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Abstract  
 

The effect of meteorological variables such as relative humidity, 

maximum temperature, and predominant wind orientation, as 

well as oxidant species on the variation of mechanical resistance 

to compression of the cylinders extracted from two electric 

transmission towers was investigated. The obtained results are 

compared with the mechanical strength to compression achieved 

in concrete cylinders prepared in the laboratory and submerged 

in solutions of nitric acid and sulfuric acid in concentrations 

taken from the statistical data of nitrous oxide and sulfurous 

present in the environment where have installed the towers under 

study. The results show a decrease in the mechanical strength of 

the exposed cores in the predominant direction of the wind and 

of the cylinders submerged in the solution with acids, concluding 

that both conditions favor the degradation of concrete properties. 
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Introduction  
 

One of the most significant effects of global climate change is 

the increase in the rate of deterioration of reinforced concrete 

structures due to the corrosion induced by carbonation Reference 

[1] shows with penetration, by diffusion from the external 

environment, the carbon dioxide reacts with the calcium 

hydroxide present in the hydrated concrete, forming the calcium 

carbonate. This reaction known as carbonation decreases the 

alkalinity of the concrete by breaking the passive film around the 

reinforcing rod that prevents corrosion [2]. 

 

Reference [3] conducted a study on structures of old and new 

bridges in three different locations in South Africa; considering 

the climatic conditions as relative humidity, temperature, and 

precipitation. Exposed elements such as parapets, pillars, walls, 

edges, to mention a few, were of particular interest because 

corrosion occurs in them because of high moisture content. The 
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optimum range of relative humidity (RH) for carbonation is 

between 50% and 75%. 

 

The study by [1] shows that the amount of rain would affect the 

surfaces of the concrete with erosion, as well as the diffusion of 

contaminants to the interior of the surface. The study is carried 

out in the cities of Toronto and Vancouver, considered as the 

most significant urban centers in Canada, developing a model to 

predict the effects of climate change on the carbonation of 

concrete. They conclude that the carbonation depth is higher in 

Toronto due to the low relative humidity, considered of 73.2%. 

Reference [4] investigated different aspects to determine the 

speed of corrosion and deterioration of some metallic materials, 

which constitute the distribution networks of electric energy, in 

various environments of the Brazilian coast. They implemented 

meteorological stations to help evaluate the aggressiveness of 

atmospheric pollutants, considering corrosive environments due 

to salinity and industrial pollutants and less aggressive in regions 

remote from the source of those pollutants. 

 

Reference [5] mention three kinds of geographic environments 

used within the transmission industry: non-polluted (rural), 

polluted (industrial) and coast. Due to the different corrosive 

characteristics, each environment will have different effects on 

the life of the lines and towers over the service life. The study of 

variables that influence the process of atmospheric corrosion is 

of fundamental importance since many materials present in daily 

life are susceptible to degradation [4]. 

 

According to the above, in this investigation the analysis of 

concrete deterioration is performed on the compressive strength 

values obtained from the foundations of two electrical 

transmission towers, evaluating different environmental 

variables and contaminant species present in the study area. 

 

Materials and Methods  
 

Of two electrical transmission towers, eight cylindrical concrete 

cores were obtained from the foundation. These are known as 

cores and are extracted by drilling the concrete mass with a thin-
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walled cylindrical drill [6], the diameter of these are 

approximately 7.5 cm by 15 cm in length, images of two cores 

are presented in Figure 1. 

 

 
 
Figure 1: Cores extracted from two electric transmission towers. 

 

This type of sample is obtained when there is doubt about the 

quality of the concrete in place, either because of a low value of 

resistance achieved during the construction or by signs of 

structural damage. However, one more use is to provide 

information about resistance in older structures [42]. The study 

samples were identified as T1C1, T2C1, etc., where T1 and T2 

represent the tower number from which they were extracted, C is 

the core, and the final number corresponds to the foundation of 

each leg of the reference tower, four for each one, Figure 2. 

 



Prime Archives in Material Science 

 

5                                                                                www.videleaf.com 

 
(a) 

 

 
 

(b) 

 

Figure 2 : Core extraction foundations: (a) T1C1, (b) T2C3. 

 

The samples T1C1 and T2C4 had defects, which can be seen in 

Figure 3. 
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(a) 

 

 
 

(b) 

Figure 3: Core defects: a) T1C1 and (b) T2C4. 

 

The standard further states that if the compression tests were 

performed using an ELVEC brand machine with a capacity of 

120 tons. The standard also says that if the length/diameter ratio 

of the samples is 1.75 or less, the value obtained is multiplying 

by the correction factor given in Table 1 should be corrected, 

interpolation is allowed [8]. 

