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Parametric Tectonics: 
A reflection on the construction of the 

China pavilion for Expo Milano 2015 

1. Summary 

For the 2015 Milan Expo, opening on May 1st, the Republic of China will, for the first 

time, build its own national pavilion overseas. The design concept for the Pavilion comes 

from an understanding of, and reflection upon two themes: “Energy for Life” (the theme 

of Expo Milano 2015) and “Land of Hope” (the theme of the China Pavilion itself). The 

timber roof structure above, the landscape beneath, and the exhibition space between 

are combined to represent the traditional Chinese concept of harmony between the sky, 

the earth, and humanity. With these three elements, the China Pavilion showcases 

China’s agricultural heritage, food culture, and future to visitors. 

 

Figure 1: Rendering of Main Entrance 

2. Landscape to city 

For every Expo, national pavilions generally carry more meaning and significance than 

common public buildings. The form of the China Pavilion is defined by two iconic images: 

an abstract profile of a landscape at the building’s south façade, facing the Expo grounds; 

and an iconic city skyline along the north side facing the river. The exhibition space is 

formed by “lofting” these two profiles together. On the south façade, the abstracted 

landscape profile is split into three “Deep Façades,” that evoke mountain ranges and pay 

respect to traditional Chinese “raised-beam” roof structures. 

 
Figure 2: Landscape/City Profile 
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The form of the pavilion arose from a series of rigorous studies. The final design repre-

sents Chinese culture at a philosophical and spiritual level while still retaining the sym-

bolic quality associated with Expo buildings, instead of using figurative forms, symbols or 

colours to create a simplistic portrayal of Chinese culture. The architectural expression of 

the Pavilion, then, arises from a process of deep thinking regarding rapid urban devel-

opment trends in China, and how to truly achieve a true “Land of Hope,” with common 

prosperity in both urban and rural areas. 

3. Circulation and program 

The China Pavilion’s project site is oriented north/south. From the main entrance to the 

south, visitors will slowly descend into an endless “field of wheat” that defines the ground 

plane of the site. Visitors will enter the building almost unknowingly, with the Pavilion’s 

majestic roof hinting at the dramatic spatial experience within. After wandering through 

the “field,” which incorporates the primary exhibition program, visitors will be led up to a 

central panoramic viewing platform via a gently sloped public stair. Looking back down 

from this platform, people will enjoy a view of a large display defined by a matrix of 

44,000 LED “stalks.” Afterwards, visitors are led into the Multimedia Hall, a space defined 

by a dramatic architectural tension both in plan and section. Then, viewers exit the build-

ing onto a bridge which punctures the Pavilion’s exterior, allowing light, views and fresh 

air into the interior space. The sequence concludes with visitors reentering the Pavilion 

from the bridge into a climactic exit space created by the peak of the building’s south 

elevation and timber roof. 

 

Figure 3: Circulation Diagram Figure 4: Rendering of Exit Space 

Designed to accommodate long wait times inherent to the building’s function, the China 

Pavilion is designed with rich pre-show content in the waiting areas that preface the main 

exhibition program.  A restaurant located to the north of the building will allow all visitors 

to experience Chinese food culture firsthand. In addition to the exhibition space, multi-

media hall and restaurant, the Pavilion is equipped with VIP reception spaces, offices, 

and shops, allowing the building to meet the needs of visitors, VIPs, and staff members. 

An independent VIP and office entrance is located to the west of the site. The primary 

exit is located on the southwest, adjacent to a souvenir centre and outdoor teahouse. An 

independent service entrance to the northeast leads to the kitchen and storage. 
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Figure 5: Section 

4. Four roof layers 

In order to create a light roof that creates the long span required by the building’s exhibi-

tion program, the China Pavilion roof is defined by a glulam structural system. The roof 

includes four layers (from bottom to top): a steel and timber roof structure, a PVC wa-

terproofing layer, a system of panel supporters, and finally, the parametrically designed 

bamboo panels. 

 

Figure 6: Roof System Diagram 

4.1. Steel and Timber: The Contemporary Expression of a  

Traditional Building Material 

A hybrid steel and glulam structure is used to create the long span spaces within the 

China Pavilion- the roof is a contemporary presentation of traditional Chinese timber 

structure. Glulam structure was part of the design from the very beginning of the design 

process, due to the fact that glulam industry is highly developed in this area of Europe 

(Northern Italy, Germany and Switzerland). At the same time, glulam timber structure 

creates a warm interior space in line with the image and cultural identity desired by the 

architect. 
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Figure 7: Rendering of East Facade 

The main roof structure is composed of thirty-seven east/west rafters, with around forty 

purlins running north/south. In order to maintain the overall strength of the roof struc-

ture, five steel cable trusses running north and south as well as six steel rafters running 

east and west make up the Pavilion’s base steel structure. Transferring loads to two 

cores in the south and north, the steel structure works like a shoulder pole, carrying the 

whole building and realizing the long-space, column-free exhibition spaces below. With 

roof spans as long as thirty-seven meters, and a glulam beam depth restricted to either 

forty-six or fifty-six centimetres, the roof structure embodies precise engineering, and 

the adaptability of timber structure. 

