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ADAPTACIÓN A LENGUA EXTRANJERA
  



AJUSTES ÓPTIMOS DE MORTEROS DE CAL CON MICRO Y NANO SÍLICE (II) 
 

 

PABLO BORGES PRUSINOWSKI  2 
 

 FIG 74: Preparing for the resin with red dye imaging 

.

 

FIG. 75: Compaction of the interior of the specimens 
to achieve fill all the gaps 

.

 FIG.76: The three cylinders with different aggregates 
in the hardening process. 

 

9. IMAGE PROCESSING    

One of the main objectives of the project is to 
perform the injection and determine the optimum 
performance of the same, for that, we must know 
where to find out if we inject our grout will penetrate 
and be distributed efficiently by all voids volume to 
be treated . That's why we decided to perform image 
processing of 3 different sizes of aggregates in order 
to meet the gaps that lie between them, future space 
you have to fill our product, knowing the amount of 
holes that fit all diameters between aggregates, and 
through a scatter plot can obtain data on the 
percentage of each of the diameters. 

We will fill a cylinder filled with a resin arid red, and 
subsequently we will do a section of this, thus obtain 
an interior shot we can see the distribution of 
aggregate and voids. And with a computer program, 
Professor Jose Soberon helps us to perform image 
processing, in which we get the percentage of voids 
and their respective diameters. 

We begin doing a cylindrical specimens with 3 
different fill, first with aggregate measures of 
approximately 2-6 mm, the second one will make the 
aggregate measures 6-12 mm, and the third we will 
do half the arid smaller (2-6mm) and the other half 
with the larger aggregate (6-12 mm). 

  We have to aim, which is super important when we 
introduce the compacted aggregate in the cylinder 50 
will apply lateral blows and we will be adding arid 
until the cylinder is flush, repeat the process until the 
cylinder not support more aggregate. 

  Once we have the dry-compacted in the respective 
cylinders, prepare the resin, which is composed of 
two parts, the resin and catalyst, which helps to 
perform the reaction so toughen it, the resin will be 
mixed with a dye red to favor the distinction between 
resin and aggregate in image processing. 

We pour the resin red side and we are giving shots to 
get you fill all voids and spaces between the barren, 
and once the resin reached ras and container 
supports no more leave it 24 hours to harden. 

   The next day, we will make the cut with the saw, 
cut off the rolls lengthwise halves, halves obtain 6, 2 

with large aggregate, 2 small and the other two with 
the mixture of both aggregates. 

The next step to perform is take pictures of these 
samples, we point to the fact that we take pictures in 
high definition so we use an reflex camera. Also add 
that the position of the camera and taking samples in 
each of the photos must be exactly the same, 
because if not depending on the distance where the 
photo was made, the result would change between 
samples. 

We will also have a reference measurement on the 
picture, this way we can scale it in and indicate the 
reference measurement software that measures the 
diameters are correct. The photo light is also an 
important factor and should remain the same in 
every shot because the software can detect 
abnormalities in the images affected by light or lack 
of it. 

Once obtained the photos, we must treat them with 
specialized programs for images with the help of 
Professor José Manuel Soberon, from building 
department, which through proper software will help 
with the treatment of these images. 

First, the images will be scaled according to the 
reference measure to take the photo, then the 
different software images that tell through 
parameters according to the information we want, 
provided we interpret the final results that are later 
passed. 

 

 

 

 

 

 

FIG.77: Taking pictures of the sample with the 

reference measurement.

 FIG.78: Taking pictures of the sample with the 

reference measurement.

 

FIG.79: Taking pictures of the sample mixed 
aggregates. 
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FIG. 92: Initial Portion of NHL to divide up 

 
FIG. 93: Partition of the first portion into 4 units 

 
FIG. 94: Separation of portions of these four are 
chosen two diagonally for continuing the separation 
and the other two are returned to the original 
container of the material 

 

 

10. PROCESS OF DIVIDE UP 

In order to obtain homogeneous portions of the 
material, to avoid results that are not significant 
according to the area of origin of the container where 
we take the material sample, we performed a 
procedure called Separation or divide up, allowing us 
making material so that be representative. 

For example, in the case of lime and other materials, 
with contact with air, it produce a phenomenon 
called carbonation, which negatively affects 
properties such as material strength, the areas most 
affected by this phenomenon are usually the closest 
to the surface, if we take a portion of material of this 
zone, we would extracting  information of a material 
that does not represent what is in the container, 
because this material has been damaged by the 
phenomenon previously discussed, therefore we take 
a large sample container (about 1 kilogram material), 
and through the process that we will describe later 
be left with a small portion but represents what is in 
the container. 

To do this we follow a pattern of conduct that start 
with add a quantity of 1000 grams of the material 
above a laboratory paper and this portion is divided 
into four parts as similar in size as possible; of these 
four parts will take two diagonal, and the other two 
parts are returned to the original container. 

    Then repeats the process with the material that we 
have taken from the previous process and keeps 
repeating until 100 grams of material, in order to 
study it. 

 

 

 

 

 

 

 

 

 

Materials needed:  

Steel spatula  

Laboratory paper  

Packed with spring lock  

Permanent Marker 

Results: 

The final material is stored in shrink bags with their 
names and specifications, we get about 100 grams of 
result in each bag. 

It is important to ensure proper closure of the bags 
because as we have told before the contact with air 
could carbonate the sample and did not get the 
expected results.  

These samples are taken to the laboratory of the UB, 
by Professor Joan Formosa to study: 

Elemental analysis through analysis of X-ray 
fluorescence (XRF)  

 

Composition analysis through X-ray diffraction, 
thermal gravimetric analysis (TGA)  

Real density

 

Fig.95: Final result in shrink bag

 

FIG.96: The 4 different materials to study,CL, NHL, 

microsilica and nanosilica. 
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FIG. 97: Weight Dry + H2O 

 
FIG. 98: Weight Dry + arid 
 
 
 
 

11. COMPACTNESS 
 
Aim of the test 
 
This test is aimed to determining the compactness of 
three types of aggregates (diameters 2/6, 6/12 
mixture of both aggregate ratio 50% - 50%) to analyze 
the data and decide what type of aggregate used to 
when performing injections of grout in the acrylic 
prism. 
 
