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Introduction:

This paper describes strategies for extracting value of investments in safety through appropriate project configurations. It is argued that success can be achieved through alignment of project planning and implementation with the structural and systemic strengths of different types of Railway Organizations. 

The best way perhaps to study this aspect is to look for emerging patterns of project configuration and organizational evolution. Indian Railways (IR) has under a single management, various types of organizations. The oldest organizations are the “line” organizations such as divisions and the zonal railways. The Production units are about 20 to 50 years old. The commercially oriented Public sector companies are at most 30 years old. These organizations of seventies have now matured and are setting up new ventures. 

Indian Railways (IR) is one of the largest rail networks under a single management having 8025 locomotives, 50000 coaches, 207,000 freight wagons, around 1.5 million employees and annual revenue of Rs 60000 crores. It is now divided into 16 operational zones.  About 15000 trains run on 64000 route kms taking rest at 7000 stations and carrying more than 1.25 Crores passengers and 1.5 million tonnes of freight daily.  Challenging works of dedicated freight corridors and Udhampur-Srinagar-Baramulla railway line are under progress. Indian Railways have continuously achieved a rising trend of performance and significant growth in the past few years.  

If we examine the long term developments in the Indian Railway sector under the emergent strategy paradigm, we see a clear pattern of growth through establishing new public sector units and associated offices. Instances of entrepreneurship range from establishing organizations in remote places such as setting up of Rail Coach Factory in Kapurthala and Wheel plant in Chhapra to the events of technological innovation such as design and development of air-conditioned three tier and Garib Rath coaches. 

1. Types of Organizations
Indian Railways has five different types of organizational entities. The oldest organizations are the “line” organizations such as divisions and the zonal railways. Let us call these as Type I organizations. Most of these are more than 100 years old. These organizations are structured as functional divisions and have working systems that are well suited to deliver large scale repetitive task of operating the railway system efficiently. 

The Type II organizations are the Production units which are generally 20 to 50 years old. These are structured as production facilities. The Type III organizations are the commercially oriented Public sector companies that are mostly 30 to 20 years old. This pattern of setting up the Public sector companies has recurred and we observe creation of new PSUs in last few years. These are the new PSUs termed as Type IV. The advent of type V organizations is a result of type III PSU diversification and growth.  The “new” organizations of seventies have matured and are setting up new units. We will now describe these in some detail.
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1.1. Types I & II

In the first half of post-independence period railway production units were established. Large units such as CLW (Chittaranjan locomotive works), DLW (Diesel locomotive works, Varanasi) and ICF (Integral coach factory, Perambur) were setup. The last of these plants was the Rail coach Factory, Kapurthala which was set up in 1988. It has state of art flexible design and manufacturing systems. A large number of innovative new designs such as 3Tier Air Conditioned coaches and Garib Rath have been manufactured in this plant.

Konkan Railway Corporation Limited (KRCL) was formed with participation of the four states viz. Maharashtra, Goa, Karnataka and Kerala, along with the Ministry of Railways with Rs. 800 crore as equity and Rs. 2,750 crore raised in bonds, funding the total cost of the project of Rs.3,550 crore. A New organizational form surfaced. The number of staff per km in KRCL is only 4.85. The gang man strength required per track-km on KR is 1.4 as compared to 4 on IR. This has been made possible by modernized track maintenance systems and multi-skilling. The work on construction of KRCL began in 1990. The 760 km long line was completed in 1998. The innovative Roll-On-Roll Off scheme has enabled carrying more than 50,000 trucks in five years. The Anti Collision Device has also been developed by KRCL.

1.2. Type III
Setting up of commercially oriented Public sector units was started in seventies. They were structured differently apparently to suit the requirements of the nature of job. RITES was the first fully owned public sector unit under the ministry of Railways. A number of such organizations, such as, IRCON, CONCOR, IRCTC, IRFC and RAILTEL etc have come up. In the paradigm of Mintzberg, “crafting strategy”, it is as if an invisible hand is shaping the formation of new organizational entities, periodically, during a period of significant environmental changes.

