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1.0 Introduction  

Successful project management requires team leadership and coordination, 

diligent project planning, and effective oversight of the delivery process. The 

Project Management section offers guidance for the entire team to successfully 

and effectively carry out a high performance building project.  

It is critical to establish the qualities of the project that are necessary to satisfy 

client and end user needs and expectations for the finished project, once it is 

delivered and in use. Value for the money in construction involves completing a 

project on time, on budget and to a level of quality that meets those determined 

needs. A well-programmed project will continue to provide value and meet user 

needs throughout its lifetime and will contribute positively to the environment in 

which it is located with a wide range of social and economic benefits. Early 

investment in planning, programming and design can help deliver these benefits 

and avoid unnecessary costs and delays.  

 

Effective project management includes strategies, tactics, and tools for 

managing the design and construction delivery processes and for controlling key 

factors to ensure the client receives a facility that matches their expectations 

and functions as it is intended to function. Improvements in building quality 

directly contribute to reduced operational costs and increased satisfaction for all 

of the stakeholders. Successful project delivery requires the implementation of 

management systems that will control changes in the key factors of scope, costs, 

schedule and quality to maximize the investment. 

 

2.0 Scope Management  

Project scope is the work that must be performed to meet a client's program 

goals for space, function, features, impact and level of quality. Scope 

management sets the boundaries for the project and is the foundation on which 

the other project elements are built. From the beginning it helps identify the work 
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tasks and their requirements for completion. Effective scope management 

requires accurate definition of a client's requirements in the Planning and 

Development stage and a systematic process for monitoring and managing all 

the factors that may impact or change the program requirements throughout 

the project design and construction phases through delivery of the finished 

project.  

 

3.0 Cost Management  

Project costs are measured and analyzed in many ways throughout a project, 

from planning, programming and design to bidding, construction, turnover, and 

post occupancy. First costs, cost-benefit ratios, and life-cycle costing are a few 

examples of how a project's cost-effectiveness can be evaluated. The control of 

costs requires continual and systematic cost management and monitoring to 

compare actual costs incurred against targeted budget numbers. These cost 

management processes start with the establishment of budgets based on actual 

estimates for related work. They need to align with scope and quality 

requirements and be based on realistic, current market conditions. Comparing 

budgets to actual costs throughout the building process is critical. The process 

continues with milestone estimates, value engineering, procurement strategies, 

and change order management to ensure the project is timely and cost 

effective.  

 

4.0 Schedule Management  

A project schedule defines the processes and establishes a timeline for delivering 

the project. Avoiding missing deadlines for delivery of key project components is 

a key objective of schedule management. Comprehensive project schedules will 

identify all of the project's stages, phases, and activities assigned to each team 

member mapping them to a timeline that measures key dates that are used to 

keep track of work progress. Schedule management interfaces directly with 

scope, cost, and quality management and team member roles and activities 
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must be defined, coordinated, and continually monitored. It is the goal of every 

project manager to look for efficiencies in all of these areas as a project 

progresses.  

 

5.0 Quality Control  

Quality control starts with matching expectations about quality levels with 

budget and scope during planning and design reviews and continues through 

construction delivery with a program of inspections, tests, and certifications. It 

requires a coordinated performance among the entire project team in order for 

a completed building program to fully satisfy a client's and the building users' 

expectations. Having a process implemented at the beginning of the project will 

help define the goals as well as provide a continuous measurement system over 

time to make sure the objectives are being met. From visioning to post 

occupancy, a good quality control system like the Design Quality Indicator (DQI) 

helps eliminate errors, reduces cost and improves overall building quality.  

 

6.0 Successful Team & People Management 

Successful teams are generally led by bright, dynamic and mature leaders.  

People management is a vital feature to achieve sure success in project 

management. People working on projects are not routine workers. They have 

special skill sets. They should be handled with an improved understanding of the 

situation. Avoiding conflicts in advance 

The project manager typically addresses the conflicts, as and when they appear. 

