.
of concrete
The thermal conductivity of concrete is temperature dependent. It decreases with increase in temperature as
shown in Fig. 43.
The specific heat of concrete also varies with moisture content. The peak occurs between
100°C and 200°C. An average value of 100 J/kg K is appropriate for dry concrete.

8 Radiation Shielding

Concrete, both normal and high-density, is effective for shielding radiation. The density of normal-weight concrete is about 2500 kg/m3 to 3800 kg/m3. Concretes of density up to 5300 kg/m3
have been produced. These are excellent shielding materials for neutrons and gamma rays. They
have the necessary mechanical properties and can be made relatively cost effective compared to
lead. They are easy to maintain in nuclear plants. The heavy aggregates in such concretes occur
naturally and can also be manufactured. Heavier aggregates occur in the form of smelted metal.
The commonly employed heavy aggregates are barite, magnetite, limonite, hematite, etc. Steel
and iron aggregates in the form of shots and scrap shavings can also be used. The aggregates
are chosen based on their availability.
The capacity of concrete to absorb gamma rays is proportional to their density; hence heavy
aggregates are preferred for radiation shielding. Table 3 summarizes the properties of heavy
aggregates.
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Table 3 Properties of high density concrete

Structural strength is required even at elevated temperatures for shielding concrete. This is
achieved by controlling the w/c ratio and the other techniques mentioned earlier.
High-density concrete is placed by pre-placing techniques. Coarse aggregate is placed first
and then the grout is injected. All the procedures and methods of handling materials and the
precautions discussed in an earlier chapter in connection with the production and control of conventional concrete should be followed when producing heavyweight concrete of required quality.
Thispaper discussed the behaviour of concrete under special environmental conditions. It
highlighted the transport mechanics of water in the pores of concrete. It discussed the physical
process involved in development of cracks. It then explained the behaviour and deterioration of
concrete under various chemical processes and elaborated on the influence of the marine atmosphere on the durability of concrete and its behaviour when exposed to high temperature or fire.
Finally, the use of heavy-duty concrete for radiation shielding was also discussed.
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BUILDERS ASSOCIATION OF INDIA

(All-India Association of Engineering Construction Contractors)

SOUTHERN CENTRE

Estd1941

“Casa Blanca”, 2nd Floor, No.11(Old No.6), Casa Major Road,
Egmore, Chennai – 600 008, Ph: 2819 2006, Telefax: 2819 1874)
Web site :www.baisouthern.com | E-mail: baisouthern1950@gmail.com

Üù¢ð££¢ï¢î àÁð¢ð¤ù£¢èÀè¢°,
Üè¤ô Þï¢î¤ò èì¢´ï£¢ õô¢½ï£¢ êé¢èî¢î¤ù¢ ªð¼¬ñ ñ¤° ªîù¢ùè ñò¢òî¢î¤ù¢ è¾óõ
ªð£¼÷£÷ó£è ñ¦í¢´‹ «î£¢ï¢ªî´î¢î¬ñè¢° âù¢ ºîø¢èí¢ ïù¢ø¤¬òî¢ ªîó¤õ¤î¢¶è¢ ªè£÷¢è¤«øù¢.
ïñ¶ ñò¢òî¢î¤ù¢ õô¤¬ñ ªð¼è¾ñ¢ ï£ñ¢ åù¢Áðì¢´ àÁð¢ð¤ù£¢è÷¤ù¢ Þì£¢ð£´è÷¢ ï¦é¢è¤ì¾ñ¢ Þï¢î
õ¼ìºñ¢ àé¢è÷¤ù¢ ïô¢ô£îó¾ ªî£ì£¢ï¢¶ è¤¬ìè¢è «õí¢´ñ¢ âù¢Á «èì¢´è¢ªè£÷¢è¤«øù¢. «ñ½ñ¢
ñò¢òî¢î¤ø¢° ï¤óï¢îó àÁð¢ð¤ù£¢è¬÷ Üî¤è Ü÷õ¤ô¢ «ê£¢è¢è àî¾ñ£Á «èì¢´è¢ ªè£÷¢è¤«øù¢.
àé¢è÷¤ù¢ «ðó£îó¾ñ¢, àé¢è÷¤ù¢ áè¢èºñ¢ «ê£¢ï¢îî¤ù£ô¢î£ù¢, Üè¤ô Þï¢î¤ò Ü÷õ¤ô¢
àÁð¢ð¤ù£¢è÷¢ âí¢í¤è¢¬èò¤ô¢ Üî¤èñ¢ ªðø¢ø ñò¢òñ¢ âù¢ø ªð¼¬ñè¢è£ù õ¤¼¬î ªî£ì£¢ï¢¶
ªðø¢Á õ¼è¤«ø£ñ¢ âù¢ð¬î ñ¤è¢è ñè¤ö¢ê¢ê¤»ìù¢ ªîó¤õ¤î¢¶è¢ªè£÷¢è¤«øù¢. Þï¢î àÁð¢ð¤ù£¢
âí¢í¤è¢¬è¬ò «ñù¢«ñ½ñ¢ àò£¢î¢î¤ Þï¢î õ¼ìºñ¢ Üî¤è àÁð¢ð¤ù£¢è¬÷ «ê£¢î¢î ñò¢òñ¢
âù¢ø ªð¼¬ñ¬ò ªðø Ýîó¾ îó «õí¢´ñ¢ âù¢Á àé¢è÷¢ Ü¬ùõ¬ó»ñ¢ âù¢ Þ¼èóñ¢ Ãð¢ð¤
ñ¤°ï¢î Üù¢¹ìù¢ «èì¢´è¢ªè£÷¢è¤«øù¢.
Ýí¢´ êï¢î£ àÁð¢ð¤ù£¢è÷¢ 2019-2020ñ¢ Ýí¢®ø¢è£ù êï¢î£î¢ªî£¬è¬ò Þï¢î õ¼ìñ¢
àìù®ò£è ªîù¢ùè ñò¢ò Ü½õôèî¢î¤ô¢ ªê½î¢î¤ àÁð¢ð¤ù£¢ «ê£¢è¢¬è¬ò ¹¶ð¢ð¤î¢¶è¢
ªè£÷¢Àñ£Á ðí¤õù¢¹ìù¢ «èì¢´è¢ªè£÷¢è¤«øù¢. êï¢î£î¢ªî£¬è¬ò ðíñ£è«õ£ Üô¢ô¶
è£«ê£¬ôò£è«õ£ “ð¤ô¢ì£¢ú¢ Ü«ê£ê¤«òûù¢ Ýð¢ Þï¢î¤ò£” âù¢ø ªðòó¤ô¢ «ñø¢èí¢ì õ¤ô£êî¢î¤ø¢°
«ïó®ò£è«õ£ îð£ô¢ Íôñ£è«õ£ ÜÂð¢ð¤ ¬õè¢°ñ£Á «èì¢´è¢ªè£÷¢è¤«øù¢.

