
 Martorell Bohigas and Mackay (MBM) 
asked Peter Rice in 1988 to participate in the 
design for the Pavilion of the Future. This 
was to be a spectacular building for the 92” 
World expo. The Universal Exhibition was 
held in Seville and was to be the largest of 
its kind. The event coincided with the 500th 
anniversary of Christopher Columbus’s dis-
covery of America and therefore Expo 92 
was given the theme ‘The age of discovery’. 

 Rice had previously been amazed by 
the Ajuda Palace in Lisbon(see pic below). 
This building was built around a quadrangle 
but one side had been left unfi nished. The
construction stopped when Napole-
on attacked and the construction never 
resumed.Rice was fascinated by the 
fact that the building even stood and this 
inspired him to construct a building which 
resembled the fragment of an aqueduct.
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The fully assembled section of the 
granite column stands at fi ve meters in 
height.  Each column is then fi xed to-
gether with a steel box section that is 
sandwiched between the two columns. 
There is a predrilled hole in the center on 
both columns and the steel box section, 
a steel bolt is then slotted in and tighted 
to specifi cation. There is also an epoxy 
layer as well which gives the connection 
added strength. On either side of the 
plate is a connection from the steel ten-
sion cable. These are needed to transfer 
the structural loads down to ground level.
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"Rice was, perhaps, the James Joyce of structural engineering. His poetic 
invention, his ability to turn accepted ideas on their head and his rigorous 
mathematical and philosophical logic made him one of the most sought-after 
engineers of our times." Quote by Jonathan Glancey 
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History of Peter Rice 

Irelands most prestigious structural engineer Peter Rice   (1935–1992) was born in number 52 Castle 

road, Dundalk, County Louth. He studied in Queen’s University in Belfast where he originally studied 

Aeronautical Engineering but switched to Civil Engineering in which he received his degree. He then spent a 

further year in The Imperial College. When finishing his studies he was taken on by Ove Arup & Partners 

where he was appointed to work on his first project which was the roof of the Sydney Opera House in Sydney 

Australia. 

1   2
 

52 Castle road, Dundalk    Queen’s University in Belfast 

Project History 
• Sydney Opera House, Sydney, Australia; 1957 

• Crucible Theatre, Sheffield; 1967 

• Amberly Road Children's Home, London; 1969 

• National Sports Centre, Crystal Palace, London; 1970 

• Arts Centre, University of Warwick, Coventry; 1970 

• Perspex spiral staircase, jeweller's shop, Jermyn Street, London; 1970 

• London Stansted Airport 

• Super Grimentz Ski Village, Valais, Switzerland; 1970 

• Conference Centre, Mecca, Saudi Arabia; 1971 

• Special structures advice to Frei Otto and others on pneumatic and  
cable structures including "The City in the Arctic"; 1971 

• Centre Pompidou (Beaubourg), Paris, France; 1971 

• Jumbo jet hangar, Johannesburg, South Africa; 1976 

• TGV Station Lille; 1994 

• Mobiles Zelt in London London; 1992 

• TGV Station Roissy; 1991–94 

• Elektronikfabrik Thomson Saint-Quentin-en-Yvelines; 1990 

• Umbau des Louvre Paris-1er; 1988–93 

• Cité des Sciences et de l'Industrie Paris-19e; 1986 

• De Menil Collection Houston; 1981–86 

• IBM Pavillon 1980–84 

• Quartierslaboratorium' für Stadterneuerung Otranto; 1979 

• Residential Complex Corciano; 1978–82 

• 'Pabellón del Futuro; Seville, Spain; 1992 

                                                           
1https://maps.google.ie/maps?um=1&hl=en&q=castle%20road%20dundalk&bav=on.2,or.r_qf.&bvm=bv.52434380,d.Z
GU,pv.xjs.s.en_US.RJfod4swqLE.O&biw=1440&bih=717&dpr=1&wrapid=tlif138001277859011&ie=UTF-
8&sa=N&tab=il 
2 http://uniadmission.com/news-events/queens-university-belfast/ 

History of Pabellón del Futuro 

 

1988, Peter Rice was invited by architect David Mackay (b.1933) of Martorell Bohigas Mackay (MBM) to 
join the design team for the Pabellón del Futuro (Pavilion of the Future, engineer: Ove Arup & Partners), one 
of six themed exhibition halls proposed for Expo '92 in Seville.  The client for the Expo '92 project, Pabellón 
del Futuro, wanted a spectacular building. The architects decided on tall structure that would impress 
visitors, running along the face of the exhibition hall and supporting its waveform roof and canopy.  