A good PM always smells conflicts in advance and does not allow them to grow 

although no one can get complete rid of the conflicts. There are also positive 

conflicts that can bring greater efficiency in the way of working. The key to 

manage conflicts is to support the right attitudes with a good amount of 

competency. 
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Tracking People’s satisfaction 

The project manager cannot wait for the team member to come to him and 

pronounce that, he or she is not satisfied. A good team member is an asset to the 

project and thereby the organization. The PM should keep his or her eyes and 

ears open to track the satisfaction of team members otherwise, it builds negative 

thoughts in the mind of even a right member. The Project Manager is then no 

longer, a respected guy. People start working out of compulsion, and loose 

enthusiasm thereby, loosing the quality and output, which can end with the 

member leaving the organization. 

 

Accessing People’s Delivery in Terms of Benefits brought to the Project 

The ideal project manager will value the contribution of employees in many 

dimensions e.g. a candidate providing training to other team members, 

establishing superb relations with client, motivating others, taking the lead and 

bringing results, introducing and practicing the right procedures and ways of 

working, showing the way to others. If the PM overlooks these abilities and only 

concentrates on technical abilities of team members, he will be discouraging 

effective team members to benefit the project and thereby the PM. 

 

7.0 Process & Methodologies 

There are advantages in having processes present to guide the development 

and execution activities in a structured manner. Many a time it is obvious that the 

person following the process does not know why he or she is following the 

particular process; they just do it so because his or her boss has told them to do it 

that way. At times, there are a bunch of processes that may not suit the needs 

but are there because someone wants to show that, they are following all the 

processes in the book. This is not the right approach. Employees are forced to 

follow processes whether applicable or not! What is required is that, process 

should help to save time and improve the quality but eventually, the reverse 

happens. 
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8.0 Knowledge Management 

Everyone knows that, “Knowledge is spread by giving” but we are not inclined to 

pursue the same. We believe something else and do something else. A good PM 

ensures proper flow of knowledge and also encourages employee trainings to 

carry out the required job. Training should always be available for the latest 

technologies. This gives the company an upper hand from the perspective of the 

clients. 

 

9.0 Value Engineering & Risk Management 

Value engineering may be broadly defined as an organized approach in 

identifying unnecessary costs in design and construction and in soliciting or 

proposing alternative design or construction technology to reduce costs without 

sacrificing quality or performance requirements. It usually involves the steps of 

gathering pertinent information, searching for creative ideas, evaluating the 

promising alternatives, and proposing a more cost effective alternative. This 

approach is usually applied at the beginning of the construction phase of the 

project life cycle.  

The use of value engineering in the public sector of construction has been 

fostered by legislation and government regulation, but the approach has not 

been widely adopted in the private sector of construction. One explanation may 

lie in the difference in practice of engineering design services in the public and 

private sectors. In the public sector, the fee for design services is tightly monitored 

against the "market price," or may even be based on the lowest bid for service. 

Such a practice in setting professional fees encourages the design professionals 

to adopt known and tried designs and construction technologies without giving 

much thought to alternatives that are innovative but risky. Contractors are willing 

to examine such alternatives when offered incentives for sharing the savings by 
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owners. In the private sector, the owner has the freedom to offer such incentives 

to design professionals as well as the contractors without being concerned about 

the appearance of favoritism in engaging professional services.  

Another source of cost savings from value engineering is the ability of contractors 

to take advantage of proprietary or unusual techniques and knowledge specific 

to the contractor's firm. For example, a contractor may have much more 

experience with a particular method of tunneling that is not specified in the 

original design and, because of this experience, the alternative method may be 

less expensive. In advance of a bidding competition, a design professional does 

not know which contractor will undertake the construction of a facility. Once a 

particular contractor is chosen, then modifications to the construction 

technology or design may take advantage of peculiar advantages of the 

contractor's organization.  

As a final source of savings in value engineering, the contractor may offer 

genuine new design or construction insights which have escaped the attention 

of the design professional even if the latter is not restrained by the fee structure to 

explore more alternatives. If the expertise of the contractor can be utilized, of 

course, the best time to employ it is during the planning and design phase of the 

project life cycle. That is why professional construction management or 

integrated design/construction are often preferred by private owners.  

Risk management is a balancing act. It involves the cost calculation for various 

risks, prioritization of risks, taking appropriate steps and efforts to minimize the risks. 

If you do not handle them now, then you have to deal with them later, in a much 

bigger degree and spending more energy. A smart PM is one who decides to 

choose the first solution. 