The porosity of the formed material directly affects 
its mechanical strength (which decreases with 
increasing porosity. Other important characteristics 
such as the etch behavior, thermal conductivity and 
thermal shock resistance, are also influenced by the 
size, shape, number and distribution of pores. Thus, 
any residual porosity will have a negative effect on 
the elastic properties and strength. 
 
 
The procedure performed to verify and define the 
compactness, this procecdure is performed in the 
laboratory, is a very simple test that involves the 
weight of dry aggregate and mixed with water. 
 
Description of the test 
 
In this test, a container with a known volume is filled 
by water and the arid to study, using data obtained 
for calculating the compactness using the formula: 
 
           
  

 
                                      

                             
 

 
Equipment and materials 

- Container with known volume  

- Electronic scale with a accuracy of 0,01 g  

- Aggregates of different diameter  

- H2O 

 

 

 

Procedure 

1) Place the container on the balance and set to 
0 gr. 
 

2) Fill the water container and proceed to the 
heavy pointing data. 
 

 
3) Next, empty the water container and fill it 

with one of the aggregates. Place the 
container in full by the aggregate balance and 
record its weight. 
 

4) With the contaniner full of arid, put water in 
it to fill all the gaps between the aggregates. 
Place the container on the scale and point 
your weight. 
 

5) With the data from the weighing, place them 
in the formula and get the results of the 
compactness of each of the aggregates under 
study. 
 

Resultados 

1) Compactness of arid 2/6 = 0,4933718 
- Dry weight + arid = 2465,5 gr 
- Dry weight + arid + H2O = 3149,6 gr 

 
2) Compactness of arid 6/12 = 0,49762275 
a. Dry weight + arid = 2429,30 gr 
b. Dry weight + arid + H2O = 3107,66 gr 

 
3) Compactness of arid 50% = 0,54028734 
a. Dry weight + arid = 2595,20 gr 
b. Dry weight + arid + H2O = 3215,95 gr 

 
Dry weight with H2O for the 3 aggregates: 

o Siendo 627,20 gramos el peso seco (recipiente). 
o Siendo 1977,50 gramos el peso seco más el H2O. 

 

 

 
 
FIG. 99: Weight Dry + H2O + Barren

 

FIG. 100: Dry arid from the oven 
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FIG. 101: Mortero fluído con una consistencia 
aceptable para consolidaciones 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 102: Preparación de la lechada 
 

12. SEARCH OPTIMAL WATER 

12.1 PRELIMINARY SEARCH 

As we noted in previous chapters, the water has a 
participation in important characteristics of our 
interest like workability, it is of utmost importance in 
the world of  consolidations. 

From the study of the materials used, such as arid, 
CL-90, NHL 3.5, micro and nano silica, as well as the 
use of Rheomix gt-205 additive of  the commercial 
house BASF, the tests were performed of: 

- Elemental analysis through analysis of X-ray 
fluorescence (XRF)  

 
- Composition analysis through X-ray 

diffraction, thermal gravimetric analysis 
(TGA)  
 

- Real density 

And from this study, we could establish a percentage 
of aggregate and binder, and a theoretical additive 
percentage, without a percentage of water yet. 

The presence and quantity of water can give us some 
good features to put in a real case of consolidation, 
but also can give us the problems mentioned many 
times that produce their presence and excessive 
amount compared with other materials, so we take 
special care in his use. 

In the field of workability, as noted in chapter of 
desired properties of a good strengthener, we had 
decided that our grout need a consistency of 8.4 cm 
in the consistency test, so this meant a base on the 
water percentage search, would agree that the key 
value to search for their percentage. 

12.2 RESOLVED DOSAGES 

  Before entering the search for water, remember the 
percentage of aggregate and binder we agreed, 
according to studies of the base materials, and also 
with reference tests on the study of Roser Puchol. 
These dosages would be differentiated mainly in the 
binder percentage of micro silica and nano silica, and 
working with lime. 

We begin by differentiating the mixtures made with 
CL 90 and NHL 3.5, this way we can draw conclusions 
about how these two different lime works with the 
micro and nano silica 

For grazed by air lime two types of doses are made, 
differentiating the percentage of micro-and 
nanosilica in the binder, their participation will be 30 
percent on the total of the binder, the other 70 
percent is lime , on the other dosage we determine a 
15 percent of micro and nano silica versus 85 percent 
lime. 

It should be added that within the first 30 percent of 
micro and nano silica will be 27 percent of micro silica 
and 3 percent of nano silica, and the second dosage 
of lime is 15 percent of micro and nano silica 
distributed in the micro 13.5 percent and 1.5 percent 
silica nano silica,  half participation of micro and nano 
silica than the first dosage, with the results we can 
see the effects of the presence of these two 
components and their amounts of the second 
mixture is halved. 

  En referente a las pastadas de cal hidráulica, dentro 
del conglomerante en la primera de ellas, habrá un 
82,4 por ciento de NHL, y el resto de 17,6 por ciento 
estará compuesto por 15,9 por ciento de micro sílice 
y 1,7 por ciento de nano sílice. 

Mientras que en la segunda dosificación estará 
compuesto de 94.4 por ciento de NHL, 5 % de micro y 
0,6 por ciento de nano sílice. 

  Añadiremos un porcentaje de árido (Micromar 250) 
de 3 partes por cada parte de conglomerante en las 
dosificaciones de cal aérea mientras que en las de cal 
hidráulica lo acordamos a 2 partes de árido por cada 
parte de conglomerante. 

Probaremos cada dosificación y lo ensayaremos en el 
test de consistencia buscando 8,4 cm en dicho test. 

 

 

 

 

 

12.3 FÓRMULAS DE DOSIFICACIONES 

A continuación, presentamos las dosificaciones 
finales que han sido resultado de todos los estudios 
anteriores, hemos decidido 4 dosificaciones finales, a 
falta del porcentaje de agua para conseguir la 
consistencia deseada, formulamos finalmente 2 
mezclas con cal aérea y 2 con cal hidráulica: 

1) micromar: 100g (3) / CL90S: 23.33g (0,7)/ 
microSI02: 8,99g (0,27)/nanoSI02:0.99g 
(0.03)/add: 2.99g (0.09) 

2) micromar: 100g (3) / CL90S: 28.33g (0,85)/ 
microSI02: 4,49g 
(0,135)/nanoSI02:0.49(0.015)/add: 2.99g 
(0.09) 

3) micromar: 100g (2) / NHL3,5Z: 41.20g 
(0,824)/ microSI02: 
7.95G(0,159)/nanoSI02:0.85(0.017)/add: 2.5g 
(0.05) 

4) micromar: 100g (2) / NHL: 47.20g (0.944)/ 
microSI02: 2.5g(0,05)/nanoSI02: 0.3 
g(0.006)/add: 2.5g (0.05) 
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FIG.103: Items required for the consistency test

 

FIG.104: Consistency test, the data is taken from the 

radios. 

