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ABSTRACT
This paper present a multidisciplinary study of Seint lldephonse's College, the first buildingtloé
University of Alcald, founded in 1495 and decla¥¥drld Heritage Site by the UNESCO in 1998. During
the last restoration of the building, carried su2011-2012, all the walls’ coatings were removed the
historical materials came out to light.
The aims of the study were: to identify the diffétretages of the building’s history, supported beat
measuring and sampling; to understand the chandésed by the building in the last five centuriés;
formulate a feasible hypothesis of its initial dgafation. The study integrated a stratigraphiadgtu
based on a photogrammetric survey, a morphologicelysis of the masonry patterns, materials
characterization, a metric analysis of the origirgahaining parts and an architectural assessmethieof
construction chronology. Material samples were makeom the walls of the College and the
characterization results were put in discussior itiblished data, reviewing the historiography e t
building.
Four historical stages were identified, correspogdi: the original 15 century building and the 16
century stone facade; the construction of a clogket and a granite cloister inside the central tyand
during the 1% century; the refurbishment works and change ofinsea religious school in the 49
century; the return of the University in the2€entury. The analysis of the original building&haining
parts allowed to propose a hypothesis of the aalgiwo-storey building constructed with rammed-eart
and brick masonry, which was previously unknowne Bame constructive pattern and metrics was also
identified in the side wall of the University Ch&pehich was built simultaneously to the CollegdeT
original walls did not have any brick-row betwelie tammed-earth boxes, which was commonly used in
the area of Toledo. Instead, this constructive igple is related to the rammed earth constructicsesl
in the area of Spanish-Islamic kingdom of Granddee biography of Cardinal Cisneros could explaim th
use of this technique in the centre of Spain.

INTRODUCTION

The construction of the College began in 1501 Th#eGe was built with rammed earth and
brick masonry, a cheap and fast technigue commdhaattime, and was organized around a
two-story courtyard. The works lasted only sevearyeand the College was ready for lecturing
in 1509.

Since then, the College has suffered many transfboms due to changes of use and
restorations. Only 30 years after the original dindy was finished, the main facade was
replaced by a new one built with stone and designedil de Hontafién. In 1599, Juan de
Ballesteros designed a clock tower which was tobbdt in the south side of the central
courtyard, although a new and smaller tower waallfirbuilt in 1615. The outstanding granite
cloister, which can be seen nowadays, was designddsé de Sopefia and built between 1656
and 1670.

In 1836, the University Complutense moved to Madaid the existing buildings were
abandoned. The College was occupied in 1850 byathey and later transformed into a
religious school that ran until 1931. At last, tiréversity returned to Alcala de Henares in 1977
and the building was completely refurbished acewydo the contemporary necessities.



METHODOLOGY

The study combined bibliographic and graphic histdrdocumentation of the building, a
planimetric survey of the walls, a morphologicablysis of the masonry patterns and other
building techniques, a materials characterizatidnsamples extracted from the walls, a
classification of the materials and building tecjugdis and a metric analysis of the remains of
the original building [1]. The results of materiatharacterization were crossed with the
masonry patterns identified in the walls [2] and 8ombined results were cross referenced with
the historical data and drawings, allowing an idimattion of the constructive techniques and
materials used in the building [3].

The aim of this multiple approach was to obtairultsswhich can support feasible hypothesis
on the original College and to identify a temp@atjuence of the main events occurred during
the last 500 years.

1.1 Initial Works: historical documentation and planitmne survey of the walls.

The first stage of the study was a search in hestarchives to collect of the historical
documents, drawings and photographs. From this/sgeleral detailed facts and dates of the
main elements of the College could be defined.

To obtain accurate drawings of the existing wallphotogrammetry survey was carried out. A
complete set of photographs were taken and codacsing the computer program ASRIX,
developed by Steve Nickerson, member of ICDCH (hdgonal Committee for Documentation
and Cultural Heritage, ICOMOS UNESCO). This prognawdifies the photographs according
to (x, y) coordinates of, at least, four points.inds a laser-distance-meter, the real
measurements of the four segments can be deterndafiding a real size rectangle. Then, the
photographs can be corrected, obtaining a settbbgraphies which can be drawn at real scale
and size with a CAD computer program [4].

1.2 Morphological analysis.

A morphological analysis on the four walls of trentral courtyard was carried out, on the basis
of the drawings and considering the different briokks and materials that could be identified.
The size and shape of the existing voids (windomes doors) were also analysed. The different
materials and masonry works were classified, establ a first set of masonry patterns and
rammed earth stratigraphy and morphology (Figure 1)

1.3 Materials characterization and classification ofngbructive techniques.

In order to identify the materials used in the thinig), several samples were extracted from the
masonry types previously identified: bricks, mostand rammed earth (Figure 1). The samples
were characterized using conventional physic-chaimiechniques [2]. As a result, some
samples could be clearly distinguished based onostizcicture and chemical composition
According to the materials characterization and thaphology analysis, the constructive
techniques were identified and a classificatiothef brickwork and masonry could be done [3].
The result was a complete set of drawings of tlie fealls of the central courtyard, were all the
stratigraphic units were related to the historicrkgocarried out in the building. These
unreleased documents are one of the most impaeantts of the work because they integrate
all the current knowledge available concerninghistory and evolution of the building.