Rail India Technical and Economic Services (RITES) is a multidisciplinary internationally recognized consultancy organization in the field of transportation infrastructure and related technologies. It is a “Mini-Ratna” company and provides consultancy and engineering services in the fields of railways, urban transport, urban development and urban engineering, roads and highways, airports, ropeways, inland waterways, ports and harbour, information technology, and export packages of rolling stock and railway related equipment. RITES has project experience in over 62 countries.

Its diversified service packages include feasibility, design and detailed engineering, multi-modal transport studies, project management and construction supervision, quality assurance and management, materials management, workshop management, operation and maintenance, system engineering, economic and financial evaluation, financing plan and privatization, property development, railway electrification, signalling and telecommunication, environment impact assessment, training and human resource development etc.  

The MOU and agreement based arrangements provide a framework to exploit the strengths of Indian Railways and the advantages of the structure and system based flexibilities of RITES. It has a modular organizational structure which helps it to easily transfer resources from one strategic business unit to the other in times of need. The structure is backed by the flexible working systems. The marketing-design integration is seamless; the divisional boundaries are less rigid; personnel recruitment system is flexible and the business support functions such as legal, tax and finance are more externally oriented. 

RITES is able, not only to draw strength from the parent organization in the form of getting experts for shorter durations on deputation and secondment but is also able to contribute back in the form of a reverse flow of technological and knowledge based inputs. We find projects where knowledge about specific markets results in development of new designs of locomotives in collaboration with Indian Railway production units. We also find new patterns of “porous” organizational boundaries and innovative working arrangements such as development of new wagon designs and crashworthy coach end designs in which a large number of organizations (Indian Railway organizations, Indian private sector organizations, Expert organizations from other countries and academic institutions) have worked together.  

1.3. Type IV

The organizations described above were all set up around “eighties”. In the last few years this pattern has recurred. Organizations such as IRCTC, RAILTEL, PRCL and RVNL have come into existence. 

RailTel Corporation of India (RailTel) is a PSU under the administrative control of the Ministry of Railways. RailTel was incorporated in September, 2000 with an authorized capital of Rs. 1,000 crore. The main objects of the Company include building a nation wide telecom multimedia network for laying of Optical Fiber Cable (OFC) with a view to modernize Indian Railway’s communication systems for safe and efficient train operation and to generate revenue through commercial exploitation of the system. 

Rail Vikas Nigam Limited (RVNL) is a special purpose vehicle to execute two vital components of National Rail Vikas Yojna, launched by the Government of India. Its main objectives are to undertake project development, financial resource mobilization and execution of projects on a commercial format using largely non budgetary funds. The projects are expected to remove the capacity bottlenecks on the golden quadrilateral and its diagonals and to augment port connectivity. 

Pipavav Railway Corporation Limited (PRCL) is a joint venture company of Ministry of Railways and Gujarat Pipavav Port Limited (GPPL) with equal equity participation. It was formed to execute the Surendranagar-Rajula-Pipavav Port gauge conversion/new line project. This is the first railway infrastructure executed through private sector participation.  PRCL has concessionaire rights to construct, operate and maintain this project line for 33 years. PRCL is entitled to the rights, obligation and duties of a Railway Administration enumerated in the Railways Act, 1989. PRCL played a pioneering role in running India’s first double stack container train from Jaipur to Pipavav on 23rd March, 2006.
1.4. Type V 

The “new” organizations of “seventies” have matured and are diversifying and expanding.   The ventures of “seventies” are setting up offices in “difficult” areas in India and abroad. RITES was a part of a consortium which ran a rail concession in Columbia for years. The “new” ventures of the “seventies” are also working together collaboratively, in new areas and markets. The concession in Mozambique has been undertaken by RICON, a joint venture company formed by RITES and IRCON. We find evidence of a reverse flow of knowledge. Knowledge acquired during marketing of products is finding its way back to the parent organization. We find innovative win-win collaborative arrangements in development of engineering systems such as export of cape gauge railway rolling stock, crashworthy coach and frameless tank wagon. 

As described above, different types of organizations vary significantly on systemic and structural dimensions such as vertical integration, decentralization of authority, functional departmentalization, divisionalization, integrative controls and participative management as identified by Khandwalla (1973). 

Theories of organizational evolution and strategic adaptation stipulate that with the passage of time, organizations and their sub-units “travel” different paths along different dimensions. The various types of organizations thus are poised at different points of the organizational life cycle. The challenge therefore lies in evolving project configurations at the planning stage so that strengths of all the participating organizations are used in a synergistic manner. We now describe this with a recent case study. 