The Universal Exhibition was held in Seville during 1992 was claimed by its organiser Expo '92 to be 

the largest of its kind. The event coincided with the 500th anniversary of Christopher Columbus's discovery of 

America and hence Expo 92 was given the theme 'The age of discovery'. The Pavilion of the Future (in 

Spanish: El Pabellón del Futuro) was one of several permanent dramatic pavilions commissioned by the Expo 

'92 SA, which were destined to house exhibitions based on this broad theme. The pavilion held a prominent 

location in the Expo '92 site, and its architects, Martorell, Bohigas & Mackay (MBM), saw the eastern facade 

as the key component of the building's design. They wanted it to be a visually impressive structure which 

would support the roof over the pavilion halls and act as a decorative screen to the ornamental gardens in 

front of the pavilion.  

 

  

 
‘On a visit to Lisbon in 1989 I saw the unsupported wall of the Palacio do Ajuda . I thought that if that wall 
had stood for 200 years it should be possible to design something like it. When the architects Martorell, Bohigas 
Mackay required a spectacular structure and the site were linear I thought of the facade of this Palace and felt now 
was the time to try. In development it became the stone arches. The use of stone stemmed from realising that stone 
and glass have similar physical characteristics, and that the techniques developed for the glass could also be developed 
to enable stone to be used structurally. We were also at a point in time when computer software could enable us to 
examine the true behaviour of stone construction, as explained by Heymann in his book on traditional stone bridges. 
The development of a flip-flap system of analysis was part of this. Finally stone cutting is now very accurate, 
because of the demands of facade architecture, and Spain is its home. The rest was inevitable’.3 
 
 
 

Site Location 

                                                           
3 EXPLORING MATERIALS The work of Peter Rice, Royal Gold Medallist 1992, Royal Institute of British 
Architects,66 Portland Place London W l N 4AD,June 30th - August 25th 1992.  
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Location of Seville in Spain    Location of the Site in the city of Seville  

The Site is located in Seville which is in the southern region of Spain. On the outskirts of the main city the site 
is located in the North West area of the city.  

 

6  7 

Site Boundary      Building Location on Within Site Boundary 

 

The site on the map is in the region of 215 hectares and is sandwiched between the Rio Guadalquivir and the 
Canal de Alfonso XIII. The building is directly orientated north south which overlooks the formal gardens 
and the Canal de Alfonso XIII. The Pabellón Del Futuro is acceded by the Camino de lo Descubrimientos.  

Site Enviroment 

                                                           
4 http://www.europe-internship.com/tag/practical-training/ 
5 https://maps.google.ie/maps?hl=en&tab=wl&authuser=0 
6 https://maps.google.ie/maps?hl=en&tab=wl&authuser=0 
7 https://maps.google.ie/maps?hl=en&tab=wl&authuser=0 
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9 

 

                                                           
8 http://www.worldweatheronline.com/Seville-weather-averages/Andalucia/ES.aspx 
9 http://www.worldweatheronline.com/Seville-weather-averages/Andalucia/ES.aspx 
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10 http://weatherspark.com/averages/32062/Sevilla-Andalucia-Spain 
11 http://weatherspark.com/averages/32062/Sevilla-Andalucia-Spain 

12 

Site Topography 

13 

Site Plan 

 

 

14 

Site Section 

                                                           
12 http://weatherspark.com/averages/32062/Sevilla-Andalucia-Spain 
13 http://www.mbmarquitectes.cat/proyectos_detalle.php?id_proyecto=28&id_sub_categoria=5 
14 http://www.mbmarquitectes.cat/proyectos_detalle.php?id_proyecto=28&id_sub_categoria=5 

To the east side of the 

pavilion is a formal 

garden which is planted 

with trees and foliage. 

On the boundary of the 

gardens is the Canal de 

Alfonso XIII. On the 

west elevation a storm 

drain runs parallel to 

the building which is 

connect to the Rio 

Guadalquivir. 
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Design Intent  

The main focal point for the design of the Pabellón del Futuro was the stone facade on the east 

elevation of the pavilion. This was the main influences of Peter Rice’s design on the building.  He was inspired 

by a business trip he took to Lisbon where he saw the Palácio Nacional da Ajuda.  