1.4 Metric analysis and hypothesis of the original dinb

The metric analysis aimed to identify the origidahensions of the building elements of the
original College according to the l@entury metric units and the stratigraphic unitsiol
corresponded to that period. The basic units usatiis analysis were the Castilian foot and
vara, according to those used in the XV centuryhi centre of Spain (3 Castilian feet = 1
Castilian vara = 83.59 cm).

RESULTS
Four main stages were identified in the buildingociology, which are summarised in Figure 2.



Stage 1: Foundation of the University (1499) andstouction of the main Facade by Gil de
Hontafién (1553)

The original College was two stories high and wast with rammed earth (tapial boxes)
placed between brick-work piles. The new facadeedtstories high, was built 50 years later
and the north side of the building was elevatedsiosy more, as it can be observed in Figure 2.
The constructive techniques and materials idedtifidich correspond to the original College
were: 3 feet limestone baseboard, tapial boxesnednearth) of 3 by 9 feet, with 3 to 4 putlog
holes horizontally distributed, placed betweenlernork piles of 3 to 6 feet width. The brick-
work used bricks of 4 x 16-18 x 8-10 cm and limastonortar. The walls were covered with a
thin layer of limestone mortar which hid the putlogies. The dimensions of the original voids
(windows) were 4 Y2 x12 feet.

Figure 3 shows the stratigraphic units which cqroesl to the original building discovered on
the four sides of the main courtyard (called Sdinbmas’ Patio). The remaining parts of the
east wall, which corresponded to a theatre origyirja], were used to identify the materials and
stratigraphic units and to propose a hypothesigefinitial configuration. It can be observed
that the same constructive technique and matedbiag with the constructive metrics, can be
identified in all the four walls. Furthermore, thdenstructive technique and metrics have been
also discovered in the side wall of the St. lldepdeis Chapel (Figure 4). It must be highlighted
that the Chapel, located next to the College, wessgded by the same architect and was built
simultaneously with the main College.

The lack of horizontal rows of bricks between taenmed earth boxes was not a usual tapial
solution in the area of Madrid [6]. However, thipé of construction can be found in the south
of Spain, as it has been described in the liteeafdrl0]. In fact, the walls of rammed-earth
boxes between brick-work piles and without horiabririck rows between the boxes were
typical from the Spanish-Muslim architecture (Pai@®@99). The use of this technique in the
original main building of the University of Alcaléan be explained based on the active
involvement of Cardinal Cisneros in the conqueghefkingdom of Granada, which took place
in 1492 and the subsequent baptism of the conwuséims [12, 13]. It can be highlighted the
presence of his right-hand man in the placemetheafirst stone of the university, whom was a
formerly noble Nasrid [14].

With regard to the original building shape and sike results point out that the four sides of the
College were not of the same height originally,rebefore the new facade was built up. The
original north side of the building reached 43 fedtile the other three sides barely reached 31
Y feet of height (Figure 3). Furthermore, the filsor of the north side was, at least, 1 Castilian
vara (3 feet) above the others (20 feet above thengl). This different position of the floors
suggests that the original corridor which faced ¢bartyard did not run uniformly along the
four sides of the building. Actually, it is veryglrably that there was no gallery on the north
side of the courtyard, because the first floor waise probably the main Library of the College
and the access was through a staircase insideuiloini.

According to the plot plan of Alcala de Henaresl8%0 [15] and considering the uses of the
different parts of the College, it can be deduded, toriginally, the main movements inside the
building corresponded to an east-west axis, instédatie north-south axis defined later in the
main building by the symmetric facade, the clookdo and the pavement of the XVII-century
granite cloister. This affirmation is supported twe location of the path between the main
courtyard and other two, located east (CollegeadhtPeter and Saint Paul) and west (known
as the “theatre’s courtyard” and located betweem I®Bephonse’s Chapel and the College’s
theatre).