2. CASE - Development of Crashworthy Coach Designs for Indian Railways

 Ministry of Railways decided in 2003 to improve crash behavior of its passenger coaches.  The project was started in mid-2003 in an inter-organizational collaborative mode. 

RDSO has extensive knowledge about various types of coaches on IR. RCF had a complete electronic database of the CAD drawings. This database included the electronic versions of all components with manufacturing details. RITES had in house expertise for carrying out computer aided engineering work in the Rolling stock Design SBU. RITES further mobilized a core group of domain knowledge and technology experts for the project and tied up with Transportation Technology Center Inc., USA, a subsidiary of Association of American Railroads, USA as they had necessary expertise and experience in crash simulation and testing. 

RITES was responsible for the program management and engineering tasks in India. Twelve organizations were involved at different stages of the project including three expert organizations from USA and five Indian private sector organizations. State of art software and hardware was used to carry out crash simulations. 

The scope of the services included analysis of strength of general second class and second class brake luggage cum guard coach, carrying out crash simulations using a lumped mass model of two 24-coach trains, evolving modified end structure designs for crashworthiness, supply of designs and specification for all necessary equipment and instrumentation required to carry out full scale crash tests, develop crashworthy designs for new builds of existing GS & SLR coaches and training of personnel in theory & concepts of crashworthiness, modeling, simulation and analysis and crash test instrumentation, data acquisition analysis and interpretation. One crashworthy design center with hardware and software was also to be set up in RDSO. 

RDSO was responsible for providing engineering data needed to model suspension, draft gear, bogies, and other vehicle components, providing all the facilities including the test site for carrying out full scale crash tests in India. RDSO was also asked to provide the resources (including trained personnel) for setting up crash simulation facility. 

RITES was responsible for project management in India and other key project tasks such as development of sub-system and component designs, checking of finite element stress analysis models for accuracy and integrity, technical support during crash test, Supply of two high speed cameras, checking final designs and coordination for prototype coach manufacture, training in India in use of LS - Dyna explicit FEM solver software and Truegrid FEM pre-processing software and training on crash theories, concepts, standards and designs in India. 

RCF was responsible for providing geometric and material data of both vehicle designs electronic format, carrying out mutually determined modifications to vehicles and components, providing modified end structures and vehicles crash tests.

It is evident from the above that the project configuration was based on the strengths of different organizations. The task partitioning was such so as to facilitate the progress in the desired direction without interfering with the mainline activity of the organizations. 

The process of development of crashworthy coach designs was based on simulations using state of art methods and full scale crash testing. This was done for the first time in Indian Railways. All the coach designs being used in India were regulated as per the static load requirements only. This is therefore a significant technological Jump. The coach has been designed to absorb collision energy in a controlled manner. The modified coach design has a centre buffer coupler with a twin draft gear typical to many types of passenger coaches. The rear draft lug is designed to shear away from the draft sill in a collision to allow the coaches to come into contact with each other in a controlled manner. As the coaches collide, the rear draft lug acts as a piston to crush a primary energy absorber that is placed behind the draft lug to absorb impact energy.

[image: image2.png]RDSO RCF





An additional innovation is the secondary energy absorbing elements extending outward from the head stock at the locations where the side buffers were previously located. A tight lock coupler design provides the first level of protection against override for coupled coaches. Coach design was improved with a view to attain a controlled collapse mode and have sufficient clearances around the bogie and brake components. Detailed lumped mass (LM) model analysis was also carried out for obtaining overall crash energy management scenario in case of a Loco hauled 24 coach train colliding with another stationary 24 coach train. The LM model analysis further demonstrated that the modified design results in the desired behavior of distributing the collision energy along the length of the consist at each coupled car interface 

There are fundamental differences in the technical specifications and the operating conditions of different railway systems in the world.  The task of transfer of know-how from one part of the world to another is made even more complex by the fact that the institutional frameworks governing the R&D activities are also quite diverse.  In this particular case there was an added dimension of complexity of severe knowledge partitioning and fragmentation. The best possible combination of expertise was distributed not only among a few organizations in India but also a few others in the US.  In all 12 organizations including 3 from Indian Railways and 3 in the US were brought together to deliver solutions which not only fulfilled the originally envisaged technical requirements but also exceeded them on several key dimensions.  