 

 

 

 

 

 

 

FIG.105: glass support 50 x 50 cm 

 

 

13. CONSISTENCY TEST 

  As noted in the chapter of characteristics and 
properties needed for a good strengthener, in the 
workability paragraph we referred to the concept of 
consistency and coherence of the particles 
constituting a mass, and that much depended on the 
amount of water contained or additives fluxing. 

It is defined in the UNE EN 1015-3, and is valued 
according to the fluidity of the grout,  in our case, and 
from the reference Roser Puchol project: 
"Development of material containing lime, silica and 
nano silica micro" , is taken as reference consistency 
of products intended for the purpose they studied 
(bindings), therefore, a clear example of these 
products are the PLM, and to perform various tests 
on these consistencies product types could 
determine an average 8.4 cm in testing the radios, 
therefore, this marked a point of departure in the 
search for the desired consistency for our future 
material. 

With that primary data, the share of water and 
fluidizing aditive ( Rheomix gt-205 PMOD marketing 
firm BASF) was studied by performing numerous tests 
to find some grout in each dosage with a similar 
consistency to that described above. 

Then the record of the test: 

Objectives 

This test serves to verify the consistency of a given 
mixture, as it is important to consider the injectivity, 
as well as adherence to the support of our product 
where it will be put it on. 

   As an example in the first project of this guide 
means, is looking for a product consistency of 8.4 
inches, so we have taken this as the ideal consistency 
for the injection of our product, to change this 
property we use the percentage of water and 
fluidizing additive and test after test we got the 
desired value. 

The first step in the realization of this paper is to 
make the mixture with a shake given time, as we 
have said before this time is very important, and 
perform all the same mixtures we ensure equal 
determinants in the results, to then, when we mix in  
fresh state, we put into the metal cylinder to 

overflowing, and finally we extract quickly to the 
mixture to flow into the circle went really marked the 
radio, waited 1 minute, that it has taken the 
consistency property and proceed to data collection. 

Each test is performed 3 times to make sure the data 
has the minimum possible error, and this way we 
obtain more accurate values. We take four test 
values and do the mean, try as we said before 
approaching the value of 8.4 cm. 

Materials used: 

- Metal Cylinder 
- Square glass 50x 50 cm 
- Sheet of the same size as the glass printing 

circles marked with radios 
- - Containers to place the mixture and 

subsequent mixing 
- Electrical Scale 

This test is used mainly in the part of previous tests, 
which will determine the percentage of water used in 
each dosage just to get to that 8.4 cm radius, in the 
table attached annexes all mixtures are made with 
different radios, reaching the aim. If the test gave an 
low average value we search that  the percentage of 
water was gradually increased, and if it was higher 
was decreased. 

 FIG.106: Mix with a dry consistency, discarded for not 

being suitable for the intended application 

 

 FIG.107: Mix with a radius greater than sought, more 

fluid. 
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FIG.108: rotational viscometer Haake 7 plus 
Viscotester 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG.109: Container with the grout.

14. VISCOSITY 

As we noted in chapter of desired properties of a 
good strengthener, workability paragraph we 
mentioned the importance of viscosity. 

One of the materials that act in this feature is water 
or any type of diluent, and their percentage over 
other materials, because they can change the 
viscosity and workability through its percentage, and 
very important, the materials will evaporate, 
therefore disappear and making this process can 
leave physical phenomena as retractions. 
 
  Since we make the mixture, reaching a desred 
consistency and desired viscosity, the final material 
for consolidation  lose water gradually, since the 
materials responsible for giving the desired strength 
begin to make their reactions, till we finish mixing the 
grout will already losing water in varying degrees and 
is changing properties such as consistency and 
viscosity, as it loses fluidity and this directly affects 
the workability. 
 
The viscosity of the paste, which can be defined as 
the opposition to shear deformations. The fact that a 
mixture is low viscous increase the possibilities for a 
better penetration, as opposed to the less shear 
strains, to be injected more easily. Therefore, after 
this reflection we can say that the product should 
have a low viscosity. 

To achieve low viscosity that we have to study this 
feature depends, and that is what we explain below: 

One factor that affects the viscosity is the 
concentration of binder, we speak of solutions, since 
our material is diluted in water, therefore, the 
concentration of binder that can be compared to the 
water / binder ratio affect the viscosity of the final 
product, each more water, the fluidity increases  and 
also we will get lower viscosity. if we enter into this 
discusses of water percentage should be keep in 
mind that we can not go beyond certain limits, for 
example, lots of water will mean a loss of final 
strength and greater shrinkage, that we dont want, 
so one of the key pieces of this project is to find the 
optimal value of the water / binder ratio. 

 

The other factor which affects the viscosity is the 
density of the grout, which is linked directly to the 
amount of binder (a binder increased, higher density, 
higher viscosity). 

We will test each test with a time of 2 hours and we 
think this time can be a representative length, in a 
case of an operator preparing a grout and while 
carrying out commissioning work the material is at 
rest, so we'll see if within 2 hours the viscosity ranges 
changes but keeping the workability important 
conditions for making this kind of action. 
 
Aim of the test 
 
This method is used to determine the rheological 
properties of the grout injection, in this study we will 
measure the viscosity of which have different 
dosages 

Injection grouts are suspensions and can exhibit a 
variety of rheological properties. The use of additives, 
such as deflocculants, plasticizers or other affects the 
rheological properties of the slurry by modifying the 
interaction of particles and fluid, changing the surface 
tension of the fluid suspension or in other forms. 

Should be evaluated desirable rheological properties 
by analyzing each case, depending on the types of 
holes, cracks and peels to be covered by the grout. 
For example, for an emergency stabilization of a large 
area, the slurry flows only when it is "pushed" under 
pressure from the syringe. These thixotropic grouts 
exhibit a reversible decrease in viscosity depending 
on the applied shear rate. 