The Ajuda National Palace was built on the site of a temporary wooden building in 1755 to house the 

royal family at the time as the provisions building had been damaged after a earthquake and tsunami. The 

Building was begun by architect Manuel Caetano de Sousa, who intended a late Baroque-Rococo building. 

Later, it was entrusted to José da Costa e Silva and Francisco Xavier Fabri, who planned a magnificent 

building in the modern neoclassical style. Over time the project has undergone several periods when the 

construction was stopped or slowed due to financial constraints or political conflicts. When the Royal Family 

had to flee to Brazil (in 1807), following the invasion of Portugal by French troops, and the work proceeded 

very slowly with Fabri taking charge of the project, later followed by António Francisco Rosa. Lack of 

financial resources would also a result in the reduction of the projects scale. The construction of the Ajuda 

Palace, which began in 1796 and lasted until the 19th century, was a project plagued by various/diverse 

political, economic and artistic/architectonic problems.[1] It was invaded by Napoleon's troops in 1807, and 

discontinued by Liberal forces who imposed a constitutional monarchy that reduced the power of the 

monarchy.[1] Artistically, it was a convergence of the Baroque styles from Mafra, very connected to regal 

authority, with the birth of the Neoclassic style from Italy.15 

16 

 

Peter Rice ‘I mused at the time that it was surprising that it stood up, but it was there, proof positive that it 
worked. It was not unlike the medieval ruins of churches, visible through Europe. Obviously such structures must be 
stable. I was very interested and thought one day I would build a structure like that’.17 

                                                           
15 http://en.wikipedia.org/wiki/Ajuda_National_Palace 
16 http://commons.wikimedia.org/wiki/File:Pal%C3%A1cio_Nacional_da_Ajuda_-_P%C3%A1tio.jpg 
17 Kevin Barry, Traces of Peter Rice: The Lilliput Press Ltd, 2012 

 

18 

 

Aqueduct of Segovia 

Peter Rice ‘the search was then on for a form for the facade. From the beginning we had postulated that to 

justify the facade it should be used to support the roof of the pavilion behind. At a philosophical level we theorized 

that the facade or screen should be like a modern ruin, like a fragment of a viaduct or the aqueduct that we had found 

in Southern Spain and it was this notion that gave us the idea for the form. A series of arches seemed a reasonable 

and logical form for the screen to take’. 19 

20 

Elevation of Stone Facade 

In this picture we can see the design intent from Peter Rice as he described in the extract above. Their 

is eleven roman style arches which are connect by intermittent gothic style arches to form the stone facade. 

The steel tension cables weave its way between the stone and the roof emphasizes the form of the facade.  

                                                           
18 http://tripplan.com/aqueduct-of-segovia 
19 Kevin Barry, Traces of Peter Rice: The Lilliput Press Ltd, 2012 
20 http://www.mbmarquitectes.cat/proyectos_detalle.php?id_proyecto=28&id_sub_categoria=5 
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Design Approach 

The design approach from the start was the facade to be constructed with stone. Granite is a light-

coloured igneous rock with grains large enough to be visible with the unaided eye.  It forms from the slow 

crystallization of magma below Earth’s surface.  Granite is composed mainly of quartz and feldspar with 

minor amounts of mica, amphiboles and other minerals.   This mineral composition usually gives granite a 

red, pink, gray or white colour with dark mineral grains visible throughout the rock.21 Granite is a structural 

and ornamental stone, and due to its high strength and durability, it is used for massive structural work. 

Fine-grained granite is used for ornamental, monumental and inscription purposes. It is the hardest of 

structural stones and that is why it is an ideal choice for flooring, counter tops, vanities and exterior 

applications.22 These were the main reasons why the design team decided on granite as the core material to 

construct the facade. 

23           24 

North-western Spanish Granite 

The next decision Peter Rice was the profile of the columns themselves was going to take shape. 

Normally a stone column would be square, but in a tall facade this has its downfalls. Firstly the extra weight 

that has to be supported and secondly additional bracing would have to be incorporated into the structural 

design to deal with the wind loads on the facade. The hollow core does reduce the overall weight of the column 

but it still has the problem with wind loads on the surface and manufacturing methods would be timely and 

costly. 