The collaboration with New York-based structural engineering firm Simpson Gumpertz & 

Heger started in the beginning of 2014. The design teammade three primary requests: 

1. To incorporate cost and feasibility concerns from the very beginning of the design  

process. 

2. To work within the architectural concept and keep the transition between the city  

skyline and the landscape profile. 

3. To minimize the expression of the structure, and to allow the space to speak for itself- 

an overemphasis on the physicality of the structure would have been an overt Western 

approach not in line with the project’s Asian sensibilities. 

 

Figure 8: Interior Model Shot 

During the project’s design development stage, SGH proposed a rigid roof structure with 

eight to twelve steel reinforcing bars running through the rafters, with rigid moment 

joints at each intersection in the roof. While this design corresponded to the original ar-

chitectural dimensions of the roof structure, the complexity of the design raised some 

feasibility concerns, given the project’s tight schedule. After coordinating with F&M 
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Ingegneria, the Pavilion’s Italian engineer of record, the three parties solved the con-

structability problem by deepening the timber rafters from 46 cm to 56 cm and by re-

placing some timber rafters with steel. In addition, the typical roof joints were simplified 

to steel plate connections without embedded reinforcing bar. 

 

 

Figure 9: Roof Joints 

Given the complex roof geometry, there is a three-dimensional intersection (meaning it 

cannot be drawn in plan and section) formed where timber rafters, timber purlins, steel 

rafters and steel purlins meet. In all, there are 1400 roof joints- each one is different. 

Every joint is made with two components: built-in steel plates and joint pockets in the 

glulam rafters and purlins. These 1400 joint pockets are precisely cut by CNC (computer 

numerical control) milling equipment. As each steel and timber structural element is ex-

posed, rigorous coordination between American and Italian structural consultants and 

various engineers from China, America, and Italy. Subcontractors and technicians work-

ing in Italy used three-dimensional models to communicate with the design team, effec-

tively bypassing the traditional shop drawing process, and allowing the design team to 

devote its energy to the visible portions of the structure. 

During the twentieth century, contemporary architecture was dominated by steel and 

glass, with timber structure finding less expression due to its relative complexity. How-

ever, increasing awareness of sustainable design and advanced fabrication techniques 

have allowed architects and contractors to rethink the use and significance of timber 

structure- the fact that many national pavilions in Expo Milano 2015 are using timber 

attests to this fact.  

While glulam technology is highly developed in the United States, Europe and Japan, the 

use of timber structure in contemporary architecture in China is only just starting. We 

hope that the China Pavilion will inspire more experimentation with timber structure in 

China. 

4.2. The PVC Waterproofing Layer: A High-Tech,  
Translucent “Fan” 

One of the most challenging components of this building was the horizontal translucent 

PVC membrane located between the bamboo panels and the Pavilion’s timber roof struc-

ture. As an in-between layer, this membrane needs to be waterproof, but should also 

allow the bamboo roof panels to be visible from beneath. As such, this layer is the least 

visible element, but one of its most technically demanding components. 
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Figure 10: Waterproofing Layer Detail Figure 11: Waterproofing Layer Unrolled Diagram 

Due to the roof’s unique geometries, the PVC strips form irregular shapes when unrolled. 

This layer is fabricated as thirty-four continuous PVC bands running east-west and in-

stalled on the rafters Through the translucent PVC (which has a translucency of 65%) 

viewers will be able to see vague shadows of the panels, creating a uniquely dappled ef-

fect below. 

4.3. Supporters on “Hidden Axes” – the Panel Support System 

Another major technical challenge was the configuration of the supporter system that is 

affixed to the top of the rafter and attaches to the bamboo panels above at multiple loca-

tions. There are two major precedents for this system typology (connections between 

panels and structure). In the first approach, each supporter is exactly the same while 

every panel is prefabricated to a unique shape in order to accommodate the roof’s form. 

