
1 Sampling and characterization of the Elogio del Horizonte (E. Chillida) 

1.1 Information on the monument 

Location: Gijón, Asturias, Spain. 43°32'57.1"N 5°39'46.9"W 

Construction: 1989 

Authors: Eduardo Chillida Juantegui, Sculptor.  

Collaborators: Jose A. Fernández-Ordóñez, Engineer, Entrecanales y Tavora SA, Main Contractor, 
Bereciartua, Carpenter of formwork.  

Property: Gijón City Hall. 

    

  
Figure 7.1 a), b) and c). Aerial views of site and view of the monument  

 

1.1.1 Description of the monument 

The main dimensions of the sculpture are: 
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 Width  12.500 cm 
 Length   15.500 cm 
 Hight  10.000 cm 
 thickness    140 cm 

 
The sculpture has the catalogue reference 1989.070 in the Eduardo Chillida and Pilar Belunze 
Foundation. 
 
The 9th of June the sculpture was open to the public. The author, Eduardo Chillida (San Sebastian, 

Spain 1924-2002) had in the horizon one of his fundamental theme in his work. In 1956 he made a 

first attempt in iron that was titled “del horizonte” (about the horizon). However, the idea of placing 

a large-scale work next to the sea to honor the horizon arose around 1985. First, Chillida created 

three small-format iron sculptures that were planned as projects of a great monumental work that 

“looked” on to the horizon. 

     

Figures 7.1.1 a), b) and c). Original proposals for the sculpture 

He studied various locations, until he was invited by the architect Paco Pol, who was urban 

remodeling the hill of Santa Catalina. Once Knowing this place and opportunity he considered it the 

ideal site for his project. From this special viewpoint the work “looks” towards the sea and dialogues 

with the different elements of the landscape. The sculpture acts as mediator between the viewer and 

the cosmos. The artist with his work occupies a place, delimits it and invites us to enter it. The 

sculpture is shaped like an arch that connects sky, sea and land and leads our gaze towards the 

unknown. 

The praise of the Horizon was one of Chillida’s most ambitious projects and entailed a complex 

realization. For its realization the artist chose reinforced concrete, a material that allowed him to 

expand the size of his work in iron. The final size of the sculpture was conditioned by the scale of the 

place and is also linked to the human scale. The sculptor created a model scaled 1: 1 in a lightweight 

material that made possible the adjustment of the wooden formwork.  
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Figures 7.1.1 d), Chillida in the center of the 1:1 porexpan (expanded polystyrene) model,  7.1.1.e) 

view of the model previous to the placement of the formwork, and 7.1.1. f) f. The formwork placed 

on the surface. 

To form it thousands of splints and tens of thousands of screws were used. The work required great 

precision due to its complexity, and because it was pre-formed in a warehouse, unmounted and later 

was assembled in the definitive location to proceed with the setting of the steel reinforcement bars 

and with the concrete pouring. The pouring was set in one single and two day long nonstop 

operation, so that there were no phase joints in the whole sculpture. After a week the formwork was 

detached piece by piece and them diluted sulfuric acid was applied to the surface. 

  

Figure 7.1.1.g) and e). Diluted sulfuric acid applied to the concrete surface. 

 

Materials used : We were able to find some construction notes from the contractor in which stated 

that the concrete had the following dosage: 

 



   

 

4 

 

 

 Cement:   P-450-ARI  de Valderribas.  400 Kg/m3 
 Gravel:   Jaspe nº7 de Paracuellos 840 Kg/m3 

Jaspe nº5 de Paracuellos 201 Kg/m3 
 Sand:   Arena roja de Novelda  531 Kg/m3 
 Additives:  Foundry chips   200 Kg/m3 

Plasticizer  
 Water       180Kg/m3 

 

Water/cement relation: 0,43. They obtained a strength of 200 Kg/cm2.  

 

Degradation problems: multiple cracks, mostly in the lower parts of the cantilevered “arms”, In these 

areas there are plaque formation (the bars are already corroded and expanded, and had made a 

breakage plane, but the concrete hasn’t still fallen), some of which had ended in material loss and 

biological colonization. Also, in some areas steel bars without covering are visible showing corrosion.  

 

Figure 7.1.1.g) Section of the cantilevered “arm” and 7.1.1.h) view of the plaques that fall out in the 

lower part. 
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Figure 7.1.1.i) bottom plan of the main cantilever showing the planks taken as sampling for testing 

in the laboratory. 

