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1.3.- Urban regeneration.
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106 GLOBAL ARCHITECTURE: REHABILITATION AND REGENERATION
Vitrano, Rosa Maria 434
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Izcue, Isabel; Garcia Madruga, Carolina .. 443
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Crupi, Francesco 454
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EXOSKELETONS, A LOOK AT THE FUTURE OF EXISTING BUILDINGS IN URBAN
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De Vita, Mariangela; Fabbrocino, Giovanni; Mannella, Antonio; Panunzi, Stefano ... 466
373 URBAN REGENERATION OF VILLAGES AS AN OPPORTUNITY. TOOLS AND METHODS
IN THE CASE STUDY OF MOGORO IN SARDINIA
Atzeni, Carlo; Cadoni, Stefano; Marras, Francesco .. 474
1.5.- Social participation processes and socio-cultural aspects in rehabilitation projects.
13 RECOGNITION AND IMPROVEMENT OF LOCAL TECHNIQUES, CONTRIBUTION TO
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Chica Segovia, Angélica; Ramos Zapata, Maria Camila; Fuya Chontal, Néstor; Mosquera Posso,
JohnKeddy 485
169 THE SOCIAL PARTICIPATION IN THE CASE OF MANGUINHOS HISTORIC
ARCHITECTURAL NUCLEUS (NAHM)
Almeida, Roberta dos Santos; Pinheiro, Marcos José de Aradjo ... 497
327 CITIZEN PARTICIPATION FOR HERITAGE INTERVENTION. AN EXPERIENCE IN
LUCENA (CORDOBA)
Navas-Carrillo, Daniel; Mosquera-Adell, Eduardo; Pérez-Cano, Teresa .. 505
1.6.- Construction pathology.
5 COLLAPSES IN GLUED LAMINATED TIMBER STRUCTURES OF COVERED POOLS, DUE
TO MISTAKES IN ASSIGNMENT OF USE CLASES
Lozano, Alfonso; Lorenzo, David; Martinez, J. Enrique; Alonso, Mar; Alvarez, Felipe ... 514
8 PERFORMANCE OF POZZOLANIC ADDITIONS TO CONTROL ALKALI-SILICA
REACTION (ASR) PROMOTED BY AGGREGATES WITH DIFFERENT REACTION RATES
Menéndez, Esperanza; Sanjuan, Miguel Angel; Garcia-Roves, Ricardo; Argiz, Cristina; Recino,
Hairon 522
9 PATHOLOGICAL MANIFESTATIONS IN SANDWICH VERTICAL PANELS: CASE STUDY
Lordsleem Jr., Alberto Casado; Lira, Virginia Queiroz ... 531
23 ANALYSIS OF RECURRENCE OF PATHOLOGICAL LESIONS IN LOW-RISE
RESIDENTIAL BUILDINGS IN THE CITY OF MEDELLIN
Cafiola, Hernan-Dario; Urrego, Andrés; Granda-Ramirez Fidel; Venegas, Karen ; Arroyave, Joan ............ 539
30 PARAMETERISATION OF THE DEGRADATION PROCESSES IN COATED FACADES
WITH ONE COAT MORTAR RENDERS
Carretero-Ayuso, Manuel J.; Pinheiro-Alves, M? Teresa; Saez-Pérez, M@Paz ... 548
53 THE USE OF MACROPOROUS MORTAR IN THE REHABILITATION OF HANDMADE
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Camino-Olea, M? Soledad; Llorente-Alvarez, Alfredo; Cabeza-Prieto, Alejandro; Martin-Aldudo,
Ernesto; M? Paz Saez-Pérez; Rodriguez-Esteban, M? Ascension ... 556
59 INFRARED THERMOGRAPHY AS A TOOL FOR INSPECTION OF BUILDING DEFECTS IN
COATINGS - ASYSTEMATIC REVIEW
Lima, Wanessa; Cavalcanti, Lucas, Arruda, Vaness, Figueira, Amanda, Bentzen, Mariana, Pévoas,
Yéda, Lordsleem Jr., Alberto 564
62 CONSTRUCTIVE STUDY OF THE SHIPWRECKED HOUSE IN THE PORT OF BILBAO
Marcos, Ignacio; Diez, JesUs; Pifiero, Ignacio; Egiluz, Ziortza ... 577
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Fontana, Juan José; Gambini, Jorge; Méndez, Mary; Tomeo, Fernando; Romay, Carola ~ ............ 587
107 ASSESSING AESTHETIC AND STRUCTURAL DETERIORATION IN HISTORIC
BUILDINGS - A CONTRIBUTION
Dias, L.; Rosado, T.; Bhattacharya, S.; Candeias, A.; Caldeira, A.T.; Mirdo,J. ... 596
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Andrade, Ana Paula Cintra 606
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132 STUDY OF THE HERITAGE BUILDING COMPLEX OF THE NATIONAL MUSEUM OF
COSTA RICA FROM A HISTORICAL, ARCHITECTURAL AND PATHOLOGICAL
PERSPECTIVE
Porras-Alfaro, David; Garcia-Baltodano, Kenia; Méndez-Alvarez, Dawa