 

 

FIG.110: Spindler type L4 used in the test

 

FIG. 111: Software required for the test 

FIG.112 : Splinders  
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In general, the measurement of rheological 
properties for commercial grouts used in proportions 
(for example the water content) and mixing 
procedures recommended by the manufacturer, 
since the rheological properties of the materials were 
optimized are not required. 

However, these measurements are very useful when 
designing a new grout with a specific behavior, where 
the manufacturer has not provided such measures 
for a particular application and to compare the 
characteristics of the slurry to a specific use. 
 
Description of the test 
 
This method follows the standard ISO 2555 (Liquid 
resins in emulsion or dispersion. Determination of 
apparent viscosity by the Brookfield test method). 
 
Measurements are performed with the rotational 
viscometer at controlled speed (HAAKE 7 Plus 
Vscotester) with a software measurement and 
evaluation system HAAKE RheoWin with a coaxial 
cylinder. 

The frictional drag of the grout against the rotor 
creates the deflection of the spring and this 
correlates with torque. The sensory data system 
allows torque to be mathematically converted to 
shear stress and allowing the rotor speed is 
transformed into shear rate. 
 

The test will have 2 hours (7200 seconds) in length 
and the results are presented in a flow curve 
obtained by the software RheoWin HAAKE, 
representing the shear stress as a function of shear 
rate. 

 
Equipment and materials 

 A rotational viscometer (HAAKE 7 Plus 
Viscotester). 

 

 A coaxial cylindrical assembly (Spindler No. 4). 

 Electronic balance with 0.01 g accuracy 

 Container of known volume. 

  Rod to mix the components of the grout. 

 

 

Procedure 

1) Place the container on the balance and set to 
0 gr. 

2) We weigh the various components of the 
grout.  

3) Mix all the components of the grout until a 
homogeneous mixture. 

4) We put the mixture in a container made for 
further study in Vicotester HAAKE 7 Plus. 

5) Schedule Viscotester HAAKE 7 Plus to perform the 
test:  

a. Speed: 100 rpm (constant)  

b. Time: 7200 seconds  

c. Spindler: L4  

6) Spindler placing in the container (in the grout) to 
the line.  

7) Leave the mixture for 2 minutes with Spindler in 
and start testing (during the test did not move the 
table in which the test is being performed). 

8) After finishing the test, save the data for further 
study with the HAAKE RheoWin software. 

Results 

The results obtained in the HAAKE RheoWin analyze 
software using tables and graphs for later comparison 
and analysis. 

Through the exported table data from the program 
analyzed via Excel for the graphs that we clarify the 
behavior of the mixture in this property.  

On the x axis we put the time in seconds (s) 
depending on the axis and will results in Pa.  

Then we teach two graphics software obtained from 
two different mixtures:  
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FIG.113: Test procedure for calculating density in 
fresh 

15. DENSITY IN FRESH CONDITION  

This test is important because the fresh density 
greatly affect injectivity and application of the 
product under study, we know that the less dense 
easier to penetrate and be distributed inside the 
holes and voids on the wall tracted. 

We will Study the 4 different blends and next that, 
compare them to draw conclusions. 

 

Aim of the test  

  This test is intended to determine the density of the 
fresh mixture or grout. It is very important to note 
because if we exceed in this property, may cause 
structural instability and mean injecting a point of 
failure in the target property of the grout. 

We can find examples of injections in large gaps 
behind in the case of architectural ceilings or vaults, 
where the weight of the mixture can play a negative 
participation and this area in excess overburden 
surfaces. 

  The procedure is performed to verify and define this 
density ,is performed in the laboratory, it is a very 
simple test that involves the weight of the slurry 
placed in a known volume. 

Description of the test 

In this test, a vessel with a known volume is filled and 
weighed with the grout , the container volume and 
the measured weight of the slurry will be used to 
determine the density thereof in the fresh state. 

In this test, the grout will be introduced into the 
container and slowly compact it, then we will 
describe the steps required to perform this test. 

 

Equipment and materials 

- Container with known volume  
- Small knife with straight edges to remove 

excess  
- Electronic scale to the nearest 0,01 g  
- Absorbent paper 

- Metal spoon to compact and drag the mixture into 
the container 

Procedure 

1) Place the container on the balance and set to 
0 gr. 

2) Fill the water container because we know 
specific weight of water (1 g/cm3), and 
weight this container, so well known vessel 
volume.  

3) Then do the mixing, and the container on the 
scale, again set to 0, and fill the container 
with the grout on. 

4) Fill the container to the root, and with the 
straight spatula we have to remove the 
excess from the surface. 

5) Flatten gently with spoon to ensure that the 
container does not support more product. 

6) we Clean the upper edge of the cup removing 
residual mixture or water which has become 
attached to the edges of the container. 

7) We weigh the cylinder with grout and aim the 
result in Table M ₁ (g) 

Results 

Calculate the density of the fresh grout using the 
formula 

ρ wet (g . Cm3) = Mm/ 133,43 gr 
 

- Being 133,42 gr the volume of the container 

 

 

 

 

 

 

 

 

 
FIG.114: Test procedure for calculating density in 
fresh   
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FIG.115: Put  material into the mold 
 

 

 

 

 

 

 

 

FIG.116: Brush with form oil

 
FIG.117: Mix the material with electrical machine 

 

16. TESTS OF RESISTANCE 

One of the characteristics and properties we want to 
achieve in our material, and that means the end and 
the base of a good result in this type of action is that 
resistances at least similar to those of the original 
materials is achieved. We will study two types of 
resistance to this type of test, flexural and 
compressive, and observe the different values 
between these two types to determine the more 
efficient the product. 

To do this, we need to make specimens of 
dimensions 16x4x4 cm, and determine a cure time of 
28 days, where we expect a high strength mortar 
range. We will describe all the details to consider in 
the process of specimen preparation and curing. 

16.1 PREPARATION OF SPECIMENS 

   First, we note that each dose will be performed in 
triplicate, so 4 different dosages for  3 diferents 
temperatures, a total of 12 specimens 16x4x4 cm, 
that we realize that the test results do not depend on 
a single grout, with the factors that can influence 
results, as might be the mixing time, the room 
temperature, the preparation of molds, or also very 
important time of vibration of the specimens, we will 
detail in the following sections. 

