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Preface

This book is about Critical Path Method (CPM)-based planning and scheduling as applied to the construction industry. The book’s distinguishing feature is the use of one example project throughout to demonstrate planning, scheduling, project acceleration, resource management, time control, financial control and the project cost system. The example project is a highway bridge.

It has been suggested that a building project might be more appropriate for many readers. We have seriously considered that suggestion, although the complexity of even a simple building tends to obscure project management fundamentals in logistical detail and diminish the clarity of the book. The bridge example, although a civil engineering project, typifies the basics of construction by incorporating critical aspects of most construction projects: the construction of foundations, concrete work, structural steel, and finish work, all of which require labor and equipment supervision, subcontractor management, and material expediting. The entire highway bridge project takes 10 weeks to construct and can be completely illustrated in 70 distinct activities.

This fifth edition has been updated with current labor, material, and equipment pricing and includes a complete estimate for the highway bridge. Scheduling and management concepts, such as Work Breakdown Structures (WBS) and the Earned Value Management System (EVMS), are developed in this edition. An estimate in SI units is included in Appendix B for readers outside the United States.

Of particular interest is Chapter 6, which includes discussions of production planning as it affects personnel, safety, quality, paperwork, and material control. A site layout drawing shows the location of temporary buildings, formwork fabrication, material laydown and staging area, fire extinguishers, and first aid kits. Much of the information in this chapter is gleaned from years of construction experience and is unique to this text.

For generations Men, Machines, Materials, Methods, and Money have been the five Ms of construction. Efficient usage of these five resources  is the essence of construction management. However, in recent years, an important change in these basic resources has occurred. Women now constitute an important part of the construction industry. They occupy responsible positions in the field trades and at all levels of management. Construction terms like “journeyman,” “foreman,” and “piledriverman” have been used in the industry for literally hundreds of years. Because such words are the only ones generally recognized, these words are used in this text but are not meant in any way to imply gender. At times, the word “he” or “him” is used as a singular pronoun. Such use of the masculine gender is done solely for the sake of readability and has no presumption of gender. The authors of this text recognize and applaud the important contribution that women have made and are making to the construction industry.

This book teaches a method for capturing, modeling, and viewing the entirety of a construction project so that it can be effectively planned and managed from start to finish. Consequently, many of the illustrations are quite large and presented on extra-wide pages called tip-ins. Due to production limitations, these tip-ins can only be inserted at specific intervals throughout the book rather than at the point they are referenced. Where a tip-in is referenced, guidance is provided on where to locate the figure within the text. In some cases, the tip-ins are located in the chapter following the point where they are referenced.

This fifth edition represents 37 years of publication and three generations of authors. We trust that this fully updated edition will continue as a principal reference for today’s professionals and an instructive guide for tomorrow’s constructors.

 

S. Keoki Sears, London, England 
Glenn A. Sears, Durango, Colorado 
January 2008




1

Construction Practices




1.1 Introduction 

The objective of this book is to present and discuss the management of field construction projects. These projects involve a great deal of time and expense, so close management control is required if they are to be completed within the established time and cost limitations. The text also develops and discusses management techniques directed toward the control of cost, time, resources, and project finance during the construction process. Emphasis is placed on practical and applied procedures of proven efficacy. Examples relate to field construction practices.

Effective management of a project also requires a considerable background of general knowledge about the construction industry. The purpose of this chapter is to familiarize the reader with certain fundamentals of construction practice that will be useful for a complete understanding of the discussions presented in later chapters.




1.2 Construction Industry 

In terms of the dollar value of output produced, the construction industry is the largest single production activity of the U.S. economy. The annual expenditure of approximately $1.2 trillion for construction in 2006 accounts for more than 9 percent of the gross national product (GNP). Thus, almost 1 of every 10 dollars spent for goods and services in  the United States is spent on construction. The construction industry is directly responsible for approximately 6 percent of private employment (or 5 percent of total jobs) in the United States, making it one of the nation’s largest employers.

Not only does the construction industry touch the lives of virtually everyone on a daily basis; it occupies a fundamental position in many national economies. This large and pervasive industry is regarded as the bellwether of economic growth in the United States. Periods of national prosperity usually are associated with high levels of construction activity. One is the natural result of the other.

The construction industry is heterogeneous and enormously complex. There are several major classifications of construction that differ markedly from one another: housing, nonresidential building, heavy, highway, utility, and industrial. In addition, these construction types are further divided into many specialties, such as electrical, concrete, excavation, piping, and roofing.

