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Context

This paper aims to become an article/chapter as part of my PhD. The aim of my research is to understand urban transport projects as designed sociotechnical objects. I do so by examining two cases: Transmilenio in Bogotá and the Metro in Copenhagen. I have published two articles so far examining aspects of these projects: 

· Valderrama A. and Beltran I. (2007) “Diesel versus compressed natural gas in Transmilenio-Bogotá: innovation, precaution, and distribution of risk”, Sustainability: Science, Practice, & Policy, 3 (2007). Available at http://ejournal.nbii.org/archives/vol3iss1/0608-025.valderrama.html 
· Valderrama A. and Jørgensen U. (2008) “Urban transportations systems in Bogotá and Copenhagen: An approach from STS”, in Journal of Built Environment 34 (2). Also available on request to ava@ipl.dtu.dk 
Knowledge and Engineering Practice
The interest in this paper is to examine the knowledge dynamics involved in the making of urban transportation projects: who gathers the knowledge, how, what counts as knowledge, what is disregarded and so on. I have more information on the cases from interviews I have conducted, than any articulated thoughts about the information I have collected so far. Therefore, I will proceed to tell three short stories only from the Transmilenio case I have collected and then in the last part I will try to articulate some hypotheses to move ahead. In Valderrama and Jørgensen (2008) there is a short description of the cases I am studying, so please look into that paper for an introduction to these projects. In Valderrama and Beltran (2007) there is a short description of the Transmilenio case.
Bus selection in Transmilenio
The process to select a new bus for the Transmilenio bus system in Bogotá was developed in various phases and with the participation of different types of engineers, belonging to different organizations. The process was managed by the Transmilenio Group Project (TGP) during 1998 and 1999, then a small organization of planners working for the municipality of Bogotá, and paid by UNDP. The group was a mixture of different young professionals, and the technical details of the buses was managed by Juan Carlos Diaz and German Lleras, both young Civil Engineers graduated from Los Andes University.  
In the first stage the TGP invited bus manufacturers from different countries to propose a vehicle for the new project. Transmilenio was to have an initial brand new fleet of 450 buses, so the negotiation power of the group was high in front of the bus makers. The one that presented the best machine would have a clear advantage as possible provider. The TGP, though, was not to select a bus manufacturer as provider, but to define the characteristics of the new bus to be used in Transmilenio. This stage had also two other objectives at least: first, to prove machines in the local conditions (Bogotá is located in a plateau about 2.600 meters above the sea level; with 30% less oxygen and density in the air, the design of machines has to be ajusted). And second, the buses were to be exhibited in the city as part of a strategy to motivate public attention in the project of re-organization of public transport in Bogotá. 
The technical tests of the buses were sub-contracted by the TGP with the Department of Mechanical Engineering of Los Andes University. This entity produced a technical report highlighting the advantages and disadvantages of the different vehicles; grouping them according to the type of fuel they used (diesel or CNG). The technical report does not provide a clear measure as to which kind of machine is better, or which provider might be the best one. It is quite neutral, objective…and clean. 
After interviewing the head of the group that conducted the tests Professor Jaime Lobo-Guerrero various non-written aspects of the report became apparent: first, there was a clear political position of the engineers regarding the type of machine that should be used. They preferred diesel engines because they were a proven technology. Furthermore, diesel engines were more forgiving when operating far from the optimal calibration point (the argument being that a CNG machine is cleaner only if it is correctly and very precisely calibrated). Second, CNG seemed to be a promising technology, but was not “mature” at the time (there was high uncertainty regarding maintenance costs and one CNG machine, which was very impressive functioned very well with the fuel it had when imported, but failed when operated with the local fuel); and thirdly, Bogotá was not to be used as an experimenting laboratory. 
Engineers were acting politically. They had a sense of what was desirable for the city, and what was risky. The technical information they gathered became part of their socio-technical judgement. This information was passed on to the contractor not in the technical report where it was just hinted (in the observations column of the conclusive technical table), but in open non-recorded talk when they delivered the report to the TGP. There seems to be too levels of communication here: the formal, where technical neutrality constructs the authority to judge; and the judgement which is technical and political at the same time. Therefore, the knowledge engineers construct is mediated. 
International networks in Transmilenio
When asked for the technical concepts that govern the operation of Transmilenio in Bogotá, Colombian engineers always come up with too names: Pedro Szasz and Garrone Reck. They are both transport engineers and they are both from Brazil. Out of their experience with different projects in Sao Paulo, Curitiba and other Brazilian cities and in Bogotá during the 1990s, they developed the mathematical model that supports the operation of Transmilenio. The model is based on the fact that up to three buses can stop at the same station simultaneously while other three buses are overtaking. The number of passengers carried by these six buses is the base to calculate the capacity of the system that organized in this way reaches loads that are comparable to high capacity heavy rail systems (before Transmilenio there were indications that bus systems could compete with rail systems in capacity, but the accepted knowledge was that there was a clear boundary at 16.000 passengers per hour per direction. Transmilenio and other bus systems have achieved more than 25.000 pphpd).
The Colombian engineers from the TGP conducted a process of validation of the projections of Szasz and Reck, with consulting companies like the British based Steer Davies and Gleeve or Connex from France. This is the type of reaction they encountered: 