The mixing time is a key factor because it can vary 
characteristics such as consistency, fluidity, even 
something as important as retractions, are 
introducing air mixing, and this is essential in the 
chemical process that we want to produce lime for so 
the end result will vary if you enter more or less air. 
We have determined a mixing time of 5 minutes (300 
seconds) in the mechanical mixer for all dosages at 
equally discussed above. 

Another influential factor in the final results is the 
ambient temperature, so we control the temperature 
in the preparation process, more or less have given 
between 20 and 23 ° C (within the laboratory), and 
we shall see that the temperature environment 
within 28 days of curing must be similar in all 
specimens. 

The molds we use for creating the samples are cast 
iron, which can be easily disassembled in order to 
remove the specimens from a faster way. They have a 

secure screw to stiffen the assembly and avoid 
movements while dried grout. To prepare the molds, 
follow guidelines, first, are assembled and tightened 
insurance as stated above, then we apply a release 
layer of oil on the surface with a brush, which will 
help us in extracting specimens . We must be careful 
not to overdo the application of this material, as it 
may be mixed with pasta and we directly affect the 
results, so once painted the molds with oil, will be in 
a position such that the release agent product excess 
to drain out of the molds. Once the preparation is 
complete mold we can continue with the preparation 
of the grout. 

In preparing dosages we will use an electric balance 
to the nearest 0.01 g, and we will weigh the different 
materials that make up the various dosages one by 
one, and will deposit in a metal container adapted to 
the electric mixer. It means that the latter will 
deposit material will be water, and then move on to 
the mixing. 

   Once is finished the mixing time, we will carefully 
deposit the material into the mold flush, and we will 
continue with the vibration. The vibration is essential 
if we are to avoid cracks, voids or air pockets within 
our specimens also alter our final result. The 
vibration also be equal in the different dosages, will 
consist of 2 batches of 5 seconds each. When we 
observe that vibrate air inside the specimens 
deposited up to the surface thereof, out of these. 

We put all the molds on a table to make sure they are 
cured under the same conditions (temperature, 
relative humidity, etc..) And put an electronic control 
environmental conditions at all times inform us, we 
mark the molds to differentiate the different batches 
and wait 28 days for extraction of the samples. 

Once past the curing time, we proceed to such 
extraction, we remove insurance and disarm the 
mold in this way removing the specimens that will 
number with a permanent marker. We must consider 
the calendar, to testing at 28 days. Then explain the 
process of trial that evaluated the strengths 
mentioned above. 

 

 

16.2 FLEXURAL STRENGTH TEST 

It is the first resistance we will evaluate as it hits the 
whole specimen, the dimensions of the mold (16x4x4 
cm), for this, we connect the press bending device, 
and in turn to a load meter, we informs the load 
being applied to the specimen. 

Once prepared the system, the specimen placed in its 
normal resting long side (one side of 16x4 cm), the 
system consists of two supports, and an upper load 
applying support in the middle of the specimen. Then 
turn on the press stops automatically when the 
specimen reaches its maximum load, at that time, we 
will target the maximum value of bending load. 

This will let us test 24 specimens halves, we use the 
next tests for compressive strength. 
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FIG.118: Posición inicial del ensayo, observamos la 
prensa y la cédula de flexión 

 

 

 

 

 

 

 

 

 

 

 

 

FIG.119: Lector de carga aplicada en posición inicial 

 

File of test: 

Objectives: This test gives results in the value of 
maximum bending load that can hold our material 
with a curing time of 28 days, we need to break the 
flexural specimens, and record the maximum load at 
the time of the break.  

   To perform this test is essential to have the 
following materials: 

Materials 

- 16x4x4 cured specimens, with a time of 28 
days 

- Bending device: This is a support and a 
charging device that is applied between these 
two supports, which in turn informs us 
digitally load being applied to the specimen 
in real time, the device must meet the 
conditions following: information of force 
applied vertically to the specimen and 
stopping at the same time break, wheel 
support and application point of constant 
normal load applied to the surface of the 
specimen and in the middle, the address 
reactions that are parallel to the direction of 
loading and finally the charge is applied with 
uniform speed.Prensa: Máquina con el fin de 
dar ésta fuerza necesaria. 

Description of the test: 

First, we place the specimen on the two supports, 
and give a constant rate to the press, as it approaches 
the refueling with the specimen, reduce speed, so 
that the load is done slowly, once it has entered load, 
we observe that the viewer begins to load 
information that is being applied at the time when 
the specimen reaches its maximum resistance to 
bending, breaking, stopping the load value in the 
viewfinder, so the aim data collected, and I spent the 
next specimen. 

Flexo traction devices: 
Press by commercial brand WYKEHAM FARRANCE, 
with maximum load cell of 5 T and 10 T, provided 
with a specific tool for the application of a point load 
on a simply supported specimen (as described by the 
standard) and connected to a digital display that 
records the maximum load. Loading speed of 10 N / s 

and 50 N / s, so that the failure of the specimen is 
between 30 to 90 seconds is programmed. 
 
Bending operative procedure:  

Knowing that the distance between the two rolls 
where the specimen is supported are at a distance of 
100 mm, this distance first is restated at each 
specimen so as to apply the load piston perfectly 
centered in the specimen. Next, the piston is lowered 
manually until it touches the specimen without 
applying load pro and tared to zero the display. 

 

The test was initiated to break the specimen and the 
maximum load is recorded. 

16.3 COMPRESSION STRENGTH TEST 

The compressive strength is another important 
feature of this type of mortars. The test is performed 
from the halves of test specimens of bending 
strength, and has the same procedure, described 
above, however, you have to replace the card 
bending compression, since in this procedure support 
of the specimen is a flat, not two props as we 
performed in the previous test. 

On the top, it will also be a plane, the responsible for 
implementation of the load on the specimen, we 
have to place resting on its flat face and uniform.  

Then the summary of this essay. To perform this test 
is essential to have the following materials: 

Materials:  

- Halves of specimens from the bending test  

- Compression device: it is a flat support and a 
charging device, also in the form of plane load 
applied to the specimen, which in turn will digitally 
reports the load being applied to the specimen in real 
time , the device must meet the following conditions: 
force information applied as vertical to the specimen 
and stopping at the same time break.  

  The load must be applied with uniform speed.  

- Press: Machine in order to give it necessary 
strength. 

