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UNIT – 4 CIVIL ENGINEERING PROCESS
Feasibility studies, preliminary investigations, client requirements; develop concept, planning, design, preparation of drawings, approval from statutory authorities, construction, operation, monitoring, maintenance, repair and rehabilitation.
Introduction to Civil Engineering Process
From the last unit, it is understood that any infrastructure or building needs to be built to meet different types of requirements such as 
•	Functional/Aesthetic Requirements
•	Safety/strength/stability Requirements
•	Durability Requirements
•	Maintenance/operational requirements
•	Economic Sustainability requirements
•	Environmental/Social requirements, 
After understanding the requirements, construction activities to be begin to successfully construct infrastructure. 
However, there are following challenges in the construction industry:
· fragmental industry,
· Irregular employment,
· Reliance on casual labor
· Lack of investment
· Unpredictable workload
· Complex structure
· Lack of unity of approach
· Dependency on several industries
· Long production cycle
· Transient organization
· Operations in an ever-changing environment
· Multi-party industry

Hence, if project is started without proper planning and managing, project will have to face lot of issues like time and cost overrun, improper construction. 
Hence, entire activities in the project are grouped together in the name of “Project Phases” or “Project stages”. Each and every phase (or stage), approval/signoff will be obtained from the respective authorities/owners/architect/designers who are involved in the project. All the stages or phases collectively called “Construction Project Life Cycle”.
Construction Project Life Cycle
The construction project life cycle involves several phases as mentioned earlier. Number of phases in the project life cycle will differ from project to project and company to company will little necessary modifications.
A typical project life cycle phases are given in figure below:

 (
Construction Project Life Cycle
Market Demands 
or 
Perceived Needs
Conceptual Planning 
 and
Feasibility Study
Design and Engineering
Procurement and
 
Construction
Startup for Occupancy
Operation 
and
Maintenance
Disposal of Facility
Definition of Project
,
Objectives and Scope
Conceptual Plan,
Preliminary Design
Construction Plans and
Specifications
Completion of
 
Construction
 in all respect
Acceptance of Facility
Fulfillment of Useful Life
PHASE
OUTCOME AT THE END OF THE PHASE
)
























Phase-1: Market Demands or Perceived Needs
(Outcome of this phase: Definition of Project, Objectives and Scope)
Prior to implementation of any planning in the construction management process, there has to be an establishment or identification of a “need”. The basic process of decision starts with the recognition that there is a need for a capital improvement or for a new development. Once the owner (Owner may be defined as contractor’s customer or client who can be private company, public company, government, corporation, a family or an individual) has identified a need for the new facility, the requirements are defined and a potential solution is developed. The budgetary constraints are also delineated and the project is conceived and defined during this period. 
Project definition involves establishing broad project characteristics such as location, performance criteria, size, configuration, layout, equipment, services, and other requirements put forth by the owner, which are needed to establish the general aspects of the project. 
During this stage the owner hires key consultants including the designer and construction manager. The definition of the work is basically the responsibility of the owner, although a design professional may be called in to provide technical assistance and advice. The most critical decision that is made during this project phase is whether to proceed with the project or not.
Project scope is the way in which one describes the boundaries of the project. It defines what a project will deliver and what it will not deliver. For larger projects, it can include the organizations affected, the transactions affected, the data types included etc.
The scope of the project must be kept current and good communication maintained with all of the team who may be involved in the various studies and financial analyses. If you look at the reasons that projects fail, it is usually the result of two problems. Either the team did not spend enough time defining the project and/or there was a lack of scope management.
Phase-2: Conceptual Planning  and Feasibility Study
(Outcome of this phase: Conceptual Plan, Preliminary Design)
After initial definition, a preliminary feasibility study will be made to determine whether the concept is technically possible. Examination of rough economic data is done to justify pursuing the project. Assuming that the project is feasible, a preliminary definition is made and very preliminary planning is done. A closer look is taken at costs and a viability study is prepared. The viability study determines the commercial feasibility of the project. Viability means that the project can be profitable or necessary to the company’s operations and available at a reasonable cost. Profitability and payout for the project are calculated. The financing source for the project is established as the capital may come from the owner, from outside financing, from the sale of bonds or elsewhere. Once the source of money has been resolved, formal submission of the proposal or request for funding is made and approval is given if the project is to proceed.
What is the need for feasibility study?
Before the conceptual planning stage of a project the owner needs to gather as much reliable information as possible about a project. This process will require hiring quite a number of design and technical consultants to help if those resources are not available within the company. Once the information is formulated the owner needs to make a decision as to whether or not to proceed with the project. This is called the go/no go decision. Hence, feasibility study is needed to take decision to GO or NO GO. 