From the analysis of the main degradation areas and the information obtained from the surface it is 

deduced that the areas deteriorated are the ones in which the reinforcement bars were placed 30 

mm or less from the surface. 

 

 

 

Figure 7.1.1j). Unfolded surface of the sculpture. Measures of the depth of the covering. Dots in red 

means 0-10mm depth, violet 10-20 mm, and blue 20-30 mm 
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Previous conservation interventions: Painted in the lower parts due to previous vandalism and 

graffiti.  

 

Constructive details:   

 

 

1.1.2 The Site 

The site is the natural peninsula of Cimadevilla, origin of the city of Gijon. The site is National Heritage, 

was bought by the city council in 1982 in order to create a public park.  Although the military 

infrastructure there is known presence of different temples. In the XIII century the brotherhood of 

seamen “Cofradia de mareantes”  build an hermitage near  a watchtower of whalers. This was the sole 

building that survived the 1395 assault. Only in the XIX century the site is use as a military 

emplacement, mostly cannon batteries, never used, and promptly outdated. 
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Figure 7.1.2. a). Plan of the Cimadevilla Peninsula, origin of Gijon in 1635. On the top of the hill the 

hermitage and watchtower of whalers. Nowadays the place of the sculpture “Elogio del horizonte” 

 

1.1.3 Environmental conditions 

The Sculpture is placed in Gijón, an industrial urban area in the north of Spain, at the border between 

the Atlantic Ocean and the city. Gijon Region has a temperate oceanic climate, typical of the Atlantic 

coast of Spain, with cool summers and wet and mostly mild winters. 

The onshore flow from the Atlantic Ocean creates a cool summer and mild winter climate where 

severe heat and very cold temperatures are rare. Humidity is high year-round. 

Summer temperatures are very consistent as proven by the fact that the all-time warmest month of 

August 1997 had an average temperature of 20.9 °C and no month has ever been recorded at an 

average high above 24.7 °C in comparison to the 23.2 °C August normal high. Another clear 

underlining of the marine influence is that the coolest ever August has been as near the average as 

17.9 °C. 

 

 



   

 

8 

 

 

1.2 Sampling activities 

A full project of the sampling activities was needed to be delivered to the Municipality for previous 

approval. The approval was needed from CH commission, police, Cultural and arts responsible, and 

from Gardens maintenance teams. Also, it was needed for approval a specific project and 

designation of a technician taken full responsibility of the security and health at work site, during 

sampling. 

Also, the City Hall ask to remove all the planks that could be still in place but could fall without 

control. Mostly in the cantilevered arms of the sculpture. These planks were recorded and removed, 

for its transfer to the Instituto Torroja testing laboratory.  Almost all the surface of the sculpture has 

been tested with different methods. 

For the Sampling campaign there where designed two basic different types of testing: Surface non-

destructive testing and extracted sampling for the laboratory testing (all laboratory tests were 

carried out by Instituto Torroja in Madrid. 

With the information obtained from the original models were drawn plans of the surface, in order to 

program the texting and recollect all the information.  At site it was clear that the linear marks of the 

timber planks of the work form laydown a vertical regular pattern that could be use in order to create 

a grid to place the data obtained, and the visible damage. The timber planks had a width of 30 cm.  

    

Figures 7.2.a) Making the grid. 
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1.2.1 3D laser scanner 

A 3D laser scanner of the monument was undertaken in order to place on it all the information and 

also to draw plans of the actual volume of the sculpture.  

   

Figure 7.2.b) 3D Laser scaner of the sculpture and Figure 7.2.c) 3D model obtained. 

1.2.2 Schmidt hammer 

The surface has been tested with the Schmidt hammer in a grid of 90 cm (3 timber planks wide) by 

100 cm in height. The envelope of the sculpture was divided in 14 different areas. The main purpose 

of this non-destructive test is to correlate the concrete compressive strength values, if possible, 

obtained from the destructive tests undertaken from the extracted samples. This test, enables having 

a vision of the homogeneity or heterogeneity of the structure concrete compressive strength. 

  

Figures 7.2 d) and 7.2.e). Schmidt hammer testing. 
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Table 7.2.2. a) More than 2.000 measurements were taken. At least 9 in every grid of 90 x100 cm of 

the surface. The surface is divided via areas called S1, S2, etc.   