162 FACADE DAMAGE MAPS: A LITERATURE REVIEW
Lopes, Melissa L. F.; Silva, Maykon V.; Bauer, Elton

174 RADON EXHALATION FROM THE STRUCTURE OF HISTORIC BUILDINGS. APROBLEM
DETECTED AT THE TOWER OF HERCULES, CORUNA
Frutos, Borja; Alonso, Carmen; Martin-Consuegra, Fernando; Sicilia, Isabel; de Frutos,
Fernando; Perez, Gloria

183 CLASSIFICATION OF BUILDING FACADES BY MEANS OF THE LEVEL OF
PROTECTION CRITERIA
Souza, Ana Luiza Rocha de; Andrade, Daiane Teodoro de; Bauer, Elton;
Souza, Jéssica Siqueira de

196 PATHOLOGIES IN THE ORNAMENTATION OF FACADES IN THE ARCHITECTURE OF
HISTORICIST ECLECTICISM - THE CASE OF MANIZALES (COLOMBIA)

Sarmiento, Juan Manuel; Bedoya, Lina Clemencia; Betancur, Angélica; Ramirez, Esteban

203 THERMAL ANALYSIS OF SODIUM SULFATE CRYSTALLIZATION WITHIN POROUS
BUILDING MATERIALS
Bednarska, Dalia; Koniorczyk, Marcin

207 REALITY-BASED MODEL AND 3D INFORMATION SYSTEMS: A GIS 3D TO MAPPING
THE CRACK PANEL OF THE CHURCH OF SANTA MARIA DEGLI ANGELI IN
PIZZOFALCONE IN NAPLES
Acquaviva, Sabrina; Pulcrano, Margherita; Scandurra, Simona; Palomba, Daniela; di Luggo,
Antonella

216 BUILDINGS INVESTIGATION OF DEGRADATION VARIABILITY IN BRASILIA-BRAZIL
CITY
Rodrigues Neto, Eduardo; Bauer, Elton

226 THE WOOD MOISTURE FACTOR ON THE BIOLOGICAL DETERIORATION OF WOODEN
STRUCTURES
Lima, Daniel F.; Tendrio, Marina; Branco, Jorge M.; Nunes, Lina

241 DEEP LEARNING FOR DETECTING CRACKS IN PAINTED BUILDING FACADES
Pereira, Sandra; Pires, Jodo; Silva, Jodo; Ferreira, Tomas; Neto, Alexandre; Cunha, Anténio

265 IDENTIFICATION OF HERITAGE STONE BUILDING DEGRADATION PATTERNS BASED
ON DIGITAL PHOTOGRAMMETRY DATA
Jalén, Maria L.; Chiachio, Juan; Gil-Martin, Luisa Maria; Hernandez-Montes, Enrique

266 CASE OF STUDY: DIAGNOSIS OF 100 YEARS OLD ABANDONED MILL
Cetrangolo, Gonzalo; Romay, Carola; Mussio, Gianella; Spalvier, Agustin