 
Table 1: Correction factors. 

 
L/D 1.75 1.5 1.25 1.00 

Factor 0.98 0.96 0.93 0.87 

 

Corrosion due to carbonation usually occurs in reinforced 

concrete structures, especially in urban areas where there is 
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usually a high concentration of carbon dioxide in the air emitted 

by vehicles or industrial factories. The carbonation of concrete is 

defined as the chemical reaction between the carbon dioxide 

present in the atmosphere and the products of cement hydration 

[9]. 

 

A test to determine the depth of carbonation in the concrete is the 

use of a chemical indicator prepared by phenolphthalein in ethyl 

alcohol. This solution is colorless at pH values below 9, for 

values higher than nine it turns purple [10], [1]. 

 

In addition to the cores, 7 cylindrical samples measuring 15 cm 

in diameter by 30 cm in height were prepared with a design 

strength of 200 kg /cm
2
, following the specifications for 

foundations of electrical transmission towers dictated by the 

regulatory body in Mexico, Commission Federal Electricity 

CFE. The samples were demolding 24 hours after the casting and 

28 days were maintained in a curing room at 100% relative 

humidity with the controlled temperature between 20°C and 

25°C, these conditions are considered as conventional curing,  

 

 
(a) 
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(b) 

 

Figure 4: Molded cylindrical samples. 

 

These samples were identified as CS1-CS7 where C is a 

cylinder, Specimen S and number is for each sample, for test 

[8]ASTM C-39 was applied using an FIIC brand machine with a 

capacity of 120 tons. The compression tests of samples CS1, 

CS2, CS3, and CS4 were performed at 3, 7 and 28 days of 

regular curing. After this curing time, the CS5, CS6, and CS7 

samples were kept moist, testing the CS5 sample for seven days 

after that, while the CS6 and CS7 samples were subjected to a 

solution consisting of 0.10 ml of Nitric acid and 0.02 ml of 

Sulfuric acid for 7 and 28 days, respectively. The concentrations 

and type of acid were determined according to the data obtained 

from the pollutants present in the environment surrounding the 

towers under study. 

 

Results and Discussion  
 

The results of the compressive strength of the cores are 

summarized in Table 2. To obtain the mechanical compressive 

strength was divided the maximum load supported by the sample 

during the test, between its cross-sectional area, the 

length/diameter ratio for the sample T1C2 is 1.33, less than 1.75 

so it was necessary to make use of correction factors. 
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Table 2: Resistance to compression in cores. 

 
Sam

ple 

Diamet

er (cm) 

Heig

ht 

(cm) 

M

ass 

(kg) 

Lo

ad 

(kg) 

Resistan

ce 

(kg/cm2) 

Resistan

ce (MPa) 

T1C1 7.5 15 1.485 10500 237.6 23.3 

T1C2 7.5 10 0.974 15500 329.6 32.3 

T1C3 7.5 14.5 1.457 15080 341.3 33.4 

T1C4 7.5 15 1.496 18620 421.5 41.3 

T2C1 7.5 15 1.517 16110 364.6 35.7 

T2C2 7.5 14.8 1.502 18580 420.6 41.2 

T2C3 7.5 15 1.489 11100 251.3 24.6 

T2C4 7.5 15 1.474 7820 177.01 17.3 

 

The tendency of the concrete to increase its compressive strength 

with the passage of time, in structures in service, can be seen in 

the values obtained for the hearts T1C4 and T2C2. When 

comparing the results of the eight cores with the design strength 

of 200 kg/cm2 and according to applied standard, the obtained 

values of resistance are satisfactory since none of them is 35 

kg/cm2 smaller than the design resistance. It can be explained 

because, in the presence of water, it reacts with calcium 

hydroxide to generate calcium oxide and hydrated silicon the 

compound that is the key contributor to concrete strength. 

Supplemental complex formation during cement hydration due 

to the pozzolanic reaction can improve concrete properties such 

as strength and durability. The cement—pozzolan—water 

mixture is a complex system, consisting of many 

physicochemical processes that are influenced by temperature, 

mixing proportion, pozzolan reactivity, pozzolan particle size 

and other factors. The water in pores can also fracture the 

concrete by alternate freezing and thawing, thereby enhancing 

further water penetration. So the sample T2C4 presents a low 

resistance value compared to the other cores, in this sample, the 

fracture initiation was present before the test Figure 5. When the 

test was applied, the fracture followed the path of the defect. It is 

important to mention that cores are subject to variable ambient 

conditions in service and varying conditions after extraction. 