In the current economic landscape, project owners are scaling down or 

eliminating capital construction projects due to lack of financing, uncertainty 
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over costs, and concerns about potential delays that could impact the feasibility 

basis of projects. Owners sometimes take these actions without considering the 

wide range of project delivery methods that can successfully mitigate cost, 

scope, and schedule risks. This conference should discuss the project delivery 

options available to owners and describe the factors that influence an owner’s 

selection of one method over another. Armed with this knowledge, project 

owners can learn how the selection of appropriate project delivery methods can 

support their decisions to proceed with high-priority projects and programs.  

Developing a robust project delivery strategy can significantly affect the success 

of a large construction or infrastructure projects. The appropriate delivery 

strategy typically drives project cost, quality of design, construction, long-term 

maintenance, and project completion date. Project owners planning large 

projects can improve their chances of success by performing a thorough 

assessment of the key objectives for the project and the delivery strategies 

available to execute it.  

Risk analysis has become a common element of preparation and 

implementation processes, particularly in infrastructure projects. Despite this 

development, project managers still face certain grades of unmanageability. 

Project management trade-offs are in fact events in which the managers 

analyse and assess risks. If a trade-off does not include a certain level of risk, it is 

not likely to be strongly related to the manageability of the project. Hence a 

focus on risk.  
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Practical solutions in integrated assessments and project management methods 

effective in risk mitigation and handling of infrastructure and construction 

projects to optimise effective project delivery includes:  

• Focusing on risk assessment and allocation techniques that will lead to 

alignment of the entire project team with customer-oriented performance 

goals  

• Avoiding risk negligence at planning stage by adopting a comprehensive 

risk management and mitigation plan  

• Determining methods in managing risk during pre construction stages 

which includes risk management during land acquisition, design 

development and planning stages  

• Assessing the current global economic and financial risk affecting projects 

internationally  

• Evaluating a mitigation project using a cost-benefit analysis to determine 

cost effectiveness  

• Implementing (Earned Value Management) EVM as a risk evaluation tool 

in developing appropriate course of action  

• Drawing effective cash flow management strategies in overcoming 

operating risk  

10.0 Project Planning & Construction Planning 

A well-defined plan with facts and practical aspect to it is the key to success. Not 

all managers are good planners. Planning and executing are two different 

aspects. While planning, it is strongly recommended that, you consult people 

who are actually going to execute the plans, crosscheck with facts and 

calculate using a spice of practicality. Planning should also consider the 

availability of good resources along with commitments to customers and the 

organization. If commitments to the customers are 

broken, whatever may be the reason, it becomes one cause for the client to 

move away from you. In the other case, even if there is pressure on the client, it 
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will become extremely difficult for client to move away from a “High Quality 

Service Provider”. Also cost factors should be considered and balanced. 

Planning should also take into account previous experience and best practices. 

The development of a construction plan is very much analogous to the 

development of a good facility design. The planner must weigh the costs and 

reliability of different options while at the same time insuring technical feasibility. 

Construction planning is more difficult in some ways since the building process is 

dynamic as the site and the physical facility change over time as construction 

proceeds. On the other hand, construction operations tend to be fairly standard 

from one project to another, whereas structural or foundation details might differ 

considerably from one facility to another.  

Forming a good construction plan is an exceptionally challenging problem. There 

are numerous possible plans available for any given project. While past 

experience is a good guide to construction planning, each project is likely to 

have special problems or opportunities that may require considerable ingenuity 

and creativity to overcome or exploit. Unfortunately, it is quite difficult to provide 

direct guidance concerning general procedures or strategies to form good plans 

in all circumstances. There are some recommendations or issues that can be 

addressed to describe the characteristics of good plans, but this does not 

necessarily tell a planner how to discover a good plan. However, as in the design 

process, strategies of decomposition in which planning is divided into 

subproblems and hierarchical planning in which general activities are repeatably 

subdivided into more specific tasks can be readily adopted in many cases.  

From the standpoint of construction contractors or the construction divisions of 

large firms, the planning process for construction projects consists of three stages 

that take place between the moment in which a planner starts the plan for the 

construction of a facility to the moment in which the evaluation of the final 

output of the construction process is finished.  
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The estimate stage involves the development of a cost and duration estimate for 

the construction of a facility as part of the proposal of a contractor to an owner. 