Construction work is accomplished by contractors who vary widely in size and specialty. Some contractors choose to concentrate on a particular task or aspect of the construction project and are therefore referred to as specialty contractors. Others assume broader responsibility for a comprehensive work package and are referred to as prime contractors. Commonly, prime contractors will subcontract specific aspects of a project to the specialty contractors, forming a contractual web of prime contractors and specialty contractors. Within the industry, very large contractors handle annual volumes in excess of $15 billion; their annual budgets rival the gross national products of many small countries. However, the construction industry is typified by small businesses.




1.3 Construction Project 

Construction projects are intricate, time-consuming undertakings. The total development of a project normally consists of several phases requiring a diverse range of specialized services. In progressing from initial planning to project completion, the typical job passes through successive and distinct stages that demand input from such disparate areas as financial organizations, governmental agencies, engineers, architects, lawyers, insurance and surety companies, contractors, material manufacturers and suppliers, and building tradesmen.

During the construction process itself, even a structure of modest proportions involves many skills, materials, and literally hundreds of different operations. The assembly process must follow a natural order of events that constitutes a complicated pattern of individual time requirements  and restrictive sequential relationships among the structure’s many segments.

To some degree each construction project is unique—no two jobs are ever exactly the same. In its specifics, each structure is tailored to suit its environment, arranged to perform its own particular function, and designed to reflect personal tastes and preferences. The vagaries of the construction site and the possibilities for creative and utilitarian variation of even the most standardized building product combine to make each construction project a new and different experience. The contractor sets up its “factory” on the site and, to a large extent, custom builds each structure.

The construction process is subject to the influence of highly variable and sometimes unpredictable factors. The construction team, which includes architects, engineers, building tradesmen, subcontractors, material dealers, and others, changes from one job to the next. All the complexities inherent in different construction sites—such as subsoil conditions, surface topography, weather, transportation, material supply, utilities and services, local subcontractors, labor conditions, and available technologies—are an innate part of construction.

Consequently, construction projects are typified by their complexity and diversity and by the nonstandardized nature of their production. The use of factory-made modular units may diminish this individuality somewhat, but it is unlikely that field construction will ever be able to adapt completely to the standardized methods and product uniformity of assembly line production. On the contrary, many manufacturing processes are moving toward “one-off” production and adopting many of the project management tools originating in the construction industry.




1.4 Project Stages 

A construction project proceeds in a rather definite order; the stages of development that follow are typical.


A. Planning and Definition 

Once an owner has identified the need for a new facility, he or she must define the requirements and delineate the budgetary constraints. Project definition involves establishing broad project characteristics, such as location, performance criteria, size, configuration, layout, equipment, services, and other owner requirements needed to establish the general aspects of the project. Conceptual planning stops short of detailed design, although a considerable amount of preliminary architectural or engineering work may be required. 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.


B. Design 

The design phase involves the architectural and engineering design of the entire project. It culminates in the preparation of final working drawings and specifications for the total construction program. In practice, design, procurement, and construction often overlap, with procurement and construction beginning on certain segments as soon as the design is completed and drawings and specifications become available.


C. Procurement and Construction 

“Procurement” refers to the ordering, expediting, and delivering of key project equipment and materials, especially those that may involve long delivery periods. This function may or may not be handled separately from the construction process itself. “Construction” is, of course, the process of physically erecting the project and putting the materials and equipment into place, and this involves providing the manpower, construction equipment, materials, supplies, supervision, and management necessary to accomplish the work.




1.5 Owner 

The owner, whether public or private, is the instigating party that gets the project financed, designed, and built. Public owners are public bodies of some kind, and range from the federal government down through state, county, and municipal entities to a multiplicity of local boards, commissions, and authorities. Public projects are paid for by appropriations, bonds, or other forms of financing and are built to perform a defined public function. Public owners must proceed in accordance with applicable statutes and administrative directives pertaining to advertising for bids, bidding procedure, construction contracts, contract administration, and other matters relating to the design and construction process.

Private owners may be individuals, partnerships, corporations, or various combinations thereof. Most private owners have the structure built for their own use: business, habitation, or otherwise. However, some private owners do not intend to be the end users of the constructed facility; rather, they plan to sell, lease, or rent the completed structure to others. These end users may or may not be known to the owners at the time of construction.




1.6 Architect-Engineer 

The architect-engineer, also known as the design professional, is the party or firm that designs the project. Because such design is architectural or engineering in nature, or often a combination of the two, the term “architect-engineer” is used in this book to refer to the design professional,  regardless of the applicable specialty or the relationship between the architect-engineer and the owner.