274 RECURRING DAMAGES IN THE EXECUTION OF CONCRETE SLABS ON LARGE
SURFACES
Martinez Martinez, José Antonio; Manso Villalain, Juan Manuel; Garcia Castillo, Luis Maria;
Aragon Torre, Angel

324 PATOLOGY AND NUMERICAL MODEL OF THE TEMPLE OF SAN FRANCISCO
TZINTZUNTZAN
Marquez, Alberto; Olmos, Bertha ; Jara, José Manuel; Martinez, Guillermo

349 CONSOLIDATION OF A POROUS SANDSTONE USED IN ANCIENT CONSTRUCTIONS
Lamas, Pedro; Pinho, Fernando

............ 744

1.7.- Diagnostic techniques and structural assessment (no destructive testing, monitoring and numerical

modeling).

18 CHARACTERIZATION OF PIGMENTS USED AS PROTECTION AND DECORATION ON
EXTERIOR FACADES OF HISTORIC BUILDINGS
Martinez-Ramirez, Sagrario; Flores Sasso, Virginia; Ruiz-Valero, Letzai; Pérez, Gloria; Guerrero,
Ana; Prieto Vicioso, Esteban; Vuceti¢, Snezana

26 VALIDATION OF ULTRASONIC PULSE TO QUALITY CONTROL OF RECYCLED
AGGREGATE SELF-COMPACTING CONCRETE
Revilla-Cuesta, Victor; Santamaria, Amaia; Espinosa, Ana B.; Chica, José A.; Manso, Juan M.;
Ortega-Lo6pez, Vanesa

44 NUMERICAL APPROCHES FOR SOIL-STRUCTURE INTERACTION IN A HISTORICAL
INDUSTRIAL MASONRY BUILDING
Longarini, Nicola; Crespi, Pietro; Zucca, Marco; Scamardo, Manuela

46 ENGINEERING SKILLS AIDED BY THERMOGRAPHY AND BIM
Ribeiro Antunes, Maria Luisa; Cabaleiro Cortizo, Eduardo; Magalhaes Lenz César Junior, Kleos

60 SEISMIC VULNERABILITY AND RETROFITTING OF A HISTORICAL MASONRY
BUILDING
Scamardo, Manuela; Crespi, Pietro; Longarini, Nicola; Zucca, Marco
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THE FOURTH ARCH OF THE AUGUSTUS BRIDGE AT NARNI (ITALY): A CASE STUDY
OF ROMAN ARCH WITH RIBS

Custodi, Alberto; Scaia, Flora

ANALYSIS OF VARIABILITY AND RELIABILITY OF STRESS WAVE MEASUREMENTS
ON STRUCTURAL TIMBER ELEMENTS IN SITU
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Guillermo Vicente; Reddn Santafé, Miguel

STRUCTURAL ASSESSMENT UNDER LATERAL ACCELERATIONS OF A CONCRETE
VAULTED MAYA BUILDING OF BONAMPAK, CHIAPAS, MEXICO

Hamad, Omar; Sennyondo, Justin; Kimanya, Humfrey; Nguyen, Dung; Tezcan, Selman;
Perucchio, Renato

FUNICULAR ANALYSIS OF MASONRY VAULTS UNDER GENERAL LOADING
CONDITIONS THROUGH A CONSTRAINED FORCE DENSITY METHOD

Bruggi, Matteo; Taliercio, Alberto

EL HORREO, ARCHITECTURAL HERITAGE ELEMENT OF THE PRINCIPALITY OF
ASTURIAS. METHODOLOGY FOR THE INSPECTION AND DIAGNOSYS FOR ITS
CONSERVATION

Vega, Abel; Rodriguez, Soledad

SHAKING TABLE TEST DESIGN OF A TYPICAL CHURCH OF MORELOS STATE

Chéavez, Marcos M.; Duran, Daniel
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ABSTRACT