It is the stage in which assumptions of resource commitment to the necessary 

activities to build the facility are made by a planner. A careful and thorough 

analysis of different conditions imposed by the construction project design and 

by site characteristics are taken into consideration to determine the best 

estimate. The success of a contractor depends upon this estimate, not only to 

obtain a job but also to construct the facility with the highest profit. The planner 

has to look for the time-cost combination that will allow the contractor to be 

successful in his commitment. The result of a high estimate would be to lose the 

job, and the result of a low estimate could be to win the job, but to lose money in 

the construction process. When changes are done, they should improve the 

estimate, taking into account not only present effects, but also future outcomes 

of succeeding activities. It is very seldom the case in which the output of the 

construction process exactly echoes the estimate offered to the owner.  

In the monitoring and control stage of the construction process, the construction 

manager has to keep constant track of both activities' durations and ongoing 

costs. It is misleading to think that if the construction of the facility is on schedule 

or ahead of schedule, the cost will also be on the estimate or below the 

estimate, especially if several changes are made. Constant evaluation is 

necessary until the construction of the facility is complete. When work is finished 

in the construction process, and information about it is provided to the planner, 

the third stage of the planning process can begin.  

The evaluation stage is the one in which results of the construction process are 

matched against the estimate. A planner deals with this uncertainty during the 

estimate stage. Only when the outcome of the construction process is known is 

he/she able to evaluate the validity of the estimate. It is in this last stage of the 

planning process that he or she determines if the assumptions were correct. If 
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they were not or if new constraints emerge, he/she should introduce 

corresponding adjustments in future planning.  

11.0 Sub-contract Management 

This should be undertaken in the same spirit as you handle clients. Contractors 

should be identified keeping in mind their ability to perform, commitments, 

attitude etc. It is as if you are recruiting a competent member to carry out tasks 

in your own team. One of the most important things to judge the sub contractor 

is their dedication to work. Also their orientation towards, quality, timeliness, 

budget and behaviour are equally important. Working in tandem with the sub 

contractor can yield great results. They should be provided with all the help and 

information they need to carry out the assigned contract. Treating them as a 

part of your team gives them motivation to perform better and stop them hiding 

things. They should feel free to come and discuss their issues openly with you, 

which is a better way to handle critical situations. Getting their confidence is 

extremely important. Proper and realistic planning can be carried out and 

accomplished, if you are working effectively with sub-contractor. 

 

12.0 Deadlines 

Missing deadlines is a failure of planning and execution. It is a failure of a team to 

deliver. No excuses are sufficient (except natural calamities) to cover failures. 

What is important is the promise to the customer, and having a “Right on Target” 

attitude. 
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13.0 Client Communication 

Effective communication is saying “Yes” to opportunities and “No” if there is no 

chance of delivery but suggesting an alternative “Win-Win” situation. Those who 

do not accept “Win-Win” situations are not worth doing business with in the long 

term. The client is always seeking a solution. Permanent solutions help you get a 

pat on your back and more high-end work. One should not get into trivial and 

repeated work unless it is impossible to give a permanent solution by 

enhancements and automation. Communication techniques are not discussed 

here. What is discussed here is the basis of communication. The best 

communication is your work, your abilities, skills and most important your attitude. 

Regular timely information to the client is important in the same way. Conflicts 

with clients should be solved with patience explaining clearly the benefits for 

client. Nobody can deny the proposal where all seems to be a mixture of 

success. Not even your boss!! 

 

14.0 Design Methodology 

While the conceptual design process may be formal or informal, it can be 

characterized by a series of actions: formulation, analysis, search, decision, 

specification, and modification. Many iterations of redesign are expected to 

refine the functional requirements, design concepts and financial constraints, 

even though the analytic tools applied to the solution of the problem at this 

stage may be very crude.  
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Conceptual Design Process 

 

The series of actions taken in the conceptual design process may be described 

as follows:  

• Formulation refers to the definition or description of a design problem in 

broad terms through the synthesis of ideas describing alternative facilities.  

• Analysis refines the problem definition or description by separating 

important from peripheral information and by pulling together the 

essential detail. Interpretation and prediction are usually required as part 

of the analysis.  

• Search involves gathering a set of potential solutions for performing the 

specified functions and satisfying the user requirements.  

• Decision means that each of the potential solutions is evaluated and 

compared to the alternatives until the best solution is obtained.  
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• Specification is to describe the chosen solution in a form which contains 

enough detail for implementation.  