Several challenges of system integration in relatively uncertain technical environment were taken up and the expectations exceeded causing the level of confidence at inter-organizational interfaces to steadily increase as the project progressed.  India Railway’s first ever full-scale rail vehicle crash test was conducted successfully on 29th March 2005. The redesigned prototype crashworthy GS coach collided with a 110 t platen wagon at a closing speed of 42 kmph.  

The design validation achieved in the first test resulted in enough confidence to proceed further on similar lines. Indian Railway Board ordered prototype rakes (29 coaches) for manufacture at Rail Coach Factory, Kapurthala. RITES also designed an alternative to the imported honeycomb energy absorber. This is a corten steel fabrication which can be manufactured using the facilities available in Indian Railway production units. In the first two train sets itself this new design has resulted in foreign exchange savings of more than Rs. one crore.   One commercial passenger train Jan Sewa Express was introduced by RITES in February 2006. 

Two more crash tests were carried out in February 2006. The GS design was further validated at a closing speed of 54 Kmph. Two coaches, one SLR and the other GS, were crashed with platen wagon at 66 kmph in the next test.  

Indian Railway Board has issued orders to major production units i.e. Integral Coach Factory, Chennai and Rail Coach Factory, Kapurthala to start manufacturing new coaches to these designs. All ICF design coaches manufactured by these production units using CBC designs will be made as per these designs.

During the progress of the project there were several instances where new innovative solutions had to be found.  In almost all of these cases, collaborative synergies contributed a lot. Some of these instances were, “designing a new platen wagon, Use of highly qualified engineers for conducting extended training programs in India, finding an appropriate site for carrying out crash tests outside RDSO premises and designing and developing a self-fabricated energy absorber which could be put in the prototype rake fast enough so as to not delay the field trials. Another critical success factor in this project was the ability of the project team to work together virtually using the information and communication technology tools. A large amount of collaborative design activity took place using internet and other related CAE software tools.

The strategies for technology intermediation were directed towards evolving new and improved organizational processes where structural and systemic gaps between key technology provider and the key technology receiver were filled up successfully. Indian railways have developed the capability to use high performance computing technology for designing the crashworthy coaches using RITES’ capability to efficiently setup inter-organizational project frameworks. 

3. Other Cases

The fire code for LHB coaches was developed as a part of the TOT contract and further work is being done by RCF and RDSO on it. The induction of crash buffers, as was recommended by RSRC, is being done using a proven design after crash tests and trials by RDSO. One of the most interesting cases is that of the competition held between the IR workshops and the production units for coming up with the injury-free interiors. The award winning designs of this competition are being implemented in a large number of coaches now. 

RDSO and RITES are now working in close coordination to come up with project proposals for more advanced work in the areas of Locomotive Crashworthiness and Occupant Protection using state of art simulation and testing capabilities. In the proposed phase-II project these principles have been applied. In fact it is evident that the network competence improves with the experience of handling major projects.  The schematic below shows presents a possible configuration of a complex technological project. 

4. Discussion

Rolling stock design and development process has to be fast and should give confidence before commencement of manufacture that it will result in a safe and reliable product. Pace of innovation needs to be stimulated through intensive use of modern CAE technologies. Inputs from several specialist organizations have to be taken and integrated into the process. The most important factor in developing indigenous technological capacity is that of “learning by doing-together”.  

Different types of project configurations have differing merits and demerits. Sometimes it is prudent to adopt a useful innovation directly whereas in other cases it is important to incorporate capacity building as a part of the project configuration. In all the cases however it is important to exploit the strengths of various types of organizations. 
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There are three major dimensions pertaining to developmental projects in rolling stock safety domain-uncertainty, low resource munificence and complexity.

Uncertainty can be taken care of by incorporating flexibility while structuring projects.  For example, projects may not to be completely rigid in terms of task partitioning.    It is obvious that tasks have to be distributed as per competences of different organizations.  What is not obvious is that while distributing tasks it has to be kept in mind as to how the emergent issues will be dealt with?  The project structure therefore needs to be kept flexible enough so that organizations can take care of the emergent issues by using their strengths and creating win-win situation.