2019-2020 Ýñ¢ Ýí¢®ø¢è£ù àÁð¢ð¤ù£¢è÷¢ êï¢î£ õ¤ðóñ¢
õ.âí¢

õ¤õóñ¢

àÁð¢ð¤ù£¢ «ê£¢è¢¬è
ªî£¬è

1

ï¤óï¢îó àÁð¢ð¤ù£¢ «ê£¢è¢¬è ªî£¬è (Patron Member Fees) (ï¤óï¢îó
àÁð¢ð¤ù£¢èÀè¢° ¹¬èð¢ ðìî¢¶ìù¢ Ã®ò àÁð¢ð¤ù£¢ Ü¬ìò£÷
Üì¢¬ì»ñ¢, ê£ù¢ø¤î¿ñ¢ õöé¢èð¢ð´ñ¢)

2

¹î¤ò õ¼ì£ï¢î¤ó àÁð¢ð¤ù£¢ èì¢ìíñ¢ (ê£ù¢ø¤îö¢ ñì¢´ñ¢ õöé¢èð¢ð´ñ¢)

Rs.3,745/-

2

àÁð¢ð¤ù£¢ ¹¶ð¢ð¤î¢îô¢ èì¢ìíñ¢ (ê£ù¢ø¤îö¢ ñì¢´ñ¢ õöé¢èð¢ð´ñ¢)

Rs.3,627/-

Rs.29,700/-

«ñø¢èí¢ì èì¢ìíî¢¬î Electronic Clearing Service (ECS) Íôñ£è¾ñ¢ è¦ö¢ èí¢ì õé¢è¤è¢°
ªê½î¢îô£ñ¢.
ðíñ¢ ªê½î¢î¤ò õ¤õóî¢¬î ïñ¶ Ü½õôèî¢î¤ø¢° ªîó¤õ¤è¢°ñ¢ð® «èì¢´è¢
ªè£÷¢è¤«ø£ñ¢.
Bank		
Acc Name
Branch
Current A/c
IFS CODE

:
:
:
:
:

Indian Bank
BUILDERS ASSOCIATION OF INDIA
Egmore, Chennai – 600 008
455121461
IDIB 000E004

Þ¬íð¢¹								
1. àÁð¢ð¤ù£¢ ð®õñ¢
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Þð¢ð®è¢°,
àé¢è÷¢ Üù¢¹÷¢÷

R. ð££¢î¢î¤ðù¢¢

è¾óõ ªð£¼÷£÷£¢
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BAI Media Focus

Can A Word Be Its Own Opposite?
Yes! They are called *contronyms*-words that are their own antonyms,
depending on usage.
Here are a few examples
*Dust* can mean ‘to add fine particles’ or ‘to remove fine particles’.
*Left* can mean both ‘remaining’ and ‘departed’.
*Off* can mean both ‘activated’ and ‘deactivated’.
Eg: “Set off” - Activated | “Switch off” - Deactivated
*Oversight* means both ‘watchful care’ and ‘an inadvertent error’.
*Screen* can mean both ‘to show’ and ‘to hide’.
44 | Southern Builder

NEW PATRON MEMBERS

Mr. M. Subramaniyan
M/s. Krithikaa's Reliance
Builders & Estates
No.39/9, Arunachalam Road
Saligrammam
Chennai - 600093
45583656 / /9841051156

Mr. S. Sathish Kumar
M/s. Huiyu Constructions
& Development (P)
No.10, 1st Floor
Mooker Nalla Muthu Street
Parrys,Mannady,
Chennai – 600 001
8667716610

Mr.M. Subramani
No.165, G.A. Road
Tondiarpet
Chennai - 600 021
988456999
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