One of the main operations in any civil work is to verify that the concrete supplied and placed on
site reaches the required minimum compressive strength. This verification is usually performed
statistically through the preparation and testing of a large number of specimens. However, its
indirect control is also useful due to its simplicity, ease of execution, and low cost. One of the most
common methods to perform this operation is the measurement of the Ultrasonic Pulse Velocity
(UPV) of the cast concrete, checking that its value corresponds to the necessary concrete’s strength
class. This study aims to analyze whether this indirect measurement, widely used in vibrated
concrete produced with natural aggregate, is also valid when large quantities of Recycled Concrete
Aggregate (RCA) are added to Self-Compacting Concrete (SCC). For this purpose, six SCC mixes
were produced with 100% coarse RCA and variable fine RCA contents (0%, 50%, and 100%). In
addition, two different types of powder were used: limestone filler <0.063 mm and limestone fines
0/0.5 mm. The determination of the compressive strength and the UPV at 7 and 28 days in all mixes
allowed demonstrating the existence of a close relationship between these two magnitudes in this
type of concrete. It was even possible to develop highly accurate simple-regression models to
interrelate both variables. These findings show that the use of SCC with RCA in engineering works
would still allow the control of compressive strength using one of the most common traditional
techniques, the ultrasonic pulse.

KEYWORDS: Recycled concrete aggregate; Self-compacting concrete; On-site quality control;
Ultrasonic pulse velocity; Compressive strength.

1. INTRODUCTION

Concrete quality control is one of the most common operations in any civil work. The preparation of
specimens that are subsequently tested for compressive strength (EN 12390-3 [1]) enables to determine
whether the concrete reaches the compressive strength established in the construction project. However,
this procedure only allows controlling the concrete of one-off mixes, and may therefore be insufficient
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in the case of a large quantity of concrete being placed on site, such as, for example, in a bridge or in a
medium-sized building [2]. In these cases, it is necessary to perform this quality control at multiple
points, for which direct quality control is logistically complicated, as well as excessively expensive. In
this kind of civil works, indirect quality control of concrete, determining its compressive strength, is a
technique that is highly valued for its versatility, simplicity and low cost [3].

The usefulness of indirect quality control of concrete is not limited only to newly constructed structures.
In the case of rehabilitation of existing structures and buildings, it is often necessary to determine the
compressive strength of the concrete with which it is constructed due to the absence of precise drawings
indicating it. Core drilling is, perhaps, the technique of choice because it allows the compressive strength
to be measured with high accuracy. However, its use entails considerable cost in addition to the damage
caused to the structure [4]. Again, indirect determination of compressive strength is a technique, possibly
not as accurate, but cheap and with minimal difficulty of execution [5].

Traditionally, two indirect measures have been used to determine the compressive strength of concrete.
On the one hand, the hammer rebound index, which relates the surface hardness of concrete to its
compressive strength [2]. On the other hand, the Ultrasonic Pulse Velocity (UPV), which relates the
compressive strength and modulus of elasticity to the propagation velocity of an ultrasonic wave in the
concrete mass through the density of the material [6]. Figure 1 shows an UPV device used to determine
this magnitude in concrete, the most common procedure being the direct method, in which the
transducers are placed opposite each other [7]. The validity of these indirect measurements, including
UPV, for estimating the compressive strength of conventionally vibrated concrete is widely accepted.
In fact, a UPV between 2.5 and 3.2 km/s has traditionally been considered to correspond to low-strength
concrete; between 3.2 and 3.7 km/s, medium-strength concrete; between 3.7 and 4.2 km/s, high-strength
concrete; and greater than 4.2 km/s, very-high-strength concrete [6].

Figure 1: UPV device.