Conceptual planning
Conceptual planning stage of a project will initiated once owner takes a decision to further to construct a facility. If the decision is go, the owner needs to select a site, establish program, a conceptual estimate, and a master schedule. The designer and construction manager should also be hired at this stage.
Most likely, the owner will have some idea about the type of structure needed in terms of function and form to satisfy certain constraints. Based on the owner’s level of experience with previous structures and designers (architects and engineers) and construction contractors, he is reasonably sure about the use and appearance of the facility.
Owner, at this point, has a general idea about the site or location for the facility. The location directly affects the cost of the facility, the construction methods used to erect the facility and the amount of site preparation needed to begin the construction of facility. The cost of the site depends on the land use and adjacent property values. The construction methods and necessary site preparation depend on environmental conditions at the site.
The location of site must meet certain basic requirements. The site must be located such that equipment and materials can be brought to the site without too much difficulty and the workers and subcontractors can access the site also without significant difficulty. In addition, skilled workers and subcontractors must be available in the region or otherwise must be moved in at an increased cost. Utilities, including water for drinking, electricity, and heating/cooling, where applicable, must be available. Environmental and physical conditions at the site, including normal weather patterns, the chance of severe weather, topography, and soil types, must be considered. In certain locations, particularly near heavily populated areas, zoning and building codes at the municipal, state, and federal level may affect the construction process.
The conceptual plan is an overall master plan of the project developed primarily by the application of professional planning supported by engineers and architects. The plan would include an assessment of needs, maximization of favourable social, economic, environmental, and aesthetic impacts. minimization of unfavourable consequences, and both initial and continuing costs. Important factors that need to be considered in the plan are public and political support, approximate costs, economic feasibility, financing alternatives and other factors of general or local significance. The conceptual plan provides a general description of facilities and systems that are planned to best meet the needs client’s functional requirements. The quality of the conceptual plan will have critical bearing on the project in all subsequent phases.
Preliminary Design
The purpose of this phase is to establish detailed criteria for use in the final design and to conduct other activities that facilitate the smooth, uninterrupted transition to final detailed design. Major activities in this phase include development and activation of management and administrative systems, completion or updating of agreements with involved agencies, initiation of real estate acquisition, topographic surveys, and geological and geotechnical investigations, the environmental impact statement, operating criteria, and project cost estimates, schedules, and budget estimates for each of the construction packages. The preliminary design phase is generally considered to be 30 percent to 40 percent of the total design effort. This phase leads directly into the final design phase.
To avoid the delays and substantial added costs that accompany changes in the detailed final design, the preliminary design should be frozen at the inception of final design. Changes should be permitted only for compelling reasons, such as new or different political and public attitudes.
Phase-3: Design and Engineering
(Outcome of this phase:Construction Plans and Specifications)
Final Design
The purpose of the final design phase is to prepare final drawings, technical specifications, and contract documents. The quality of these drawings, specifications, and contract terms has a pervasive influence on the contract bids. Structural engineers and geotechnical consultants may engaged to design the facility to meet 
•	Safety/strength/stability Requirements
•	Durability Requirements
•	Maintenance/operational requirements.