• Modification refers to the change in the solution or re-design if the solution 

is found to be wanting or if new information is discovered in the process of 

design.  

As the project moves from conceptual planning to detailed design, the design 

process becomes more formal. In general, the actions of formulation, analysis, 

search, decision, specification and modification still hold, but they represent 

specific steps with less random interactions in detailed design. The design 

methodology thus formalized can be applied to a variety of design problems.  

The design of a new facility often begins with the search of the files for a design 

that comes as close as possible to the one needed. The design process is guided 

by accumulated experience and intuition in the form of heuristic rules to find 

acceptable solutions. As more experience is gained for this particular type of 

facility, it often becomes evident that parts of the design problem are amenable 

to rigorous definition and algorithmic solution. Even formal optimization methods 

may be applied to some parts of the problem.  

15.0 Functional Design 

The objective of functional design for a proposed facility is to treat the facility as 

a complex system of interrelated spaces which are organized systematically 

according to the functions to be performed in these spaces in order to serve a 

collection of needs. The arrangement of physical spaces can be viewed as an 

iterative design process to find a suitable floor plan to facilitate the movement of 

people and goods associated with the operations intended.  

A designer often relies on a heuristic approach, i.e., applying selected rules or 

strategies serving to stimulate the investigation in search for a solution. The 
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heuristic approach used in arranging spatial layouts for facilities is based 

generally on the following considerations:  

1. identification of the goals and constraints for specified tasks,  

2. determination of the current state of each task in the iterative design 

process,  

3. evaluation of the differences between the current state and the goals,  

4. means of directing the efforts of search towards the goals on the basis of 

past experience.  

Hence, the procedure for seeking the goals can be recycled iteratively in order 

to make tradeoffs and thus improve the solution of spatial layouts.  

16.0 Physical Structures 

The structural design of complex engineering systems generally involves both 

synthesis and analysis. Synthesis is an inductive process while analysis is a 

deductive process. The activities in synthesis are often described as an art rather 

than a science, and are regarded more akin to creativity than to knowledge. 

The conception of a new structural system is by and large a matter of subjective 

decision since there is no established procedure for generating innovative and 

highly successful alternatives. The initial selection of a workable system from 

numerous possible alternatives relies heavily on the judicious judgment of the 

designer. Once a structural system is selected, it must be subjected to vigorous 

analysis to insure that it can sustain the demands in its environment. In addition, 

compatibility of the structural system with mechanical equipment and piping 

must be assured.  

For traditional types of structures such as office buildings, there are standard 

systems derived from the past experience of many designers. However, in many 

situations, special systems must be developed to meet the specified 

requirements. The choice of materials for a structure depends not only on the 
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suitability of materials and their influence on the form of the structure. For 

example, in the design of an airplane hangar, a steel skeleton frame may be 

selected because a similar frame in reinforced concrete will limit the span of the 

structure owing to its unfavorable ratio or resistance to weight. However, if a thin-

shelled roof is adopted, reinforced concrete may prove to be more suitable than 

steel. Thus, the interplay of the structural forms and materials affects the selection 

of a structural system, which in turn may influence the method of construction 

including the use of falsework.  

17.0 Geotechnical Engineering Investigation 

Since construction is site specific, it is very important to investigate the subsurface 

conditions which often influence the design of a facility as well as its foundation. 

The uncertainty in the design is particularly acute in geotechnical engineering so 

that the assignment of risks in this area should be a major concern. Since the 

degree of uncertainty in a project is perceived differently by different parties 

involved in a project, the assignment of unquantifiable risks arising from numerous 

unknowns to the owner, engineer and contractor is inherently difficult. It is no 

wonder that courts or arbitrators are often asked to distribute equitably a risk to 

parties who do not perceive the same risks and do not want to assume a 

disproportionate share of such risks. 

18.0 Design and Construction as an Integrated System 

In the planning of facilities, it is important to recognize the close relationship 

between design and construction. These processes can best be viewed as an 

integrated system. Broadly speaking, design is a process of creating the 

description of a new facility, usually represented by detailed plans and 

specifications; construction planning is a process of identifying activities and 

resources required to make the design a physical reality. Hence, construction is 

the implementation of a design envisioned by architects and engineers. In both 
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design and construction, numerous operational tasks must be performed with a 

variety of precedence and other relationships among the different tasks.  