Stage 2: Improvements in the XVII century: New Klmver (1599) and building of the new

granite cloister (1670)

During the 17 century, two main elements were cangtd in the building: a tower and a stone
cloister. The clock tower was constructed on thalsside of the College. The materials used
largely differ from the ones previously used in thélding. It has been observed that, although



the size and shape of the brickwork match withfthmer (4 x 16-18 x 8-10 cm and limestone
mortar), the composition of both the bricks andrimtar was different [3]. The manufacturing
temperature has been measured to be clearly higdweron the other bricks and the type of sand
of the mortar had a different chemical compositibinis fact could be explained considering the
troubles reported to occur during the tower comsion. According to the historic documents,
the tower was planned to be very high (133 feet] daring the construction important
structural problems emerged. As a consequenceartmtect was dismissed, the tower design
was changed (96 feet) and the brick-work was deshetl and reconstructed, probably with
another contractor. This fact can be observedgarei 3, were the profile of the unbuilt tower is
drawn on the south wall elevation.

To raise the walls of the College due to the corsibn of the granite cloister, a different type
of bricks and brick-work were used in the XVI camtuThe dimensions of the bricks were
larger than before (4 x 26 x 14 cm) and the thiskraf the mortar layers also increase, reaching
4 cm. However, the composition of both, the briekel the mortar were very similar to the
former of the XVI century. The cloister reached teéght of the side walls of the main facade
and the other three sides of the College were &ddva three stories.

These improvements dramatically changed the appearaf the building. The clock tower
emphasized the north-south axis and the cloistarigeed an internal facade and a centre to the
central courtyard. It can be highlighted that tleatee (originally occupied by a small temple)
was slightly displaced backwards in order to emathe perspective, using the pavement
composition which has reached our days.

Stage 3: Rehabilitation works in the XIX century

In 1850 the army located the College of Cavalry arahy new voids (doors and windows)
were opened in the four walls of the central candy accordingly to the new uses of the spaces
(bedrooms, classrooms, canteen, kitchens, stobstables) [16]. Afterwards, the building is
occupied by a Piarist Fathers’ School (1861-1931).

The brickwork used thicker bricks 5 x 24 x 12 cnd anortar layers of 1.5 cm. The chemical
composition and heating temperature greatly dfffem the previous [3]. The works are located
mainly on the sides of the voids and new timbeelswere used to raise the doors in order to
reach the high of the former windows. The samekiarick can be found closing several former
voids and strengthen the east wall. The presereas\and the new ones followed the rhythm
of the granite cloister’s archery, unifying thetdtectural composition.

Stage 4: Restoration and refurbishment works intRecentury

Several interventions of restoration and refurbishimwere accomplished, directed by Anibal
Alvarez (1914 -1927), Santiago Climenty and Eduavtintin-Sonseca (1959 y 1960), Carlos
Clemente (after 1987). The height of the voids diastically reduced, some voids were closed
and a new granite band is placed as a skirtingcbaad framing the voids. During this period,

the Clock tower was demolished. Some reinforcecci@ia elements were constructed in the
walls in specific points, as it can be observedhi& east wall (Figure 3) and the remaining
rammed-earth walls were covered with hollow bricksonry in order to provide a support for a
continuous rendering. The voids’ height was reduoelliding first a false arch and, afterwards,

lowering the lintels. The voids were widened excem two main entrances to the central
courtyard, located on the north and south walls.

CONCLUSIONS

A multidisciplinary study combining historical datatratigraphic analysis and materials
characterization of the St. lldephonse’s CollegéhefUniversity of Alcald was carried out. The
study analysed the remains of the original" fentury construction and the subsequent
transformations of the building, identifying thenstructive materials and techniques used along
500 years.



The integrated analysis was based on a cross-nefage methodology: direct measurements
and materials characterization results were crossetithe combined results were analysed
according to the historical data.

Four historical stages were identified and the nthianges suffered by the building were fully
documented. The new information obtained conceritiigconstructive technique used in the
original building, which was unknown, was relatenl the Spanish-Islamic rammed-earth
techniques used in the south of Spain, especialipe Spanish-Islamic kingdom of Granada.
This hypothesis is supported on the results predemt this study, the published works on
rammed-earth construction in Spain and the biograpiCardinal Cisneros

ACKNOWLEDGEMENTS

This study is part of the Program “Geomaterialegtabilidad y conservacion de geomateriales
del patrimonio construido” (ref. S2009/MAT-1629)nfled by the Community of Madrid. The
authors acknowledge the cooperation in the mastghlaracterization of the researching group
CERVITRIUM (TechnoHeritage C02) of the CCHS-CSIQIdhe search of historical drawings
carried out by I. Matsuki.

REFERENCES

[1] G. Barluenga, L. Laca, R. Undurraga, F. Estirado.hdastlogy for the study of the walls of the Patio®nto
Tomas, University of Alcala. Science and Technolégythe Conservation of Cultural Heritage, CRC Press,
London (2013) 193-196

[2] G. Barluenga, R. Undurraga, F. Estirado, J.F. CoRdeAgua, M.A. Villegas, M. Garcia-Heras. Bricks and
mortars from the “Patio de Santo Tomas”, Alcala wdmsity (Madrid, Spain): a combined study of fabric
characterization and building morphology. Sciennd @echnology for the Conservation of Cultural Heréta
CRC Press, London (2013) 213-216

[3] G. Barluenga, R. Undurraga, F. Estirado, J.F. CoRdAgua, M.A. Villegas, M. Garcia-Heras. Brick masp
identification in a complex historic building, thdain College of the University of Alcala, Madrid (&p),
Construction and Building materials, Elsevier (20(8)press).