Description of the test:  
 First, we place the specimen on the lower plane, and 
give a constant rate to the press, as it approaches the 
refueling with the probe, reduce speed, so that the 
load is done slowly, once it has entered load, we 
observe that the viewer begins to load information 
that is being applied at the time when the specimen 
reaches its maximum resistance to bending, breaking, 
stopping the load value in the viewfinder, so the aim 
data collected, and I spent the next specimen. 
 
Compression Devices:  
The press is the same as is used in the tensile test 
flexo but with specific tools for this assay. It also has 
two load cells, with maximum capacities of 5 T and 10 
T, which change depending on the strength of each 
specimen. 
 
Compression operating procedure: we tested 

compression in each of the halves of the six tensile 

specimens tested at flexo. Since the piston has an 

area of 16 mm2, which corresponds to the thickness 

of the specimens is not necessary to redefine the 

load distances to apply focused. 

 

The specimen perfectly centered on the base is 

placed. Then the piston is lowered manually until it 

touches the specimen, but without applying load and 

tare to zero the digital display. The test is started and 

when the specimen exceeds its elastic limit (will 

plasticizing) the display shows the maximum load is 

recorded. 
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FIG. 120: Initial position of the specimen for the test 
through sound waves

 

FIG.121: Software needed to test sound waves

 

FIG. 122: Screenshot of the Moe test through sound 

waves 

 

 

17. MOE AND ULTRASOUND 

 

Determination of MOED (Dynamic Elastic Modulus) 

by frequency of sound waves. 

 

This is a non-destructive test, which allows the 

determination of the elastic modulus of hardened 

mortar by determining the speed of waves caused by 

a pulse. 

 

In our case the impulse is caused by a slight bump in 

the specimen. This impulse is transformed into sound 

waves which collects a microphone properly located 

and connected to a PC, which automatically process 

the data obtained by a specific software, indicating 

the fundamental resonance frequency. 

 

In particular, the method carried out in this study has 

been developed by the staff of the Laboratory of 

Materials EPSEB, being justified in an item that is 

currently accepted and pending publication in the 

journal Construction Materials Sciences Institute 

Construction Eduardo Torroja. 

 

They have taken as a basic reference standards as 

follows: 

 

 UNE - EN 14146: Methods of test for natural 

stone. Determination of the dynamic 

modulus of elasticity (measurement with the 

fundamental resonance frequency). 2004. 

 UNE - EN - ISO - 12680-1: Methods of test for 

refractory products. Part 1: Determination of 

dynamic Young modulus (MOE) for vibration 

excitation pulse. 2007. 

 

Devices: To perform data collection which later will 

try with the appropriate formulation, two pieces of 

triangular section extruded polystyrene are necessary 

(with a density of 35 kg/m3 and is very similar to the 

material described in the standard polyurethane 

foam); a microphone (frequency range of 20 Hz to 20 

KHz, sensitivity 60 + / - 3 dB and impedance of 600 

Ohm); a firing pin hammer, FFT Analyzer software, a 

PC and a caliper. 

 

Operating Procedure: Once measured by Electronic 

caliper 4 lengths of each specimen and two 

thicknesses of each side (ie, eight steps), proceed to 

mark the points of support located at a distance of 

0,224 L each of the ends (where L is the length of the 

specimen). These points will be the set of nodes of 

vibration. 

 

Under these points support the two triangular pieces 

of extruded polystyrene, ready to turn on a non-slip 

surface to prevent movement of the specimen to hit 

and avoid the presence of background sounds are 

placed. 

 

With the specimen simply supported and the rest of 

the device for receiving, the processing and the 

visualization of the signal is available. 

 

The main target device is a non-contact transducer 

(microphone), the main features already mentioned, 

from which the signal is transmitted to the PC where 

it is processed with FFT Analyser software (supplied 

by the company Fakkop). 

 

Once assembled the entire device, proceed to tap the 

specimen with the hammer 6 times in the upper face, 

6 times in the opposite (transverse direction) and 6 

other times in the face edge (lengthwise). is thus 

obtained, using the software described above, the 

resonant frequency of those faces. Data were 

recorded. 

 

To hit the specimen you can use a hammer of wood, 

metal, plastic, etc..,  because the reading order will 

be similar. The fact of using various hammers ensures 

the reliability of the results regardless of the striking 

mechanism. 

 

 

With this procedure, we obtain a monitorizaje 

displayed among other information, the data 

provides the fundamental frequency (Main Data). 

 

Dynamic determination of MOE (MOED) by 

ultrasonic propagation velocity. 

 

By determining ultrasonic propagation velocity 

through the hardened mortar we determine dynamic 

elastic modulus (hereinafter MOED). 

 

This assay was performed as contrast test. As in the 

previous paragraph is exposed as MOED obtained 

from the wave frequency is obtained by hitting a 

certain way the prismatic specimen, in the trial that 

concerns us obtaining MOED exposed from the 

propagation velocity of ultrasonic waves through the 

sample. 

 

The reason we have carried out these two assays for 

the same property (MOED) is due to the great 

heterogeneity that is a material such as mortar, 

object of study of this work, and as a result, high 

probability of error that may exist to obtain the data. 

 

Devices:  

A transmitter-receiver of ultrasonic waves, which 

records the time (in microseconds "microseconds") it 

takes the sound waves propagate through the test 

piece is used. 
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FIG.23: Measurements of specimens for the test 

 

 

 

 

 

 

 

 

 

 

 

 

FIG.124: Different specimens cured for 28 days to do 

the compression and bending tests

 
FIG.125: cast iron molds for the realization of the 

specimens.

Operating Procedure: To encourage the proper 

transmission of sound waves through the test piece, 

neutral pH gel applied on the two sides of the 

specimen where they will contact the ultrasonic 

transmitter and receiver. 

 

The specimen is supported horizontally on two 

supports to minimize surface contact and thus 

prevent interference from ambient sound waves. 

Then are contacted the two "terminal" pinger with 

extremis of the specimen and the transfer time of the 

ultrasound is noted. 

 

With the data obtained, the ultrasound propagation 

velocity and by proper formulation is calculated, and 

considering the density, size and Poisson's ratio of 

the material, the MOED the longitudinal direction of 

the specimen is obtained in the material examined. 

 

Regular monitoring of MOED is also carried by 

ultrasound of specimens subjected to accelerated 

carbonation. Thus this mechanical assessment along 

Carbonation of lime mortars all studied herein 

property is studied. 