By providing clear and specific assignment of risks, disclosing all engineering and geotechnical information gathered, the owner will invite contractors to submit realistic bids. Normally, the design phase includes the preparation of the engineer’s estimate and schedule, analysis of construction bids, and recommendation for awarding contract.
During the construction phase (Next to design phase), revisions of the design or even redesign may be necessary to accommodate unanticipated site conditions that are encountered. In instances when design changes may affect structural integrity, it is best to call upon the original designer to make the alterations. The original designer is more likely to redesign to the same standards and criteria as for the original design and should be able to do the work more efficiently than anyone else. Further, no dilution of professional responsibility results from the redesign. It is therefore desirable that the original design contract provide for design support during construction.
The design phase of a project is completed once the final plans and specifications of the project are presented to the owner and the required regulatory agencies. As part of the design phase, the design engineer should compile a complete set of project files, including all design calculations and correspondence. Since these documents may prove to be essential for the project in the later stages and particularly in the case of future lawsuits.
Phase-4: Procurement and Construction
Procurement [ Bid Phase]
Upon completing the design phase, the engineer must begin managing the procurement and construction phases. The sequence of events is (1) Bid advertising, (2) Bid opening. (3) Bid evaluation and award of contract.
Construction phase 
Once, the contract is awarded, contractor has to start construction according the technical design and drawings along with specifications provided by design engineers. There are generally three principal parties involved in the construction phase: the owner, the designer and the bidder.
Construction involves the combined skills of engineering, science, and organization, in addition to the use of educated guesses and calculated risks. Numerous complex details must be carefully coordinated among various parties: the owner, engineers, architects, general and specialty contractors, manufacturers, material suppliers, equipment distributors, governmental agencies and so on. Construction contractors are private enterprises that engage in various types of construction projects including water supply. The prime objectives of the contractor are (1) to complete the construction project to the satisfaction of the owner, within the set budget and on schedule, and (2) to make a profit. Since a contractor’s goal is to complete the project as quickly and as economically as possible, there is always the possibility of poor-quality work on the project.
Engineers, on the other hand, tend to believe that if their design is correct and the plans and specifications are prepared carefully, field construction will proceed without problems.
Phase-5: Procurement and Construction
Upon physical completion of the facility the owner or the owner’s representative (I.e., the architect/engineer or construction manager) inspects the facility for completion according to contract documents. In fact, inspections occur frequently during the construction to make sure that work conforms to the project plans and specifications. During the final inspection, the owner and/or his or her representative will prepare a check list or list of Items of work requiring immediate corrective or completion action by the contractor. Once this work is completed, a final Inspection Is conducted. When the facility has been accepted, the owner can occupy the facility for its intended purpose. In some instances where the need is urgent, the building/project may be occupied with “substantial completion” before final acceptance.
Phase-6: Operation and Maintenance
Proper operation and maintenance of a construction project increases the total life span. 
The owner may employ the same contractor(s) who built the facility or engage another specialist operation and maintenance organization to manage the operation and maintenance. The following documents are required to operate and maintain the completed facility. These documents are normally submitted by the contractor during the testing, commissioning, and handover phase of the construction project.
1. Building drawings
2. Operation and maintenance manuals
3. Operating procedures
4. Source information for availability of spare parts of the installed works.