          

Window load on solid column     Hollow column 

                                                           
21 http://geology.com/rocks/granite.shtml 
22 http://www.fgco.biz/granite_stone_information.aspx 
23 The granite was quarried in blocks of 200X200X1400mm and transported for assembly. 
24 http://www.bfrandassociates.com/naturalstone101.html 

 

The third option was to maintain the structural strength of the column but reduce the surface area 

which will reduce the amount of wind pressure on the face of the column, by cutting down on the material 

used there was a reduction in the cost the manufacturing the stone column. The column’s overall dimension is 

800X800mm in width and depth which is 0.64M2. Each column is 200x200mm in width and dept(0.04M2) 

which adds up to 0.16M2 as there are four columns. This reduced the over material of 0.48M2, which is a 31% 

reduction in granite used. 

     

Wind pressure on column    Red area indicated materials reduced. 

                         

 

  

Step one in the column process 

is the base stone which has 

steel pins connected 

Step two is when the four 

supports are connecting to the 

base stone by the steel pins 

and epoxy resin. 

Step three the four granite 

supports are cap and the 

process is repeated twice more 

to complete a full column. 
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Exploded view of one granite column    A fully complete column 

The fully assembled section of the granite column stands at five meters in height.  Each column is 

then fixed together with a steel box section that is sandwished between the two columns. There is a predrilled 

hole in the center on both columns and the steel box section, a steel bolt is then sloted in and tighted to 

specification. There is also an epoxy layer as well which gives the connection added strenght. On either side of 

the plate is a connection from the steel tension cable. These are need to transfer the structural loads down to 

ground level. 

             

Explodded view of connection between columns  View of connection assembled. 

Construction process of the Stone Columns 

             

Stage 1   Stage 2   Stage 3  Stage 4   Stage 5 

The precast stone columns were constructed off site including the steel braceing. When the system 

arrived on site the first unit was cranned onto concrete columns and the fixed into place. The sequence 

continued up five levels. The top gothic archs were asseble off site also so when it came to instalation on site it 

was relativley straight forward. 

                 25  26

  

View of one section of stone column  Peter Rice inspecting the stone Granite being parpered to hoist  

                                                           
25 http://www.engineering-timelines.com/who/Rice_P/ricePeter9.asp 
26 http://www.engineering-timelines.com/who/Rice_P/ricePeter9.asp 
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Construction process of the Stone Arch 

For the arches, advantage was taken off that the load capacity of a stone arch is primarily dependent 
on its geometric proportions. Compressive stresses within stone arches are normally well below the crushing 
strength of the stone, it is possible to reduce the cross-sectional area of an arch without significantly reducing 
its strength, so long as the overall geometric depth of the arch profiles maintained. By hollowing out the stone 
units from which the arch is compromised, it was possible to reduce the amount of stone used, while 
maintaining its overall geometric stability. The same opening-out principle was applied to the stone column 
elements of the facade. Here again, while removing most of the overall column section, compressive stresses in 
the stone could be maintained well below its crushing strength. By maintaining stone in the outside corners of 
the section, the column retained adequate stability under axial load. Significant shear loads in the columns 
were avoided by ensuring that all horizontal (wind) loads on the facade were transmitted to ground by a 
complementary steel bracing system within the towers.27 

 

Although the basic theory of a stone arch's stability is well established and is quite simple in principle, 
the practical methods of analysis required to demonstrate an arch's strength prove less straightforward. The 
difficulty arises primarily because of the non-linear structural behavioural of stone arch.28 

 

29 

                                                           
27 The Structural EngineedVolume 72/No 11/7 June 1994 
28 The Structural EngineedVolume 72/No 11/7 June 1994 

 

The construction method of the arch is the same method as the Romans used while construction the 
aqueducts across Europe and Southern Spain. The Romans gained much of their engineering skill from the 
Etruscans. From them, the Romans learned the use of the keystone arch, which enabled them to build 
extremely strong and durable bridges. The Romans solved this problem by using a type of construction called 
voussoir arch with keystone. 30 Voussoir means a wedge-shaped brick used in the building of an arch. 