Several characteristics are unique to the planning of constructed facilities and 

should be kept in mind even at the very early stage of the project life cycle. 

These include the following:  

• Nearly every facility is custom designed and constructed, and often 

requires a long time to complete.  

• Both the design and construction of a facility must satisfy the conditions 

peculiar to a specific site.  

• Because each project is site specific, its execution is influenced by natural, 

social and other locational conditions such as weather, labor supply, local 

building codes, etc.  

• Since the service life of a facility is long, the anticipation of future 

requirements is inherently difficult.  

• Because of technological complexity and market demands, changes of 

design plans during construction are not uncommon.  

In an integrated system, the planning for both design and construction can 

proceed almost simultaneously, examining various alternatives which are 

desirable from both viewpoints and thus eliminating the necessity of extensive 

revisions under the guise of value engineering. Furthermore, the review of designs 

with regard to their constructibility can be carried out as the project progresses 

from planning to design. For example, if the sequence of assembly of a structure 

and the critical loadings on the partially assembled structure during construction 

are carefully considered as a part of the overall structural design, the impacts of 

the design on construction falsework and on assembly details can be 

anticipated. However, if the design professionals are expected to assume such 

responsibilities, they must be rewarded for sharing the risks as well as for 

undertaking these additional tasks. Similarly, when construction contractors are 
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expected to take over the responsibilities of engineers, such as devising a very 

elaborate scheme to erect an unconventional structure, they too must be 

rewarded accordingly. As long as the owner does not assume the responsibility 

for resolving this risk-reward dilemma, the concept of a truly integrated system for 

design and construction cannot be realized.  

It is interesting to note that European owners are generally more open to new 

technologies and to share risks with designers and contractors. In particular, they 

are more willing to accept responsibilities for the unforeseen subsurface 

conditions in geotechnical engineering. Consequently, the designers and 

contractors are also more willing to introduce new techniques in order to reduce 

the time and cost of construction. In European practice, owners typically present 

contractors with a conceptual design, and contractors prepare detailed designs, 

which are checked by the owner's engineers. Those detailed designs may be 

alternate designs, and specialty contractors may also prepare detailed alternate 

designs.  

The willingness to assume responsibilities does not come easily from any party in 

the current litigious climate of the construction industry in the United States. On 

the other hand, if owner, architect, engineer, contractor and other groups that 

represent parts of the industry do not jointly fix the responsibilities of various tasks 

to appropriate parties, the standards of practice will eventually be set by court 

decisions  

Traditionally, the owner is not involved in the preparation and review of shop 

drawings, and perhaps is even unaware of any potential problems. In the 

recommended practice, the owner is required to take responsibility for providing 

adequate time and funding, including approval of scheduling, in order to allow 

the design professionals and construction contractors to perform satisfactorily.  

 



Overview of Effective & Efficient Project Planning, Management, Control and Delivery 

 

 

Arsea Consulting Engineers Sdn Bhd   

19 

 

19.0 Innovation and Technological Feasibility 

The planning for a construction project begins with the generation of concepts 

for a facility which will meet market demands and owner needs. Innovative 

concepts in design are highly valued not for their own sake but for their 

contributions to reducing costs and to the improvement of aesthetics, comfort or 

convenience as embodied in a well-designed facility. However, the constructor 

as well as the design professionals must have an appreciation and full 

understanding of the technological complexities often associated with 

innovative designs in order to provide a safe and sound facility. Since these 

concepts are often preliminary or tentative, screening studies are carried out to 

determine the overall technological viability and economic attractiveness 

without pursuing these concepts in great detail. Because of the ambiguity of the 

objectives and the uncertainty of external events, screening studies call for 

uninhibited innovation in creating new concepts and judicious judgment in 

selecting the appropriate ones for further consideration.  

One of the most important aspects of design innovation is the necessity of 

communication in the design/construction partnership.  