The cost of operation and maintenance should be considered in the feasibility studies of the project. Post construction costs have a great impact on the overall life cycle cost of the project.
For an effective Operation and maintenance program, the following specific items should be considered:
1. HVAC (Heating, Ventilation, Air-Conditioning) system and equipment
2. Indoor air quality system and equipment
3. Electrical systems and equipment
4. Water fixtures and system
5. Life safety (fire suppression systems)
6. Cleaning equipment and products
7. Landscape maintenance
Phase-7: Disposal of Facility
When the facility lives out its useful life, it is designated for demolition or conversion. This stage refers to the demolition and possible recycling of the facilities and parts of the building.

In some of the companies, only the following phases are considered in construction project life cycle.
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Project life cycle  followed by small companies.







Factors that impact a project's design
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The Roles And Responsibilities Of Professionals In Building Construction
The building construction industry is a wide industry that encompasses many professionals. Most of the building defects like cracks on walls, inadequate and non-functional facilities, flooding and dampness, poor drainage, poor safety design, poor staircases and even collapse to mention a few could be avoided. Hence, Roles and responsibilities are given so that respective professional will take necessary steps in avoiding defects and more in building construction.
Geotechnical Engineer
Geotechnical engineering is a discipline within civil engineering related to the performance of soil and rock mechanics, including their subsurface conditions, determination of the physical, mechanical, and chemical properties that will influence the project under consideration, Site investigations are needed to gain an understanding of the area in or on which the engineering will take place. Investigations can include the assessment of the risk to humans, property and the environment from natural hazards such as earthquake, landslide and sinkhole. After necessary evaluation, design of the earthworks is carried out, and subsequently supervision of the site, foundation, and construction is carried out.
Based on findings, the Geotechnical Engineer might recommend Ground Improvement which is a technique that improves the engineering properties of the soil mass such as the bearing capacity of the soil and capability of the soil in bearing more loads. Usually, the properties that are modified are shear strength, stiffness and permeability. Ground improvement has developed into a sophisticated tool to support foundations for a wide variety of structures.
A geotechnical engineer then determines and designs the type of foundations, earthworks, and/or pavement subgrades required for the intended man-made structures to be built. Foundations are designed and constructed for structures of various sizes for the proposed structure.
Land Surveyor
Building construction is one of the fields of surveying, the preconstruction responsibilities involves determines the location (latitude and longitude), property boundary (shape), the area of the landed property (size), they establish the beacon on site to define boundaries. In the construction phase, surveying commences with correct placement of footings, foundations, piers and other items of building construction are essential for a sound structure. The second essential role is establishing a level for the proposed construction and establishing a benchmark that would be used as reference point throughout the construction phase. 
Architect
Architects are licensed professionals trained in the art and science of building design, develop the concepts for structures and turn those concepts into images and plans. Before constructing a building, an architect needs to draw a plan of the building. It is very wrong to commence construction without a standard building plan, as the project would lack of focus and direction.
Architects create the overall aesthetic and look of buildings and other structures, but the design of a building involves far more than its appearance. Buildings also must be functional, safe, and economical and must suit the needs of the people who use them. How many people are going to use the building at the same time? What types of activities will these people do in the building? Architects have to design building so that people can escape from the building in an emergency. The plans also specify the building materials and the interior furnishings. Architects consider all these factors when they design buildings and other structures.
The architects provide various designs, then prepares drawings and a report presenting ideas to the client based on his needs. Computer-aided design and drafting (CADD) and Building Information Modeling (BIM) technology has replaced traditional paper and pencil as the most common method for creating design and construction drawings.
After discussing and agreeing on the initial proposal, architects develop final construction plans that show the building's appearance and details for its construction. The plan is then passed to the Structural Engineer for his own design.
The role of an architect does not end in the design stage during construction (it’s not the responsibility of an architect to undertake the actual construction activities) continual revision of plans on the basis of client needs, budget and other constraints not envisaged during design stage is often necessary. As construction proceeds, he visit building sites to make sure that contractors follow the design, adhere to the schedule, use the specified materials, and meet work quality standards. The job is not complete until all construction is finished.
Structural Engineer
Structural engineering is a branch of Civil engineering which carries out strength calculations, loads, forces and their interactions and effects on proposed construction and prepares drawings of structures to ensure they are strong enough to avoid collapse when loaded. Structures can include buildings, bridges, retaining walls, footings, frameworks and space frames.
Structural Engineering is concerned with the research, planning, design, construction, inspection, monitoring, maintenance, rehabilitation and demolition of permanent and temporary structures, as well as structural systems and their components. It also considers the technical, economic, environmental, aesthetic and social aspects of structures