The trend to increase the sustainability of the construction sector has led to the promotion of the use of
non-conventional concretes. First, the use of Self-Compacting Concrete (SCC) is being promoted, since
its high filling capacity and passing ability allows it to be placed on site without the need of vibration.
The suppression of vibration means a significant reduction in energy consumption during its placement,
in addition to enabling concreting to be performed in any location [8]. On the other hand, the use of
concrete produced with alternative materials, waste or industrial by-products, to reduce the
environmental impact caused by the production of conventional materials, Portland cement and Natural
Aggregate (NA), is spreading [9]. One of the most common alternative materials is Recycled Concrete
Aggregate (RCA), which is obtained by crushing rejected concrete elements. The presence of adhered
mortar in the coarse fraction and of altered mortar particles in the finer fraction usually results in a
worsening of the mechanical behavior of the concrete, although the use of this waste in concrete reduces
the environmental damage of quarries and gravel pits caused by the production of NA [10].
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In line with the above, it seems evident that it is necessary to verify that the techniques commonly used
in conventional concrete, such as UPV, are also valid for alternative concrete. In this way, the use of
alternative concretes can be promoted, thus reducing the environmental damage of the construction
sector. Up to date, the usefulness of UPV has only been analyzed in vibrated concrete manufactured
with both coarse and fine RCA [10]. This study aims to deep in this research field, showing the validity
of UPV to indirectly estimate the compressive strength of SCC made with RCA. For that, six SCC
mixtures were prepared with 100% coarse RCA; 0%, 50%, or 100% fine RCA; and two different
aggregate powders, limestone filler <0.063 mm and limestone fines 0/0.5 mm. In all the mixtures, slump
flow (EN 13350-8 [1]), compressive strength (EN 12390-3 [1]) at 7 and 28 days, and Ultrasonic Pulse
Velocity (EN 12504-4 [1]) at the same ages were determined. Furthermore, the statistical relationship
between these last two magnitudes was accurately evaluated.

2. MATERIALS AND METHODS
2.1. Materials

Standardized CEM 152.5 R (EN 197-1 [1], density around 3.1 Mg/m?® and clinker content around 98%)
was used in the preparation of all the mixes. The added water was obtained from the supply network of
Burgos, the city where the study was carried out. Finally, two admixtures were also used to achieve high
self-compactability: a plasticizer and a viscosity regulator.

As indicated above, two different aggregate powders were used: limestone filler <0.063 mm and
limestone fines 0/0.5 mm. Both were used for two reasons. On the one hand, to have a larger number of
mixes available for statistical analysis. Secondly, to evaluate the performance of a SCC made with
limestone fines 0/0.5 mm, which is more sustainable than limestone filler due to its lower energy
consumption during its manufacture because of its larger particle size [11]. Its physical properties and
particle gradation are shown in Table 1 and Figure 2, respectively. Both the density and water absorption
and the granulometry were suitable for SCC production.

All mixes were made with 100% coarse RCA 4/12.5 mm. The fine aggregate fraction consisted of
siliceous sand 0/4 mm and/or fine RCA 0/4 mm (replacement percentages of the NA with RCA: 0%,
50% and 100%). Both RCA fractions were obtained by crushing precast concrete elements. The
compressive strength of the parent concrete was 45 MPa. The physical properties of the aggregates are
shown in Table 1. As expected, the RCA was lighter and had a higher water absorption than the NA [8].
Its particle size was continuous (Figure 2), thus suitable for the manufacture of concrete.

= Limestone filler <0.063 mm == Limestone fines 0/0.5 mm = - Siliceous sand 0/4 mm
«+++ Fine RCA 0/4 mm = = Coarse RCA 4/12.5 mm
100 v —
v, \ ==
. <t \
90 ; s T
80 250 :
- L]

= \ N \ \
o 70 % -
o | N \ \
3 A \
e 60 oy ‘\ \\
o
g 50 e t
=3 % ~ \
2 40 — L —-
2 s s \
& 30 \ o ——+

2 . o . a IS S \

\ c e ——— \
10 L D
§ T [ T T T S RO R L S \
i) PR R = L ST S I S Y S T S b o 1d 0 XX T X TP ]
10.00 1.00 0.10 0.01 0.00

Particle size (mm)

Figure 2: Particle gradation of the aggregates.
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Table 1: Physical properties of aggregates.