Results of these measurements are described in 7.3.section 

 

Table 7.2.2b) No relation between strength and orientation of surface has been found. The table 

shows that vertical surfaces has lower strength that vertical ones, although main problems appear 

in the latter. 

 45

 47
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 51

 53

 55

 57

 59

 61

S1 S1 S1 S2 S2 S2 S2 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14

SCHMIDT HAMMER TEST MEASUREMENTS                            
Average Rebound Value

 48,00

 50,00

 52,00

 54,00

 56,00

 58,00

 60,00

horizontal surfaces vertical surfaces

SCHMIDT HAMMER TEST                                   
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1.2.3 X‐Scan testing 

- X-Scan testing, also called Ground-penetrating radar (GPR) was applied on the surface in order to 

verify the location of reinforcing bars and the depth of covering (the concrete cover thickness). A 

map of depth of covering has been made. There were taken1.216 measurements of depth from the 

surface.  

 

Figures 7.2 f) and 7.2.g). Ground-penetrating radar testing 

 

A graphic showing the depth are show bellow. 

 

Fig 7.2.h) Depth of the steel bar covering 

 ‐
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Fig 7.2.i) Steel bar covering by surface type 

 

1.2.4 Moister meter 

- Moister meter measurements were also undertaken. The main purpose of this non-destructive test 

is to highlight humidity or moister differences along the elements that enable identifying areas 

where higher values of water content are more probably found.  This will help defining those 

locations where to test the waterproofing properties of the products being developed at laboratory 

scale.  

The results show very similar values for all orientations, but there is a bias in relation with the height 

in which the measures were taken 

 Humidity  

Height  number of measures  (%) 

8‐10 meters  15 1,8% 

6‐8 meters  8 1,8% 

4‐6 meters  7 1,9% 

2‐4 meters  9 2,0% 

0‐2 meters  20 2,0% 

total  59 1,9% 

Table 7.2. Humidity measured in the surface of the sculpture. 

0%
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20%

30%

40%

50%

60%

0‐10 mm 10‐20 mm 20‐30 mm 30‐40 mm 40‐50 mm 50‐60 mm 60‐70 mm 70‐80 mm

percentage of coveringg depths by surface type
(horizontal (roofs) / vertical)

verticales horizontales
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The results show that there is a slightly higher humidity in the lower parts of the sculpture 

 

1.2.5 Ultra sound testing. 

-  Ultrasound testing was taking in order to compare the results with the other testing. 

   

Figures 7.2 i) and 7.2.j). Ultrasound testing testing 

 

1.2.6 Thermographic camera. 

-Thermographic photo shots were taken of all the surface of the sculpture. The Thermographic 

images shown areas where there were damage of corrosion and planks of concrete, due to the 

formation of breakage planes, where already created. This technique shows interesting ability to 

point out problems where the normal vision is not capable of differentiate between healthy concrete 

and the corrode one. The results of the thermographic images were correlated with all the other data 

obtained. 
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Figure 7.2 k) taken thermographic shots and 7.2.l). Thermographic image of the sculpture 

 

Figure 7.2 k) shows a photographic image corrected in a planar surface. 

 

Figure 7.2 l) shows a Thermographic image on top of the photographic image. The color changes 

indicate formed planks (different temperature). 
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Figure 7.2 m) shows a graphic representation of damages not yet seen in the surface, but already 

developing problems. 

 

1.2.7 Destructive test (Sampling of planks and core drilling). 

1.2.7.1 Sampling 

The number of samples obtained, and brought to the Instituto Torroja laboratory are as follow in 

Table 7.2. 

 

Table 7.2. List of samples. 
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1.2.7.2 Core drilling 

There were 2 samples taken from the top of the sculpture, which is the only in part of it that can be 

drilled without living mark of the sampling in the sculpture.  

     

Fig 5.2.1 a) area a from where the cores were obtained, Fig 5.2.1.b) Hollow once the core is extracted. 

Later filled with mortar. 

 

      

Fig 7.2.1.c) drilling, Pachometer was used to avoid taking rebar on the extraction of the drill. Fig 7.2.1 

d) and e) Core drill samples extracted 

The dimensions of the cylinders were 30 mm of diameter by almost 10 cm of large. The samples were 

used for the characterization tests. 
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1.3 Results of the characterization 

1.3.1 Compositional and textural properties of concrete 

1.3.1.1 Mineralogy  

The diffractograms of various samples present intense reflections of calcite, quartz at the level of 

traces and in those in which it was tried to concentrate the finest aggregates, reflections of low 

intensity assignable to dolomite. No crystalline phase of the hydrated cement paste is detected. The 

FTIR spectra confirm these results 

Thus the aggregate is limestone, mainly calcitic with some proportion of dolomitic limestone. 