Cores are tested in the dry or wet condition, rarely in the 

saturated condition as the cylinders cured in the laboratory [12]. 
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Figure 5: The drift of T2C4 heart fracture. 

 

The diagram of Figure 6 shows the arrangement of the 

foundations of the transmission towers, including the 

nomenclature of the extracted core and its corresponding value 

of the results of mechanical resistance to compression obtained 

from the tests in kg/cm
2
. 

 

 
 
Figure 6: Distribution of foundations in transmission towers. 

 

According to the research carried out by [13], it is necessary to 

make a study of meteorological and environmental aspects that 

affect the area where the concrete structures are since the 

pollutants have variable proportions that depend on the 

proximity of emission sources, local conditions and the action of 
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the wind, which leads to the degradation of concrete structures in 

aggressive environments. Statistical information on parameters 

such as relative humidity (RH), wind speed, maximum 

temperature, minimum temperature and dominant wind direction 

was obtained for one year three months before the extraction of 

hearts [14]. Table 3 shows the average values of these 

parameters. 

 
Table 3: Prevailing meteorological variables. 

 

Varia

ble 

T max 

(°C) 

T min 

(°C) 

RH 

(%) 

Avg Speed 

(km/h) 

Dom. 

Dir. (°) 

 27.6 12.1 62.6 5.57 NO-SO 

 

Table 4 shows the average values of some contaminants to city 

Irapuato Guanajuato, the analysis of this data reveal that the 

dominant orientation of the wind comes from the west and the 

days in which it occurred correspond to the rainy season in the 

region. The city Irapuato Guanajuato, and cultivated land are in 

the dominant direction of the wind where the transmission 

towers under study are located. The city has an industrial 

environment, the contaminants present include nitrogen oxide 

and sulfur dioxide, which when reacted with water producing 

nitric and sulfuric acid. 

 

Table 4: Contaminants present in the study area [15]. 

 
Year SO2 (ppb) NO2 (ppb) PM10 CO (ppm) 

2008 12 116 43.6 -- 

2009 14 106 46.8 -- 

2010 11 64 42.1 4.5 

2011 16 116 54.0 -- 

 

The Portland is the first cement of the concrete is initially a 

mixture of calcium aluminate and calcium silicate both undergo 

hydration to generate the bond. The relative humidity for the 

occurrence of carbonation is between 50% and 75%, the value of 

62.6% of RH obtained in the study area, is within the ideal 

conditions for the occurrence of carbonation in the foundations 

of the towers of transmission. It is known that if the hydration 

reactions are not complete, then some of the not hydrated 

constituents may carbonate [3]. Consequently, we expect that a 
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particular competition between hydration and carbonation 

reactions may take place, the carbon dioxide dissolved in water 

forming carbonic acid, and reduces pH by dissociation to 

protons, and the bicarbonate ion: 

 

CO2+H2O→H2CO3 → H
+
 + HCO3

-
              (1) 

 

Ca
2+

+2HCO3 
-
→Ca(HCO3)2→CaCO3+CO2+H2O      (2) 

 

When the calcium carbonate precipitates, produce corrosion. The 

corrosion is measured by saturation index (SI) [16], which is 

defined by: 

 

SI = pH - pHs                              (3) 

 

Where pH is experimentally measured, and pHs is the pH value 

at which the water is in equilibrium with solid calcium 

carbonate. A positive SI indicates sufficient alkalinity and 

calcium carbonate will precipitate. The solution of 

phenolphthalein poured in the extracted cores, present a very 

marked purple coloration, as it shows Figure 7, which indicates 

carbonation present in the cores. 

 

Calcium hydroxide, leaches out of uncured Portland cement 

upon addition of water, forming an alkaline solution that 

produces an initially resistant passive film on the steel surfaces. 

During curing, water first reacts with the cement compounds, 

and the excess then evaporates out of the hardened structure 

concentrating the Calcium hydroxide solution in pores and voids 

and further increasing the corrosion resistance of the reinforcing 

steel. No damage occurs in dry concrete due to the absence of 

essential water. Nor is there much loss in continuous water 

saturated concrete because oxygen has less access through the 

liquid phase than through air in the concrete pores dissolved 

chlorides are essential in corrosion damage concrete [17]. 
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Figure 7: Test of phenolphthalein in tower number two hearts. 