Innovative design concepts must be tested for technological feasibility. Three 

levels of technology are of special concern: technological requirements for 

operation or production, design resources and construction technology. The first 

refers to the new technologies that may be introduced in a facility which is used 

for a certain type of production such as chemical processing or nuclear power 

generation. The second refers to the design capabilities that are available to the 

designers, such as new computational methods or new materials. The third refers 

to new technologies which can be adopted to construct the facility, such as 

new equipment or new construction methods.  
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A new facility may involve complex new technology for operation in hostile 

environments such as severe climate or restricted accessibility. Large projects 

with unprecedented demands for resources such as labor supply, material and 

infrastructure may also call for careful technological feasibility studies. Major 

elements in a feasibility study on production technology should include, but are 

not limited to, the following:  

• Project type as characterized by the technology required, such as 

synthetic fuels, petrochemicals, nuclear power plants, etc.  

• Project size in dollars, design engineer's hours, construction labor hours, 

etc.  

• Design, including sources of any special technology which require 

licensing agreements.  

• Project location which may pose problems in environmental protection, 

labor productivity and special risks.  

The choice of construction technology and method involves both strategic and 

tactical decisions about appropriate technologies and the best sequencing of 

operations. For example, the extent to which prefabricated facility components 

will be used represents a strategic construction decision. In turn, prefabrication of 

components might be accomplished off-site in existing manufacturing facilities or 

a temporary, on-site fabrication plant might be used. Another example of a 

strategic decision is whether to install mechanical equipment in place early in 

the construction process or at an intermediate stage. Strategic decisions of this 

sort should be integrated with the process of facility design in many cases. At the 

tactical level, detailed decisions about how to accomplish particular tasks are 

required, and such decisions can often be made in the field.  

Construction planning should be a major concern in the development of facility 

designs, in the preparation of cost estimates, and in forming bids by contractors. 

Unfortunately, planning for the construction of a facility is often treated as an 
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after thought by design professionals. This contrasts with manufacturing practices 

in which the assembly of devices is a major concern in design. Design to insure 

ease of assembly or construction should be a major concern of engineers and 

architects. As the Business Roundtable noted, "All too often chances to cut 

schedule time and costs are lost because construction operates as a production 

process separated by a chasm from financial planning, scheduling, and 

engineering or architectural design. Too many engineers, separated from field 

experience, are not up to date about how to build what they design, or how to 

design so structures and equipment can be erected most efficiently."  

20.0 Innovation and Economic Feasibility 

Innovation is often regarded as the engine which can introduce construction 

economies and advance labor productivity. This is obviously true for certain types 

of innovations in industrial production technologies, design capabilities, and 

construction equipment and methods. However, there are also limitations due to 

the economic infeasibility of such innovations, particularly in the segments of 

construction industry which are more fragmented and permit ease of entry, as in 

the construction of residential housing.  

Use of new materials  

In recent years, an almost entirely new set of materials is emerging for 

construction, largely from the aerospace and electronics industries. These 

materials were developed from new knowledge about the structure and 

properties of materials as well as new techniques for altering existing materials. 

Additives to traditional materials such as concrete and steel are particularly 

prominent.  

Green Buildings 
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The Green Building Index is intended to promote voluntary improvements in 

design and construction practices. In the rating system, buildings receive points 

for a variety of aspects, including reduced energy use, greater use of daylight 

rather than artificial lights, recycling construction waste, rainfall runoff reduction, 

availability of public transit access, etc. While some of these aspects may 

increase construction costs, many reduce operating costs or make buildings 

more attractive. Green building approaches are spreading to industrial plants 

and other types of construction.  

21.0 Construction Site Environment 

While the general information about the construction site is usually available at 

the planning stage of a project, it is important for the design professionals and 

construction manager as well as the contractor to visit the site. Each group will 

be benefited by first-hand knowledge acquired in the field.  

For design professionals, an examination of the topography may focus their 

attention to the layout of a facility on the site for maximum use of space in 

compliance with various regulatory restrictions. In the case of industrial plants, the 

production or processing design and operation often dictate the site layout. A 

poor layout can cause construction problems such as inadequate space for 

staging, limited access for materials and personnel, and restrictions on the use of 

certain construction methods. Thus, design and construction inputs are important 

in the layout of a facility.  

The construction manager and the contractor must visit the site to gain some 

insight in preparing or evaluating the bid package for the project. They can verify 

access roads and water, electrical and other service utilities in the immediate 

vicinity, with the view of finding suitable locations for erecting temporary facilities 

and the field office. They can also observe any interferences of existing facilities 

with construction and develop a plan for site security during construction.  
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In examining site conditions, particular attention must be paid to environmental 

factors such as drainage, groundwater and the possibility of floods. Of particular 

concern is the possible presence of hazardous waste materials from previous 

uses. Cleaning up or controlling hazardous wastes can be extremely expensive.  