Through optical microscopy, the composition and size of the gravel and sand particles of three 

concrete samples were characterized (E-HA, M9-Face 1 and M9-Face 2). From each of them a thin 

sheet was prepared and stained in one of its halves with alizarin red to distinguish the composition 

of carbonates: calcite is colored red, dolomite is not. The results of E-HA are shown below. 

E-HA 

Gravel formed by angular fragments of a microtitic dolomite-limestone of a size comprised, 

fundamentally, between 4-7.5 mm in length (a single aggregate with a size greater than 15 mm). 

The sand also consists of angular fragments of carbonates with more calcite than dolomite in its 

composition (limestone-micritical dolomite with bioclasts) of between 0.06 and 2.5 mm (Figure 

7.3.1.1) 
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Figure 7.3.1.1. Angulated carbonate grains of gravel and sand a) irregularly colored with alizarin red 

(cross-polarized light, LPX) and b) in non-stained area (flat polarized light, LPP); c) and d) images of 

the different granulometric size of the sand particles in zone dyed with alizarin red (LPP). 

 

1.3.1.2 Size of aggregate 

Two aggregate groups are characterized by coarse aggregates ranging from D = 22.58 to a minimum 

d of 1.98, according to the definition of coarse aggregate in the UNE-EN 12620 standard. In general, 

taking into account all the samples photographed and measurements we would have a group of 

coarse aggregates with nomenclature d / D = 1.98 / 22.58. 

On the other hand, we have another group of aggregates considered according to their size and 

according to the standard as fines with values of d / D = 0.3 / 4 

 

 

 

 

 

sample M.9  d/D= 1.98/22.60 sample M 16 S13 d/D= 2.16/20.6         

a b

c d
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Sample Testigo Sur  d/D= 3.04/17.70 Sample M.9  binocular magnifier 
d/D= 0.31/1.84 

 
 

 

1.3.1.3 Porosity, density and cement content of concrete 

Measurements of accessible porosity to water have been carried out for two types of samples, one 

of them is a cylindrical witness and on the other hand a group of chips of flakes. The values obtained 

are shown in the following table. 

Sample Porosity (v/v %) Density (g/cm3) Cement content 
(Kg/m3) 

EH-A (testigo) 12,7 
 

2,2 
 

12,6% 

EH-A (average 
value of a group 
of flakes) 

8,5 
 

2,4 
 

 

Table 7.3.1.3. . Porosity accessible to water, density and cement content of concrete 

 



   

 

20 

 

 

Differences are observed in that the flakes have higher density and lower porosity than the control 

analyzed, which could be related to the development of compounds related to the aging of the 

concrete when it comes into contact with the superficial aggressions that the witness might not 

present due to its greater depth (a possible superficial carbonation). 

 

The value obtained after the chemical analyzes according to the ASTM C 1084 - 02 standard was 

12.6% of cement in the concrete mix, which would translate into about 296 kg of cement per m3 of 

concrete. 

 

1.3.1.4 Mechanical strength 

The measurements of Schmidt hammer test undertaken on the surface of the sculpture, have been 

used to extrapolate the concrete compressive strength. During the structure survey, the team made 

a  grill of 90 x 100 cm, in order to compare all surfaces.  To compare the quality and homogeneity of 

concrete, the team collected measurements from all orientations and heights. All measurements 

were taken using an angle of 0°. Results of the Schmidt hammer are shown in Figure 7.3.1.4.  

 

Figure 7.3.1.4.a) Average rebound values of the concrete 
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Figure 7.3.1.4.b) Measures taken ever meter ( 10 m high)  F1 means the highest meter and the F10 

means the lowest 

 

The results are quite even and do not show significant difference between the different surfaces, 

showing that the concrete has very similar characteristics. Given that the angle used during the test 

was zero degree, the equation 0.0279 0.1306 1.3961 was used to calculate the 

corresponding compressive strength (EN12504-2). Calculated compressive strength is given in 

Table 5.3.1a.4 and is higher than 60 MPa which would indicate that concrete is in a good state. 