 

Resistance to tension and compression hose of 

hardened mortar prisms 

 

To carry out these tests were followed specifications 

of UNE - EN 1015-11. Six test of each product is 

intended to test in flexo streght to 28 days of 

manufacture. Of these six specimens, three are 

equipped with strain gauges control that will 

determine the product Elastic Modulus decade. At 

the end of the test, we get twelve semi-halves, of 

which six will rehearse compression. 

 

A batch of six samples of each product subjected to 

accelerated carbonation is also tested. This batch was 

also tested in the same way and allows comparing 

the results of each product carbonation different 

states. 

 

Flexo traction devices: 
Press by commercial brand WYKEHAM FARRANCE, 
with maximum load cell of 5 T and 10 T, provided 
with a specific tool for the application of a point load 
on a simply supported specimen (as described by the 
standard) and connected to a digital display that 
records the maximum load. Loading speed of 10 N / s 
and 50 N / s, so that the failure of the specimen is 
between 30 to 90 seconds is programmed. 
 

Bending operative procedure:  

Knowing that the distance between the two rolls 
where the specimen is supported are at a distance of 
100 mm, this distance first is restated at each 
specimen so as to apply the load piston perfectly 
centered in the specimen. Next, the piston is lowered 
manually until it touches the specimen without 
applying load pro and tared to zero the display. 

The test was initiated to break the specimen and the 
maximum load is recorded. 

Upon completion of the test, two halves of each of 

the tested specimens are obtained. Phenolphthalein 

was sprayed on the two halves and the carbonation 

depth is checked. 

 
Compression Devices:  
The press is the same as is used in the tensile test 
flexo but with specific tools for this assay. It also has 
two load cells, with maximum capacities of 5 T and 10 
T, which change depending on the strength of each 
specimen. 
 
Compression operating procedure: we tested 

compression in each of the halves of the six tensile 

specimens tested at flexo. Since the piston has an 

area of 16 mm2, which corresponds to the thickness 

of the specimens is not necessary to redefine the 

load distances to apply focused. 

 

The specimen perfectly centered on the base is 

placed. Then the piston is lowered manually until it 

touches the specimen, but without applying load and 

tare to zero the digital display. The test is started and 

when the specimen exceeds its elastic limit (will 

plasticizing) the display shows the maximum load is 

recorded. 
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Fig: Commercialized Apparatus for this type of test 

 
 

 
Fig: Columns filled with aggregate for Testing 

 
 
 
 
 
 

INJECTABILITY TEST BY UNE 1771 
     
To try and test our grout in a practical field, we 
needed a defined and standardized test in which we 
can obtain relevant data and rate the penetrability of 
our mix. 
 In the Getty institute Manual we found the example 
of test that could give us rated injection of different 
dosages, could also obtain data and compare the wet 
and dry injections, to determine what kind of placing 
be chosen. 
 
Aim of the test 
 
This test determines the ability of the grot to pass 
through a volume of aggregate, which can be taken 
as a simulation of the interior walls or walls recipients 
of consolidation through this type of injections. 
Injectability is an important property of the grout, 
which must be suitable for introduction through a 
syringe or tube (in the case of injection through 
mechanical pressure) and thus fill the holes and 
cracks that exist within these walls or walls. 
 
 
General description of the test 
 
This essay is adapted from the test of the sand 
column (EN 1771) to be used and taken as reference 
injection grouts for architectural surfaces.  Through 
manual "Evaluation of hydraulic lime-based grouts 
Inyection for architectural surfaces" could take this 
example adaptation that clearly detailed in this book 
from 2013. we needed a device not marketed in 
Spain injectivity, so we performed a similar device 
that fulfills the same functions trying to get as close 
as possible to the characteristics of the former. In the 
figure on the left show the injection apparatus which 
is spoken in the manual. 
 
 To explain the apparatus quickly we will explain the 
description of the test: the material (grout, which is 
in a sealed container is injected at a constant 
pressure through a hose, which goes into a cylindrical 
tube (column image num). vertically mounted, filled 
with arid and marked with the same heights (50mm-
100mm-150mm-200mm-250mm-300mm) longer 
than the trial time of arrival of the grout at each 
height were counted.  The distance (height) and the 
time taken in the test is used for the realization of 

graphics that will give a measurement of the 
characteristic of the grout injectability. 
 
Adaptation to grout injection test 
 
Silica sand test (EN 196-1: Methods of testing 
cement-Part 1: Determination of strength) specified 
in the standard test protocol is replaced by arid 
representatively that are closer to the materials used 
in archeology and elements Historic architectural. 
 
The main reason for this change is that the absorptive 
capacity of the silica sand is low (3% weight) and does 
not represent most conditions and exterior wall, 
however, the arid chosen, is more representative in 
use we want to spend.  The amount of water 
absorbed after 10 minutes of soaking the material is 
about 30% of its weight, this suggests the test has to 
be carried out with the two conditions (wet and dry). 
 
Thus, we have explained generically test 
characteristics, we turn to the explciación of our 
appliances and materials.  First, as shown in the 
upper right image the test begins with a sealed 
container, which can put a smaller container with our 
grout, and also has to have the pressure input to 
make our exit grout hose towards the collum, in the 
lower right image the container used for this function 
is shown, it should be noted that the seal is made 
with Teflon on the entire surface of the thread from 
the top of it, to make sure not to lose pressure. 
 
In the top left image also see two hoses, the blue is 
the entry of air from a mechanical compressor to 
achieve this desired pressure, however, the clear 
hose, is the output, leading the grout to the column 
aggregate. 
. 
 

 
 
Fig: Adaptinghomemadepressurevessel 

 

 
 
 
Fig: Columns filled with aggregate and graduated 
cylinder to collect excess 
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FIG.127:  Vertically Column in the test 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIG.128:  Rubber plugs to close the ends of the 
previous tube.  

In the picture on the left we can see the column 
mounted vertically, and placed at 40 cm from the 
ground (as test), this cylinder methacrylate has 2 
rubber stoppers at their ends, by which access the 
inlet hose (below ) and output (above).  When 
passing the grout through the column, the excess is 
collected in a second column as noted in the previous 
picture. 
 