22.0 Industrialized Construction and Pre-fabrication 

Another approach to construction innovation is to apply the principles and 

organizational solutions adopted for manufacturing. Industrialized construction 

and pre-fabrication would involve transferring a significant portion of 

construction operations from the construction site to more or less remote sites 

where individual components of buildings and structures are produced. Elements 

of facilities could be prefabricated off the erection site and assembled by cranes 

and other lifting machinery.  

There are a wide variety and degrees of introducing greater industrialization to 

the construction process. Many components of constructed facilities have 

always been manufactured, such as air conditioning units. Lumber, piping and 

other individual components are manufactured to standard sizes. Even 

temporary items such as forms for concrete can be assembled off-site and 

transported for use. Reinforcing bars for concrete can also be pre-cut and 

shaped to the desired configuration in a manufacturing plant or in an 

automated plant located proximate to a construction site.  

A major problem in extending the use of pre-fabricated units is the lack of 

standardization for systems and building regulations. While designers have long 

adopted standard sizes for individual components in designs, the adoption of 

standardized sub-assemblies is rarer. Without standardization, the achievement 

of a large market and scale economies of production in manufacturing may be 

impossible. An innovative and more thorough industrialization of the entire 
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building process may be a primary source of construction cost savings in the 

future.  

 

23.0 Computer-Aided Engineering 

In the past twenty years, the computer has become an essential tool in 

engineering, design, and accounting. The innovative designs of complicated 

facilities cited in the previous sections would be impossible without the aid of 

computer based analysis tools. By using general purpose analysis programs to 

test alternative designs of complex structures such as petrochemical plants, 

engineers are able to greatly improve initial designs. General purpose 

accounting systems are also available and adopted in organizations to perform 

routine bookkeeping and financial accounting chores. These applications exploit 

the capability for computers to perform numerical calculations in a pre-

programmed fashion rapidly, inexpensively and accurately.  

Despite these advances, the computer is often used as only an incidental tool in 

the design, construction and project management processes. However, new 

capabilities, systems and application programs are rapidly being adopted. These 

are motivated in part by the remarkable improvement in computer hardware 

capability, the introduction of the Internet, and an extraordinary decline in cost. 

New concepts in computer design and in software are also contributing. For 

example, the introduction of personal computers using microcircuitry has 

encouraged the adoption of interactive programs because of the low cost and 

considerable capability of the computer hardware. Personal computers 

available for a thousand dollars in 1995 have essentially the same capability as 

expensive mainframe computer systems of fifteen years earlier.  

Computer graphics provide another pertinent example of a potentially 

revolutionary mechanism for design and communication. Graphical 
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representations of both the physical and work activities on projects have been 

essential tools in the construction industry for decades. Computers are also being 

applied more and more extensively to non-analytical and non-numerical tasks. 

For example, computer based specification writing assistants are used to rapidly 

assemble sets of standard specifications or to insert special clauses in the 

documentation of facility designs. As another example, computerized transfer of 

information provides a means to avoid laborious and error-prone transcription of 

project information. While most of the traditional applications and research in 

computer aids have emphasized numerical calculations, the use of computers 

will rapidly shift towards the more prevalent and difficult problems of planning, 

communication, design and management.  

Knowledge based systems represent a prominent example of new software 

approaches applicable to project management. These systems originally 

emerged from research in artificial intelligence in which human cognitive 

processes were modeled. In limited problem domains such as equipment 

configuration or process control, knowledge based systems have been 

demonstrated to approach or surpass the performance of human experts. The 

programs are marked by a separation between the reasoning or "inference" 

engine program and the representation of domain specific knowledge. As a 

result, system developers need not specify complete problem solving strategies 

(or algorithms) for particular problems. This characteristic of knowledge based 

systems make them particularly useful in the ill-structured domains of design and 

project management.  

Computer program assistants has become ubiquitous in virtually all project 

management organizations. The challenge for managers is to use the new tools 

in an effective fashion. Computer intensive work environments should be 

structured to aid and to amplify the capabilities of managers rather than to 

divert attention from real problems such as worker motivation.  