 

One of the pieces of the northern core drill was used for the measurement of ultrasound and for 

performing the compression fracture. Indicate that the breakage value is obtained from a single core 

drill, specifically the south one. The values obtained for both methodologies are shown below. 

 

Ultrasound velocity (m/s) 4471,20 

Compressive strength (MPa) 
 (EN 12390-3) 31.3 

Table 7.3.1.4. Mechanical characteristics of  concrete 

Both the value of the ultrasound speed and the compressive strength indicate a concrete in good 

condition, regardless of the corrosion problems that may have its reinforcements. 

 48,00

 49,00

 50,00

 51,00

 52,00

 53,00

 54,00

 55,00

F1 F2 F3 F4 F5 F6 F7 F8 F9

SCHMIDT HAMMER TEST                      
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Compressive strength of  concrete, determined according UNE-EN 12390-3, was 30 Mpa (Table 

7.3.1.4); this value is half of the calculated from rebound test (Schmidt Hammer). However, there 

should be taking into account to explain those differences that the small dimension and irregular 

shape of the cylinders as well as the difficulties in achieving the perfect parallelism of the faces in 

the facing operation. 

1.3.1.5 Carbonation depth  

The carbonation front was determined on fresh fractures in different slabs and in one of the 

extracted cores. The maximum depth of carbonation observed was 12.7 mm 

 

Figure 7.3.1.5 Surface of the fresh fracture sprayed with f-thymol-phenolphthalein. In blue the not 
carbonated material. 

 

1.3.1.6 Resistivity of concrete 

Resistivity values were measured on one of the extracted cores and are very low, both in dry and in 

saturated specimens, this could indicate a high concentration of ions in the aqueous phase of the 

concrete. 

 

Ultrasound velocity (m/s) 4471 

Compressive strength (MPa) (EN 12390-3) 30 
 

 

Calculated compressive strength (MPa) (Schmidt Hammer) > 60 
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Dry resistivity (KΩ * cm) Wet Resistivity (saturated) (KΩ * cm) 

5.78 
 

1.81 
 

Table 7.3.1.6. Resistivity values obtained. 

 

1.3.1.7 Chloride profile  in  the northern core and  the natural diffusion coefficient  in  the 

non‐stationary state 

One of the core drills that was received is used exclusively to make a chlorides profile, which means 

to cut the core in sheets every 2 by 2 mm to the maximum possible depth. 

 

The calculation of the concentration of total chlorides is made taking into account the density of the 

concrete that has been previously calculated by the porosity accessible to water and which would 

be an average of 2.35 g / cm3 and taking into account the concentration of cement calculated in the 

Concrete 296 Kg of cement per m3. 

 

According to the EHE-08, the critical chloride limit for reinforced  concrete is set at 0.4% of total 

chlorides with respect to the weight of cement, the limit from which carbon steel reinforcements run 

a high risk of activate This chlorides value appears in the chlorides profile from 2mm to 20mm depth, 

which agrees with the samples that have been received where oxide residues are observed 

corresponding to carbon steel reinforcements severely affected in plating decks with an 

approximate thickness of 22.5mm, as shown in the section on considerations of the state and 

situation of the rebars in later pages of the document. 

 

Based on the results obtained in the chloride profile, the natural diffusion coefficient in a non-

stationary state, Dns, is calculated according to BS EN 12390-11: 2015; "Testing hardened concrete. 

Determination of the chloride resistance of concrete, unidirectional 
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2 4 6 8 10 12 14 16 18 20 22 24

0,3

0,4

0,5

0,6

0,7

0,8

0,9

B

A

Equation Y=Cs*(1-erf((x/1
0)/(2*(D*seg)^0.
5)))

Adj. R-Square 0,90904

Value Standard Error

B Cs 0,95715 0,04426

B D 3,84122E-9 6,59667E-10

B seg 8,83008E8 0

Table 7.3.1.7.a) Adjustment of the values of total chloride concentrations versus the depth of 

concentrations for the calculation of diffusion coefficient in non-stationary state Dns. 

 

 

The value of the chlorides diffusion coefficient in a non-stationary state for the sculpture taking into 

account the construction time of the structure, that is 28 years old, is shown in the following table. 

Dns (m2 / s) at the age of 28 years for 

296 Kg of cement per m3 of concrete 

 

3.84*10-15m2/s. 

Table 7.3.1.7.b)  Values of diffusion coefficient in a non-stationary state after 28 years. 