After the architectural design is completed, Structral Engineers are the next professionals to work on the design. He designs the structural members (slabs, beams, columns and foundations), he designs foundations working with the Geotechnical Engineer. He determines the sizes (thickness, span and depth) of structural members and the quality, size, type and quantity of reinforcements. Structural Engineer decides on the quality and type of materials used for structural members and the required concrete strength. He also designs the roof trusses to sustain all expected loads and forces. He produces the structural drawings which is required for building construction approval.
During construction he inspects materials and supervise the construction of structural members, he gives approvals, conduct test on materials and structural integrity test on the structure as a whole and declares the structure safe or not. During building collapse Structural Engineers are called in to carry out research and determine the causes, effect and solution against reoccurrence.
Quantity Surveyor
A Quantity Surveyor is a construction industry professional who specialises in estimating the value of construction works. . This may include new buildings, renovations or maintenance work, from early design costs to final figures. Quantity Surveyor works on a wide variety of projects covering all aspects of construction such as civil, mining and infrastructure projects to determine the cost of such facilities.
The term quantity surveyor is derived from the role taken in quantifying the various resources that it takes to construct a given project, such as labour, supervision, plant and materials. He estimates the project budget, analysis the effect of design changes on the budget and the most noticeable role preparation of Bill of Quantities that assist in the tender process, produce tender document and manage the tender process, clarify and evaluate tenders, variations control, contract administration and assessment of claims, negotiate and settlement of accounts, Valuing completed work and arranging for payments, expert witness report in case of dispute.
The Building Contractor
A building contractor is an organisation that engages in the Planning, Developing and Coordinating activities in the building of structures.
The building contractor draws up a plan to carry out the construction project. This extends anywhere from hiring workers to developing a step-by-step timeline that the project will follow from start to finish. The Building Contractor is responsible for hiring, supervising and payment of workers alongside obtaining materials for the project to precise specifications, mostly using the services of suppliers.
He/she works based on agreed contract sum with building owners so, he controls Budget issues, follow that budget as closely as possible though there might be slight variation at the end of the project. He/she ensures that the project is completed within the specified time frame as well as reviewing the progress and implementing any changes along the course of completion.
Consultants
The building consultancy teams bring together project managers, building surveyors, quantity surveyors, architects, engineers, interior designers and other construction professionals, but his loyalties is with the building owner. To bridge the knowledge gap, the owner should hire a construction consultant. The consultant should be engaged early in the project, so the owner can utilize the consultant's services in selecting construction professionals and contractors and in reviewing plans and budgets.
The construction consultant's role is to represent the owner and to lend practical expertise to the job. Working on behalf of the owner, the consultant can identify and address potential construction problems in the design stages and, as an independent party, may be in the best position to suggest cost saving or time saving alternatives and to evaluate suggestions made by the other parties.
Mostly owners are non-construction professionals, thereby find it difficult to handle problems in design, construction method, cost of change orders or scheduling. Instead, the construction consultant can deal with the contractors and professionals on the owner's behalf.
Building Service Engineers
Imagine living in a building without electricity, no functional toilet or bath, no heating or cooling system or a sky scrapper without lift definitely such is not habitable. Building services engineers provide all these, bring buildings to life by designing the mechanical and electrical systems that allow people to function within an enclosed structure.
Building services engineering is an aspect handled by Mechanical and Electrical Engineers and they are called including plumbing as MEP (Mechanical, Electrical and Plumbing). This involves the production and maintenance of a stable internal environment that has the correct temperature, air quality and lighting levels. It requires the provision of all the necessary backup support systems such as power, hot and cold water and lifts. The installation of life protection systems such as fire alarms, and sprinkler systems is an important responsibility as well. These functions must be linked to sophisticated building management systems to ensure effective control and to minimise energy consumption.
Building services engineers work closely with other construction professionals such as architects, structural engineers and quantity surveyors. They influence the architecture of a building and play a significant role on the sustainability and energy demand of your building. They design layouts and requirements for building services for residential or commercial developments which is one of the requirements for building approval. Design and development of electrical systems required based on envisaged power consumption for safety and energy sustaining operation of buildings, construction and operation of Heating, ventilation and air conditioning (HVAC) systems
Artisans
These are the real workmen on site. They are mostly technicians that have acquired various skills either on the job or in various skill acquisition institutes. They have improved skill on-the-job. They work with the various professionals carrying out their duties based on instructions though imputing their skills.
There are various artisans in the building construction industry for example masons, carpenters, electricians, bar benders, and plumbers to mention a few.
There are other workers that are non-artisans. They are referred to as unskilled labours but they are actually skilled. The nature of their job requires little skill and they are usually non-persistence on the job. Their range of jobs include site clearance, minor excavation and other petty site jobs.
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