French bus operators from Connex came to Bogotá at the end of 1999. They were invited by the local engineers working the transit details of Transmilenio at the headquarters of the project in the historical city centre of Bogotá. When the Frenchmen saw the figures of the amount of passengers to be transported, the layout of the city and the expected timing of the operation they were in disbelief. From the top of their arrogance they scorned the Colombian engineers’ mathematical models and forwarded a proposal: ‘to achieve that transportation capacity you need a metro system and we are the ones to design it for you’. With utmost patience the Colombian engineers took the French consultants to the busiest crossing in the city: Avenida Caracas with 76th street so they could ‘see’ that the calculations were not unreal. After this, the French acknowledged that bus systems ‘could achieve’ transportation performances similar to that of metro systems. 

With time, SDG became the main technical consulting partner for the technical details of Transmilenio (eventually hiring Engineer German Lleras from the TGP), while Connex supported symbolically one of the would-be concessionaries that won the bids to operate buses in the system. What is of interest in this story is how the knowledge that supports the functioning of Transmilenio is constructed through a long and painful process of experimentation, validation and confrontation among different international firms debating in Bogotá. How can this process be accounted for? Could it have been different? Does it reshape the differential authorities and prestige of professionals from different countries? 
Pavement failure

During 1999 and 2000 the Avenida Caracas in Bogotá, the back bone road of the city and of Transmilenio, was rebuilt entirely. An old pavement was replaced by a new concrete pavement to support the traffic of the new buses with un-precedent weights of up to 30 ton per bus when operated at full capacity. The new pavement was expected to have a useful life of 20 years. However, just two years after the corridor began operation, some slabs began to break. Soon, the damage exhibited by the road became a national scandal. The former Major of Bogotá was questioned at a congress hearing and he accepted political responsibility, but warned that he did not make the calculations and thus the civil and financial responsibility belonged to the engineers that designed and constructed the road. 
Since 2003, a legal process has been conducted to define the responsibilities in this case: a study conducted by experts from the Universidad Nacional ratified the conclusions of an expert from the American Concrete Association that there were design problems as no appropriate draining facilities were contemplated for the road. The design was a responsibility not only of the designing contractor, but also of the construction contractor as it had to “modify and complement the designs according to its judgement”. The provider of a material called “filling fluid” which was used extensively as the sub-base of the pavement was also held responsible as this material was not proven and did not work as expected. The provider of the material, the Mexican based giant Cemex, has been successful in avoiding legal responsibility while at the same time contributing funds for the replacement of damaged slabs since 2004. Andrés Camargo, the head of the Instituto de Desarrollo Urbano, the city institution in charge of the contracts has been in and out of jail since 2003 as he sometimes is able to prove that he was taking decisions within the normal threshold of uncertainty and sometimes not. He is literally caught up in the technical-legal contested reconstruction of the Avenida Caracas.
Hypotheses
The stories here all point to different aspects of the knowledge that makes Transmilenio possible: first, the political character of technical tests and how the written is only a partial result, which always comes with an oral advice; second, the knowledge is a distribution of contested pieces among companies, consulting firms and local designing teams and institutions across countries; and third, what is literally cast into the design and materials of the different parts of the system is the state of the discussion or of the contestation and if this contestation is weak it will not hold in time. 