Aggregate Density (Mg/m®) | 24-h water absorption (% wt.) | Fineness modulus
Limestone filler <0.063 mm 2.77 0.54 -
Limestone fines 0/0.5 mm 2.60 2.57 1.22
Siliceous sand 0/4 mm 2.58 0.25 3.49
Fine RCA 0/4 mm 2.37 7.36 3.11
Coarse RCA 4/12.5 mm 2.42 6.25 6.30

2.2. Mixdesign

First of all, the composition of the mix made with 0% fine RCA (100% siliceous sand) and limestone
filler <0.063 mm was defined. The design objective was to obtain a SCC of slump-flow class SF3 (slump
flow between 750 and 850 mm [12]). For this purpose, the recommendations of Eurocode 2 [13] and
EFNARC [12] were followed, with subsequent empirical modifications to achieve the desired slump
flow. Next, the mixes with 50% and 100% fine RCA and the same aggregate powder were prepared,
performing the substitution by volume correction. The water content was adjusted to compensate for the
high water absorption of the RCA, thus keeping the effective water-to-cement ratio constant (equal to
0.50) and thus also the slump-flow class. The next step was to replace the limestone filler <0.063 mm
with limestone fines 0/0.5 mm. In this substitution, it was necessary to adjust the content of both
aggregate powder and fine aggregate because the limestone fines had a lower proportion of fines than
the limestone filler. Since all the mixtures were of slump-flow class SF3, all the results obtained were
comparable to each other.

Table 2 shows the composition of the mixtures. The mixtures were labelled with the code “N/A”:

o N referred to the percentage of fine RCA added: 0%, 50% or 100%.

¢ Aindicated the aggregate powder used: F (limestone filler <0.063 mm) and L (limestone fines

0/0.5 mm).
Table 2: Mix design.
Component 0/F 50/F 100/F 0/L 50/L 100/L
Cement 300 300 300 300 300 300
Water 185 210 235 185 210 235
Plasticizer 4.50 4.50 4.50 4.50 4.50 4.50
Viscosity regulator 2.30 2.30 2.30 2.30 2.30 2.30
Limestone filler <0.063 mm 165 165 165 0 0 0
Limestone fines 0/0.5 mm 0 0 0 335 335 335
Siliceous sand 0/4 mm 1100 550 0 940 475 0
Fine RCA 0/4 mm 0 505 1010 0 435 865
Coarse RCA 4/12.5 mm 530 530 530 530 530 530

2.3. Experimental tests

The SCC was manufactured using a staged mixing process to maximize flowability [5]. Thus, in the
first stage, all the aggregates and half the water were added. Subsequently (second stage), the cement
and the remaining water were added. In the third stage, the admixtures were poured. After each stage,
the SCC was mixed for three minutes and rested for 2 minutes.

After the manufacture of each mix, the slump-flow test (EN 12350-8 [1]) was performed to check that
the mix had a slump flow between 750 and 850 mm. Subsequently, six 10x10x10-cm cubic specimens
were prepared to determine the compressive strength (EN 12390-3 [1]) and the UPV (EN 12504-2 [1])
by applying the direct method. Both properties were measured at 7 and 28 days, using 3 specimens at
each age. After manufacturing, the specimens remained for one day in the laboratory (20+2 °C and
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relative humidity of 60+5%), at which time they were demolded and stored in a humid chamber (20+2
°C and relative humidity of 95£5%) until the testing time.

3. RESULTS AND DISCUSSION
3.1.  Slump flow

All the mixes presented a slump-flow class SF3, as shown in Figure 3. Therefore, it can be observed
that the use of large amounts of RCA (100% coarse RCA and up to 100% fine RCA) did not prevent the
production of a concrete with high self-compactability if a proper design of the SCC was conducted.
Each modification in the raw materials used to produce the SCC affected its filling capacity:

e The addition of fine RCA increased the slump flow. Although this residue presented a more
irregular shape than siliceous sand and a higher water absorption [10], its higher fines content
compensated for these negative aspects and improved the fresh performance.

e On the other hand, the use of limestone filler <0.063 mm resulted in a higher slump flow of
SCC. The larger particle size of the limestone fines 0/0.5 mm and their more irregular shape
hindered their flow and slightly reduced the flowability of the SCC [8].