 

1.3.1.8 Considerations of the state and situation of the rebar reinforcement. 

Although there have been no corrosion measures in the rebars reinforcement, it is observed how 

some flakes show abundant and striking oxides remains that can indicate that the rebars were close 

before falling these flakes. From this observation it is intuited that the fall of the same has been 

produced by the oxidation of the reinforcements and the iron oxide formed has produced the 

expansion of the concrete in those areas with the consequent breakage and fissure of the same in 

said areas, giving place to the fall of them. 
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The thickness of these flakes is measured in order to quantify the coverage or thickness of the 

external reinforcements in the monument. Below is an image of the measurements and a table with 

the corresponding values. 

Figures 7.3.1.8.a) Left image measured in thickness (supposed rebar-exterior coating). Right image 

shows oxide belonging to the corrosion of the reinforcement. 

 

Sample M.6 M.9 M.5 

 

 

Value  

(mm) 20,27 22,32 21,68 

 

 

Value  

(mm) 

 

14,75 22,54 25,49 

29,45 20,38 28,86 

28,65 21,96 28,53 

Middle value of 

covering (mm) 

22,86 mm 

Table 7.3.1.8  Thicknesses of covering in mm measured from oxide flakes. 
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1.3.1.9 Area S13 surface samples analysis 

In this area the surface of the flakes have two colors, one light and the other darker. This pattern is 

repeated in many of them. A study of the composition of these samples through FTIR is made by 

making an extensive sampling on the surface of the flakes of the S13 zone. 

 

  

Figures 7.3.1.9.a) Scheme of the sculpture and appearance of light and dark areas. 

 

In Fig.7.3.1.9.a) two examples of the samples studied are shown. The most intense absorption bands 

in the FTIR spectra in the clear zone are due to calcite although there are sharp and intense bands of 

Si-O vibrations due to silicates while in the dark zone the more intense bands are due to gypsum. 

This result suggests a possible gypsum formation as a result of the reaction of the oxides of S existing 

in the atmosphere due to the contamination, the water of the same and the calcium of the concrete. 

In turn, this plaster could remain in dark areas because these are less washed and in the lighter ones 

disappear as a consequence of the aforementioned washing. 
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M.8 S13 FTIR spectra 

 

M.10 S13 FTIR spectra 

 

 

Table  7.3.1.9.a)  FTIR spectra of the light and dark surface of two samples taken in S13 

 

1.3.2 State of conservation of the monument 

 The sculpture presents some cracks due to the expansion of the reinforcing bars.  

 Some reinforcing bars are visible.  

 There is a problem of corrosion due to chlorides  

 Some small problems are related to the biological colonization. 

 The sculpture shows moderate porosity and low carbonation. 
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1.3.3 Mapping of the damages 

Main damages are in the lower part of the cantilevers. These is probably by a construction defect 

that shows very small covering in these areas.  

 

Figures 7.3.3.a) Scheme of the sculpture showing in red the areas which concentrate the main 

problems. In purple the areas with medium problems, and in light violet the areas with less problems. 

 

1.4 Summary 

Historical documentation about the sculpture has been gathered together and data of the 

monument have been completed. The most relevant new information obtained is the following: 

- 3D scanning and positioning of the reinforcing bars in it has been done as well as the determination 

of the concrete covering thickness.  
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- Determination of the position of reinforcing bars, as well as the covering thickness. 

Testing carried out on the extracted samples has provided data about the dosage of the materials 

used, the granulometry curve of aggregates, mechanical strength, density, porosity, cement content, 

etc. needed for the production of concretes and mortars that will be used to optimize the repair 

products applied on them. 

Regarding the characterization of the concrete and mortar from the sculpture, we can conclude the 

following: 

The sculpture was made of common Portland cement, aggregate is limestone, mainly calcitic 

with some proportion of dolomitic limestone.  

Two aggregate groups are characterized by coarse aggregates ranging from D = 22.58 to a 

minimum d of 1.98, 

Core samples are in good condition according to the age of the sample and its location, in spite 

of cracking, biocolonization, corrosion of reinforcing bars and low carbonation (up to 12,7 mm) 

found in the outer part of the elements. In fact, compressive mechanical strength value was 

higher than 30 MPa. Most of the thickness of the concrete covering in the horizontal zones is 

lower than 30mm.  

The main structure is in a good state according to the estimated compressive strength values of 

the Schmidt hammer test and ultrasound velocity. 

 