[4] R. Undurraga. Técnicas de fotogrametria aplicad#s @nservacion del patrimonio arquitecténico. CSIC
postgraduate course: La conservacion de los Gedalate utilizados en el patrimonio, IGEO (CSIC-UCM)
Programa Geomateriales, Madrid (2012) (In Spanish)

[5] B. Escandell. El Antiguo teatro escolastico del pate Santo Tomas en la universidad cisneriana.léida
Henares: Sociedad de Conduefios (1991) (In Spanish)

[6] L.Maldonado, F Castilla, F. Vela. La técnica dglighen la Comunidad Autonoma de Madrid. Aplicacitn
nuevos materiales para la consolidacion de muraspla. Informes de la construccion, 49 (452) (3997-38
(In Spanish)

[7] A Graciani, M.A. Tabales, 2003. Typological Obs¢iaas on Tapia Walls in the Area of Seville. Pratiags of
the First International Congress on Constructionidtysvolume II, Huerta, S. (ed.); Madrid, (2003)91010.

[8] A. Graciani, M.A. Tabales. El tapial en el areailsmva. Avance cronotipolégico estructural. Arquegih de la
arquitectura 5 (2008) 135-158.

[9] P. Jaquim et al. Historic Rammed Earth StructuresSpain, construction techniques and a preliminary
classification. International Symposium on Eart&#mctures, Bangalore, India (2007)

[10] P. Jaquim. Study of historic rammed earth strustimeSpain and India.The Structural Engineer 86(2RD8)
26-32

[11] B. Pavén, Tratado de Arquitectura Hispanomusulman@iddades y Fortalezas. CSIC, Madrid (1999) (In
Spanish)

[12] K. J. von Hefele. El Cardenal Jiménez de Cisneraslglesia Espafiola a fines del siglo XV y principitel
XVI para ilustrar la historia critica de la Inquigin.Barcelona: Imprenta del Diario de Barcelona6@8§(In
Spanish)

[13] A. Torre. Servidores de Cisneros. Hispania 23 (1948)241 (In Spanish)

[14] A.Garcia. La asimilacién del morisco don GonzalmmBadez el Zegri. Al-Qantara, CSIC 16 (1) (1995) 81-5
(In Spanish)

[15] Plan plot of Alcala de Henares. Plano topografiatastral de Alcala de Henares Parcelario Urbana iBej
escala 1/500. Servicio Geogréafico Nacional del Btaiio de Hacienda. Cartoteca del Instituto Geogpafi
Naciona. (1870)

[16] A. de la Iglesia, 1844. Proyecto del Colegio GendealTodas las Armas, 1844, Alcala de Henares. ®achi
General Militar de Madrid (IHCM).



s W rammed earth bricks: 4 x 16-18 x 8-10 cm

012345m . .
limestone [Wbricks: 4 x 16-18 x 8-10 cm XVII century
M granite M bricks: 4 x 24-26 x 12-14 cm
concrete W bricks: 5 x 24 x 12 cm stretcher

wood M bricks: 5 x 24 x 12 cm stretcher & header

hollow bricks bricks: 5 x 24 x 12 cm header

Figure 1. Saint lldephonse’s College central candy(University of Alcald). Stratigraphic units and
location of samples. a) North wall. b) East wa)lSouth wall. d) West wall. [3]

Stage 1 Stage 2 Stage 3 Stage 4

Stages Dates Works Brick-work type (dimensiofisricks)

1 1499-1553 Main College — Main Facade Rammed Huaith piles(4x16-18x8-10cm)
2 1599-1670 Clock Tower-Cloister Brick-work maspx24-26x12-14cm)

3 19" Cent. Army-—Priarist Fathers Brick-work maso(sy24x12cm)

4 20" Cent Restoration and refurbishment Hollow brick aginforced concrete

Figure 2. Constructive and chronological stagethebuilding. [1]
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— hypothetical configuration of the first patio
— first design of the clock tower
main fagade
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Figure 3. Ground floor plan of the main courtyamﬂ aemains of the original rammed earth-brick
masonry walls of the Saint lldephonse’s College.
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West wall of the St. Ildephonse’s Chapel
Original remaining parts, materials and hypothesis of initial configuration

MRammed earth | Bricks: 4 x 16-18 x 8-10 cm
HLimestone

Figure 4. West wall of the St. lldephonse’s ChaRelmains of the rammed earth-brick masonry walls
and hypothesis of the original configuration.