A number of projects by Zaha Hadid exemplify this approach, which implies great con-

struction cost and intensive labor. In the second approach, each panel is the same, with 

each supporter adjustable. This approach requires more time for site installation, and 

also limits the ability of the panels to smoothly match the roof geometry. Due to time 

and budget constraints, the design team had to find a balance between rationalizing the 

panel shapes and regularizing the supporter heights through a rigorous parametric analy-

sis that lasted five months. In the end, both the number of panel types and the number 

or supporter heights were reduced to reasonable amounts in order to accommodate the 

schedule and construction budget. 

 

Figure 12: Finding Balance 

In order to allow the panels to form seamlessly to the roof profile while avoiding colli-

sions between them, each bamboo panel is slightly tilted. As a result, the height of each 

panel supporter is different, and in addition, some supporters carry multiple panels- up to 

three. Through a careful research and coordination process the design team created a 

series of hidden north-south axes that determined the supporter locations, and then ad-

justed the supporters on each axis to roughly the same length while ensuring that each 

panel would be carried by four supporters. Through this process, the problems of panel 
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support, gaps between staggered panels, connections to the waterproofing layer and 

panels were solved seamlessly. 

Regarding parametric design, the coordinates of supporters and the spacing of bamboo 

panels are the direct result and development of and adjustment from a series of points 

extracted from the surface defined by the building’s north and south profile. This process 

is not intuitive, but rather is preset, and the final form is decided by judging the results 

of the process. After completing this process, the design team created a handbook for 

construction, nicknamed “Detail,” which was then provided to the Italian subcontractors 

as a guide. With the help of this handbook, the roof panels were assembled quickly and 

efficiently, much like IKEA furniture. 

4.4. The “Scripted” Bamboo Roof: The Bamboo panel system 

The top layer in the roof system is a system of sunshades composed of bamboo-covered 

aluminium panels. Based on a transition between two parametric line types - the NURBS 

curve to the south (the landscape profile) and the polyline to the north (the city skyline), 

this form is not actually “designed” via a process of aesthetic judgement- rather, it is 

computed  or “scripted”. 

Simplified via a process of parametric analysis, the panelling system consists of 1052 

individual panels. Each panel measures around three meters by one meter, and are di-

vided into four primary categories: Square, Trimmed, Folded, and Double-Folded. Like 

the roof system itself, the bamboo panels are conceived as a series of layers, with 70 

mm wide strips of bamboo on the top (accommodating the scale of the exterior) and 50 

mm wide bamboo strips below (responding to the more intimate scale of the building’s 

interior) with a 50 mm x 50 mm aluminium fram in between. After talking with bamboo 

manufacturers in the provinces of Zhejiang and Jiangxi, the architect chose to use pre-

fabricated bamboo strips that are inexpensive, corrosion-resistant, and uniformly colored. 

The bamboo strip and aluminium frames are prefabricated in China, and then transported 

and assembled in Torino, Italy. 

 

Figure 13: Panel Type Count Figure 14: Configuration of Bamboo Panels 

Early in the process, the architect decided that, for the roof, texture was more important 

than the pattern of the interlaced bamboo strips. A final porosity of 75% was decided 

upon in order to reduce the amount of direct and reflected light into the interior and also 

to provide shading in the summer. The weight of each panel was limited to a maximum 

of 65 kg in order to simplify installation- according to Italian building regulations, any 

roof panel weighing over 70 kilograms must be installed by a team of three.  

The bamboo texture flows along the roof on the tilted panels, covering the pavilion with a 

delicate and warm woven layer. Inside, the evocative light and shadow effects created by 

the panels on the PVC will change with the time and season. The space created by the 

roof, in which nature is the primary element, is the best representation of Chinese space. 
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Figure 15: Interior Model Shot 

5. Reflecting on new challenges and tasks for  

contemporary Chinese architects 

With a limited budget (with an area six times of the Vanke Pavilion for Expo Milano 2015, 

but only one third of the budget) and schedule (only seven months for construction), the 

design team hopes to embody the Chinese spirit by making full use of local building ma-

terials and craft as well as the most contemporary parametric technologies. 

The project team is international in its makeup. With the Tsinghua Academy of Arts & 

Design as the core of the design team, the architectural design was completed in Beijing 

and New York. The Pavilion’s structural consultants are based in New York and in Italy. 

The project’s parametric design consultant lives in Los Angeles. The Pavilion’s enclosure 

consultants are located in Shanghai and Torino, and the MEP consultants are located in 

Italy and Beijing. The Italian general contractor has previously worked with Renzo Piano 

and Daniel Libeskind. The team that was assembled to install the PVC layer, panel sup-

porters and roof panels hails from Germany and consists mostly of professional moun-

taineers. This complex international collaboration calls for intensive coordination, in order 

to make the collaboration more efficient. 