 

 

Construction stage 1 

 

 

Construction stage 2 

 

                                                                                                                                                                                                          
29 The Structural EngineedVolume 72/No 11/7 June 1994 
30 http://jaysromanhistory.com/romeweb/engineer/art2.htm 
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Structural investigation into stone arch 

 

The diagram above describes how the structural forces are transferred throughout the structure from 
the top of the thirty seven meter stone arch all the way to the foundations. This stone facade plays tricks with 
your natural senses as most people wonder how this stone façade is standing up. It does and it has stood for 
over twenty years. Not alone did Peter Rice design a two hundred and fifty meter long facade at thirty seven 
meters in height up by itself but he then decides that he wants the stone facade to structural support the roof 
of the main pavilion. Instead of fixing the tension cables to the ground to transfer the forces to the 
foundation, Peter Rice cunningly uses the self weight of the roof structure to keep the arch itself in 
compression. This gives the structure a very elegant and a delicate look. 

 

Diagram showing how the steel trusses are being supported from the steel tension cables that are fixed to the 
stone arch. 

 

Close up view of the fixings of the tension cables to steel beams. 
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Overview of Steel Structure 

 

Plan the Pabellón del Futuro showing the structural grid 

 

 

Three dimensional model showing the structural profile of the Pabellón del Futuro 

31   32 

                                                           
31

 http://www.engineering-timelines.com/scripts/engineeringItem.asp?id=1294 
32 http://juliperezcatala.com/proyectos/equipamientos-ocio-cultura-pabellon-expo-92.php 

 

The steel beam is supported at two points.  As indicated on the pervious page one end of the steel beam is 
hung from the tension cables which are fixed from the granite stone arch. The other side of the steel beam is 
fixed to a steel post which splays into three legs which disperses the loads to the foundation.   

 

The main structural beam system for the roof is steel curved castellated beam. The beam is constructed from 
steel box section with internal struts that transfers the load very delicately to the two main supports. 

 

 The Steel frame at main entrance is a focal point for the grand entrance. This supports two walk ways 
above and has the mark of Peter Rice as it has style and function rolls all into one. 
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Sequence of Construction 

 

 

 

Stage 1; Foundations and concrete up-stands poured into place. 

 

 

 

Stage 2:  Preassembled stone and steel cross bracing craned and bolted into place. 

 

 

Stage 3; Stone façade completed with gothic and roman arches in place. Tension cables fixed and ready for 
steel roof system to be fixed.  

 

Stage 4; Steel roof trusses are craned into place and fixed to tension cables on stone facade and steel supports. 

 

 

 

Stage 5; Secondary steel fame, stairs and end supports are fixed to the main.  

 

 

 

Stage 6; Steel C channels are fixed to the top of the steel roof truss. 

Precedents 
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In the project Pabellón del Futuro there were a couple of areas that influenced the design. The objective for 
Peter Rice and the architects was to create a modern day ruin and the building that inspired Peter Rice to 
this concept was The Ajuda National Palace. 

33 

The Ajuda National Palace unfinished facade. 

34     35 

Ruins of a Church, Sicily, Italy, Europe    Lisbon - Ruins of the Carmo Church 

 

                                                           
33 http://www.historvius.com/ajuda-national-palace-1238/ 
34 http://eu.art.com/products/p611066259-sa-i4038233/posters.htm 
35 http://goeurope.about.com/library/phot/bl_lisbon_carmo_1.htm 

36 37 

Investigation into how stone arch bridges worked and notably following the methods developed by Professor 
Jacques Heyman in his developed model of the stone arch voussoirs. 

38 

 

 

  

                                                           

36 JACQUES HEYMAN FREng EMERITUS PROFESSOR OF  
ENGINEERING, UNIVERSITY OF CAMBRIDGE, Why ancient cathedrals stand up, The structural design of 
masonry 
37 http://commons.wikimedia.org/wiki/File:Ancient_Roman_triumphal_arch_of_Medinaceli-Spain.jpg 
38 http://www.theworldisabook.com/2906/segovia-day-trip-with-kids/ 

The aqueducts of southern Spain were also precedents for The Pabellón del Futuro. Spanish stone 
has been used in construction since pre roman times and Peter Rice wanted to show how far the 
stone technology has evolved and want could be done. 
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Rough Work 
 

















































































































http://www.sevilla5.com/city-map/cartuja.html
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