 

The concrete is gravel with a mixture of sand to fill the pores 

space. That is still in the sand is full of a paste of cement and 

water. The cement is hydrated does not dry to form a bond inside 

the concrete. The experience marks the advantage of allowing a 

small percentage of air bubbles, this air improves the handling of 

the concrete during its placement but more important is that 

these increase the resistance of the concrete to the deterioration 

that results from freezing and thawing. If the aggregate is 
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stronger than cement, it is the property of the pulp that governs 

the properties of the concrete. Consequently, concrete having a 

low ratio of water to cement is more resistant than concretes with 

higher ratios. With low ratio, there is more hydrated cement and 

less excess water in the spaces. 

 

Cements 

 

Ca3Al2O6 + 6H2O → Ca3Al12(OH)12             (4) 

 

Ca2SiO4 + xH2O → Ca2SiO4. xH2O            (5) 

 

In each reaction, the hydrated product is less soluble than the 

cement. Therefore in the presence of water, the above reactions 

are solution and precipitation. Other types of cement are 

classified as polymeric and reaction hydraulics. Hydraulics are 

those that have hydration reactions similar to Portland cement. 

Inorganic polymer cement is silicic acid. xSi (OH)4 

 

Ca2SiO4 + (5-y+x)H2O → Ca2[SiO2.OH2 ]2.(CaO)y-1.xH2O + 

(3-y)Ca(OH)2 

 

Where x varies with the partial pressure of water and is 

approximately equal to 2.3 Sulfur oxides and nitrous oxides are 

nowadays reached in rural areas and with a higher incidence in 

urban areas. In areas of high environmental pollution and high 

rainfall, the pH reaches values close to 4, which is known as acid 

rain, which affects concrete structures [18]. 
 

The results of the compressive strength of the molded samples 

are summarized in Table 5. 
 

Table 5: Resistance to compression in molded samples. 

 
Sample Mass (kg) Load 

(kg) 

Resistance 

(kg/cm2) 

Resistance 

(MPa) 

Age 

(days) 

CS1 11.84 32000 181 17.8 3 

CS2 11.70 39000 220 21.6 7 

CS3 11.86 49000 277 27.2 28 

CS4 11.81 49400 279 27.4 28 

CS5 11.72 51000 288.6 28.3 35 

CS6 11.72 58000 328.2 32.2 86 

CS7 11.86 60000 339.6 33.3 107 
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The results of the investigation show the increase of the 

compressive strength under normal curing conditions in samples 

CS1, CS2, CS3, CS4, and CS5. However, the resistance of CS6 

and CS7 samples is affected when the acids solutions are 

applied. As the hydration continues, the concrete becomes harder 

and stronger, which occurs over the first month, but if there are 

adequate humidity and temperature, this continues more slowly 

for a more extended period, which exceeds thirty years in which 

a continuous increase in resistance has been reported. The 

increase in strength with age continues as long as the no 

hydrated cement is still present, the concrete remains wet, or the 

relative humidity of the air is above about 80%, and the 

temperature of the concrete remains favorable [12]. In Figure 8 

the exponential adjustment of the tendency to increase the 

compressive strength is presented in blue, considering the results 

of samples CS1, CS2, CS3, and CS4; while in red the values 

obtained from samples CS5, CS6 and CS7 are presented. The 

dots in purple indicate the compressive strength value for each 

core obtained. 

 

 

 
 
Figure 8: Compressive Strength – Time. 

 

This graph shows that the value obtained in sample CS5, once 

moistened, falls in the trend line of resistance increase for 
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normal curing conditions. However the values of the samples 

CS6 and CS7 are separated from this tendency, with which the 

presence of the acids causes the decrease of the value of 

mechanical resistance to compression. Also, the strength values 

of the cores in the prevailing wind direction are lower, 

concluding that these values are affected by the contamination 

conditions to which the transmission towers are exposed. It is 

important to mention that the actual age of the towers is ten years 

and that according to S. H. [12], higher values of resistance in 

the T1C1, T1C2, T1C3, T2C1, T2C3 and T2C4 cores would be 

expected. 

 

Conclusion  
 

The evaluation of the compression results in the cores indicates 

different conditions of exposure of the concrete in the same area 

of study. 

 

Pollution in the area surrounding the site of the transmission 

towers and the predominant wind direction in that direction are 

essential factors in the reduction of mechanical resistance to 

compression of cores. 

 

The application of phenolphthalein reveals damage in concrete 

and allows to distinguish between carbonation and damage by 

the presence of polluting species in the environment. 

 

The defect present in the core T2C4 affected the value of 

mechanical compressive strength and the trend of the fracture in 

this sample. 

 

The application of the nitric and sulfuric acids in the molded 

samples, affect the value of the mechanical compressive strength 

of these specimens. 
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