The resource constraints arising out of low munificence can be taken care of by flexibility in systems such as systems for recruitment, deputation, promotion and reward etc.  Here also appropriate provisions in the project definition can lead to efficient solutions as the project progresses.

The complexity can be taken care of by building up suitable resource partitioning patterns.  This is where the history matters. The strengths arising out of paths pursued by various organizations has to be kept in mind while distributing tasks. This is important because along with task partitioning, the knowledge partitioning patterns and overlaps also play a very critical role.  The knowledge about field trials and accidents which are available in open lines is normally transferred to RDSO. During the crashworthy project this knowledge had to be suitably transferred to RITES and the consultants abroad and the understanding of the external consultant had to be verified in terms of correctness of a highly complex FEM model.

This is where the network competences of individuals and organizational units come into play. Network Competence is defined as an organization specific ability to handle, use and exploit inter-organizational relationships.  An organization’s degree of network competence and technological interweavement has a positive impact on its product and process innovation success (Thomas Ritter and Hans Georg Gemunden, 2003).   

The dynamic capabilities approach (Teece, Pisano and Shuen, 1997) views competitive advantage stemming from high-performance routines operating ‘inside the organization’, shaped by processes and positions.  Where an organization can go is a function of its current position and the paths ahead.  The notion of path dependencies recognizes that history matters. In addition, an organization’s past experience conditions the alternatives management is able to perceive. 

In our context, it is all the more important to understand the limitations that the overall institutional context places on and the opportunities it presents in the form of strategic choices. Formulation of projects is not a passive act of letting the possibilities emerge but to understand the emergent patterns and make the appropriate strategic choices to extend these patterns as per the strategic objectives. 

Based on the case described above where several IR organizations worked collaboratively and other such evidences of complex flow of information and knowledge flow across organizational boundaries, exploiting different structures, systems and processes, we inductively conclude that institutionalizing inter-organizational arrangements among different types of organizations may be an appropriate policy prescription in the context of new product development with a view to enhance safety. 
5. Conclusions: Theoretical Basis and Future Directions 

Organizational entities that are complicated or hybrid modes, such as multi-level organizations, alliances, joint ventures agreements based on MOUs, and legal partnerships can be explained on the basis of the knowledge based view. Opportunism independent, knowledge-based limitations to the size and scope of an existing organizational entity may also result in decisions to outsource knowledge based activities. 

The resource based view has also “reached” the strategic adaptation concept. Organizations have to learn to live at the “edge of chaos” i.e. the grey area between order and disorder. Brown and Eisenhardt (1998) found that two important characteristics in this respect are: Modularity of resources and use of semi-structures. Modular resources such as well partitioned knowledge greatly promote flexibility. Semi-structured organizations can be defined as those which possess a core structure that is rigid and a periphery which is flexible and therefore more adaptable in a turbulent environment. In this context we can view IR as having a core of Type I and Type II organizations and flexible periphery of Type III, IV and V.
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Luke and Verreynne (2006) have concluded that the concept of strategic entrepreneurship is not limited to private sector organizations, as incidences clearly exist within a public sector context. They have identified six elements namely opportunity identification, innovation, acceptance of risk, flexibility, vision, and growth based on three public sector case studies. The need is to study as to how the processes of entrepreneurship differ among different type of organizations. For example, of interest are the inter-organizational projects involving more than one type (I, II, III and IV) of organizations.   

This kind of conceptualization can help us in understanding the interactions between different structures and systems. When studied in greater depth, it should be possible to explain the strategic behavior of our organizations in terms of dynamically changing patterns of task and resource (knowledge) partitioning. The development projects pertaining to rolling stock safety can then be configured in the form of innovative arrangements involving different organizations. 

Depending on the basic nature of the domain, at a particular level of hierarchy, there are natural limits on choices that can be made by managers in the organizations. From an organizational entrepreneurship point of view, it is important to know and to fine tune the controllable parameters with a view to achieve the strategic objectives. We therefore need a comprehensive understanding that helps us in identifying project configuration possibilities in a given context. Once this is done, then the safety related projects will be that much easier to configure, formulate, justify and execute at various levels of hierarchy.      
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