B Mixes with limestone filler <0.063 mm
Bl Mixes with limestone fines 0/0.5 mm

50

RCA content (%)

750 770 790 810 830 850

Slump flow (mm)

Figure 3: Slump flow of the mixes (left); slump-flow test of mix O/L (right).

3.2.  Compressive strength

The 7- and 28-day compressive strength of the mixes is shown in Figure 4. All the mixtures exhibited a
suitable compressive strength for structural use [13], although the use of fine RCA caused an
approximately linear decrease in strength due to the presence of adhered mortar in the coarser particles,
the existence of altered mortar particles in the finer fraction, and the increase of porosity of the
cementitious matrix that its use caused [14]. In accordance with this linear trend, the decrease in strength
caused by the addition of 50% fine RCA was lower than expected, with the addition of 100% fine RCA
being much more harmful.

Regarding the aggregate powder, the mixtures with limestone fines 0/0.5 mm had a higher compressive
strength. This is explained by the fact that limestone fines 0/0.5 mm allowed the creation of a higher
quality cementitious matrix [15]. In addition, their higher water absorption (Table 1) allowed for greater
internal curing [15], which caused a more noticeable increase in strength from 7 to 28 days.
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Figure 4: Compressive strength of the mixes: (a) 7 days; (b) 28 days.

3.3.  Ultrasonic pulse velocity (UPV)

The UPV of the mixes at both 7 and 28 days is shown in Figure 5. The values obtained corresponded to
a concrete of adequate quality for structural use, although, according to the equivalence between
compressive strength and UPV exposed in the introduction, slightly higher than expected [6]. A number
of aspects also shown in the compressive strength can be observed in the results obtained:

o First, the UPV increased with age, being higher at 28 days than at 7 days. The development of
strength over time by the cementitious matrix explains this behavior [5].

e Second, increasing the fine RCA content of SCC led to a decrease in UPV. This decrease was
due to the increased porosity of the cementitious matrix when adding fine RCA and to the lower
density of this waste compared to NA [14]. This decrease exhibited a linear trend, especially at
28 days.

e Finally, the use of limestone fines 0/0.5 mm increased the UPV because it created a higher
quality cementitious matrix [15]. As with compressive strength, this increase was especially
notable at 28 days.
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Figure 5: Ultrasonic pulse velocity of the mixes: (a) 7 days; (b) 28 days.

3.4. Statistical relationship between the compressive strength and the ultrasonic pulse velocity

Table 3 shows the relationship between the compressive strength of the SCC and the UPV. It can be
noted that in all cases a high coefficient R2, higher than 95%, was obtained. This shows the validity of
this indirect measure to accurately predict the compressive strength of SCC produced with large amounts
of RCA. Another aspect to highlight is that the regression model obtained had the same expression (same
formula with different adjustment coefficients) regardless of age or whether both ages were considered
simultaneously. This demonstrates that it is possible to standardize this relationship to evaluate the
quality of this type of concrete by statistically adjusting a large number of experimental results [5].

Table 3: Relationship between compressive strength (CS) and UPV.

Aggregate Simple-regression model Coefficient R? (%)
7 days €57 = 00727 = 00032 x UPV,)? 98.82
28 days CS26 = 5.0780 = 0.003% x (UPV,5)? 9.16
7 and 28 days jointly CS = 0.0753 = 0.0(1)32 < (UPV)? 97.57
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4. CONCLUSIONS
The following conclusions can be drawn from the aspects discussed:

e The evolution of the compressive strength and the UPV over time, as well as when modifying
the fine RCA content or the type of aggregate powder was similar, which proves the existence
of a close relationship between both properties.

e The estimation of the compressive strength could be performed accurately regardless of the age
considered.

e The regression model between both magnitudes was always the same (same expression with
different coefficients) regardless of age. This shows that the relationship between both
magnitudes can be standardized.

This paper is only a preliminary evaluation of the prediction of the compressive strength of SCC with
RCA through the UPV. The limited number of experimental values used means that the models
developed are not reliable for their practical application, since it would be necessary to statistically adjust
a larger number of data. However, it shows some useful guidelines for the development of those models.
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