NOTE: All materials, test equipment and columns 
must be stored under the same conditions (23 ° C ± 2 
and 60% ± 10% relative humidity) at the time of the 
test. The temperature of the grout before and after 
mixing is 23 ° C ± 2 ° C to allow for any change of 
temperature-induced variation of the ratio of 
humidity of the grout 

Equipment and materials 

-  Mechanical compressor with pressure gauge, 
flow control and pressure and outlet pressure 
gauge  

- Plastic container prepared for the inlet and 
outlet hoses, fully sealed.  

-  Teflon for complete container sealing  
-  Plastic Hoses for driving the slurry for 

different devices  
- Rigid plastic tube and methacrylate, with 

22.00 mm ± 0.05 mm in inner diameter and 
about 1.75 mm wall thickness. The total 
length of the tube should be 40 inches.  

- Rubber plugs to close the ends of the 
previous tube.  

- Metal Tripods for placement of the tubes and 
their moorings.  

- Barren 2-4 mm to fill the tubes  
- Rule 400 mm  
- PermanentMarker 
- Stopwatch 
- Test Tube with its strong volume  
- Beaker with its volume to deposit the grout 

to be introduced into the pressure vessel. 
-  Witness of temperature and humidity 

 

 

 

 

Column Preparation  

At Fist, we dried aggregate in an oven with a 
temperature of 105 ° C for at least 20 hours, then 
weighed and repeat the process until don’t exist 
change in the weight of material. 

Secondly, we have to mark with marker heights in the 
plastic tube (50mm-100mm-150mm-200mm-250mm-
300mm-350mm). 

At last, we fill the column with the arid, to ensure 
that this well compacted, perform 50 side impacts, if 
necessary, add more material and repeat the process 
until thoroughly compacted. 

Procedure  

1) We put the column previously prepared on 
metallic feet and connect the hose and out of the 
same end. 

2) Prepare the measuring cylinder on the other foot 
metal. 

3) Measure the initial temperature of the grout 
through the token and the data take room 
temperature. 

4) Put the grout in the plastic container and enter the 
same in the pressure vessel. 

5) Close the lid of the pressure vessel is also sealed 
with Teflon  

6) We open the compressor air flow at a constant 
flow rate and a pressure of 0.075 MPa. 

7) When the grout up to the mark 0 mm column we 
begin the stopwatch. 

8) We take the time it takes the slurry passes the 
heights in the column labeled.

 

 

 

 

 

 

 

 

 

 

 

 

FIG.129:  Column marked with the heights measured 
in millimeters 

 

 

 

 

 

 

 

 

 

 

 

FIG. 130: Grout container, wich have to be introduced 
into the pressure vessel 
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FIG.131: Image of UNE 1771, which describes the 
realization of this test.

 

FIG.132: Amounts of the columns. 

We continue the process until we collect excess 
1ml/min in a 20 ml graduated cylinder or until the 
grout rise is slower than 30 mm / min 

9) When one of the conditions given in the previous 
step  occur, stop the timer, close the air passage, and 
extract the container with the grout  

10) Extract the arid from the column 

Results  

After performing the appropriate tests, and obtaining 
the data, we will make the graphs of each. Then we 
can compare the ability of each of the dosages being 
injected, and thus, we get a conclusion.  

   Moreover, the dosage can assess each for its speed 
to fill the column, and we can give a classification 
according to UNE EN 1771, we can say that the 
injectability  of a grout can be: 

 A) EASY: If the column is filled and excess is taken up 
in 20 ml graduated cylinder  

B) FEASIBLE: If the column is filled but the collection 
rate is less to 1ml/min  

C) HARD: If the grout is jammed inside the column or 
speed is less than 30mm/min or first column is filled 
out completely fails. When the grout is classified as 
hard, take as input the height achieved and the time 
to sort it into different cases that may occur. 

Three trials were conducted for each dose, to give 
convincing and error in the test data.  

Injectability depends on many factors, one of which is 
the density of the mixture, also the fluidity, like 
these, the temperature, humidity, and other 
environmental factors come into play for introducing 
grout spaces left between the aggregates. 
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FIG.133: Prismfilledwitharid 

 
 

 
FIG.134: Prism filled with arid 

 
 

19. INJECTION SIMULATION IN ACRYLIC PRISM 
 
Aim:  
This test have the aim to observe the injection of the 
material in a a prism of dimensions 30cm x 15 cm and 
a thickness controlled, in this way, we can simulate 
different walls or elements to be injected, and watch 
the grout how expands inside the prism. It should be 
added that this assay system we can experiment with 
different materials that simulate the content or the 
material used in the realization of the target walls 
and walls of the use of this material. Noting the 
expansion of the material, and as it clears within the 
transparent volume aggregate, determine the most 
appropriate place to inject, we can find that the grout 
could fall by gravity, or otherwise upload between 
the voids between the aggregates. 
 
Description of the test  
 
  First, we make the grout with mechanical mixer 5 
minutes of mixing time, and trying not to spend more 
than 2 minutes after preparation, proceed to the 
injection.  
    Previously, we have prepared the prism, with the 
proper thickness dimension, in this case, we decided 
to set it to 3.5 cm thick, this coinciding with the 
actual scope.  
   Then proceed to fill the arid chosen container 
contents and compacted, 50 strokes are performed in 
side and added more arid, the process is repeated 
until the maximum compaction observed.  
   To prevent the aggregate to move upwards at the 
time of applying pressure of injection, the top lid by 
putting weight on it, thus lowering the slurry pass 
through the gaps left between the dry and not 
displace.

When we start injecting observe as we said before, 
the behavior of the grout and its offset within the 
source material, we must also ensure that the 
previously studied fluidity and consistency is just right 
for the grout reaches the entire thickness to be 
injected, 3.5 cm in this case.  
   
 After injecting, let the grout cure 48 hours and 
subsequently extract the excess aggregate, we get a 
piece made with arid and our forged mixture, which 
will help us get an idea of the grip that gives us our 
material 
 
Materials:  
 
- Injection syringe  
- Acrilic prism with adjustable thickness  
- Barren  
- Bricks to provide the weight on top 
 
Results  
   
Noting at the time of injection, and later in the piece 
extracted conglomerate, we conclude that our grout 
has to climb the aggregate, therefore, always 
perform the injections advise the lower parts of the 
wall, or the areas that we Unbound.  
    
In the image num.136 Note the cluster of barren 
material, not at all difficult as this material needs to 
adhere to a material with significant roughness.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG.135: Injection of the material in the simulator 

 

FIG.136: Results of the material after 72 hours.
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