The architect-engineer can occupy a variety of positions with respect to the owner for whom the design is undertaken. Many public agencies and large corporate owners maintain their own in-house design capability. In such instances, the architect-engineer is the design arm of the owner. In the traditional and most common arrangement, the architect-engineer is a private and independent design firm that accomplishes the design under contract with the owner. Where the “design-construct” mode of construction is used, the owner contracts with a single party for both design and construction. In such cases the architect-engineer is a branch of, or is affiliated in some way with, the construction contractor.




1.7 Prime Contractor 

A prime contractor, also known as a general contractor, is the firm that is in prime contract with the owner for the construction of a project, either in its entirety or for some designated portion thereof. In this regard, the owner may choose to use a single prime contract or several separate prime contracts.

Under the single-contract system, the owner awards construction of the entire project to one prime contractor. In this situation, the contractor brings together all the diverse elements and inputs of the construction process into a single, coordinated effort and assumes full, centralized responsibility for the delivery of the finished job, constructed in accordance with the contract documents. The prime contractor is fully responsible to the owner for the performance of the subcontractors and other third parties to the construction contract.

When separate contracts are used, the project is not constructed under the centralized control of a single prime contractor. Rather, several independent contractors work on the project simultaneously, and each is responsible for a designated portion of the work. Each of the contractors is in contract with the owner and each functions independently of the others. Hence, each of these contractors is a prime contractor. Responsibility for coordination of these contractors may be undertaken by the owner, the architect-engineer, a construction manager, or one of the prime contractors who is paid extra to perform certain overall job management duties.




1.8 Competitive Bidding 

The owner selects a prime contractor on the basis of competitive bidding, negotiation, or some combination of the two. A large proportion of the construction in the United States is done by contractors that obtain  their work in bidding competition with other contractors. The competitive bidding of public projects is often required by law and is standard procedure for public agencies. Essentially all public construction work is done by this method. When bidding a project, the contractor estimates how much the structure will cost using the architect-engineer’s drawings and specifications as a basis for the calculations. The contractor then adds a reasonable profit to this cost and guarantees to do the entire job for the stated price.

Bid prices quoted by the bidding contractors most often constitute the principal basis for selection of the successful contractor, with the low bidder usually receiving the contract award. Most bidding documents stipulate that the work shall be awarded to the “lowest responsible bidder.” This gives the owner the right to reject the proposal of a bidding contractor if the contractor is judged to be unqualified for some reason. If its bid is selected, the contractor is obligated to complete the work in exchange for the contract amount.

Competitive bidding can also be used where the successful contractor is determined on a basis other than the estimated cost of the construction. For example, where the contract involves payment of a prescribed fee to the contractor, the amount of the fee is sometimes used as a basis of competition among contractors. Construction management services are sometimes obtained by an owner using the fees proposed by the different bidders as the basis for contract award. This is often referred to as a fee-based bid.




1.9 Negotiated Contracts 

At times it can be advantageous for an owner to negotiate a contract for its project with a preselected contractor or small group of contractors. It is common practice for an owner to forgo the competitive bidding process and to handpick a contractor on the basis of its reputation and overall qualifications to do the job. A contract is negotiated between the owner and the chosen contractor. Clearly, such contracts can include any terms and provisions that are mutually agreeable to the parties. Most negotiated contracts are of the cost-plus-fee type, a subject that will be developed more fully later.




1.10 Combined Bidding and Negotiation 

An owner sometimes will combine elements of both competitive bidding and negotiation. One such process is to have a bid where the competing contractors are required to submit their qualifications along with their bids and are encouraged to tender suggestions as to how the cost of the  project could be reduced. The owner then interviews those contractors whose proposals appear most favorable and negotiates a contract with one of them.




1.11 Subcontracting 

The extent to which a general contractor will subcontract work depends greatly on the nature of the project and the contractor’s own organization. There are instances where the job is entirely subcontracted, so the general contractor provides only supervision, job coordination, project billing, and perhaps general site services. At the other end of the spectrum are those projects where the general contractor does no subcontracting, choosing to do the work entirely with its own forces. Customarily, however, the prime contractor will perform the basic project operations and will subcontract the remainder to various specialty contractors. Types of work with which the prime contractor is inexperienced or for which it is not properly equipped are usually subcontracted, since qualified subcontractors generally are able to perform their specialty faster and less expensively than the general contractor. In addition, many construction specialties have specific licensing, bonding, and insurance requirements that would be costly for the general contractor to secure for intermittent use.

When the prime contractor engages a specialty firm to accomplish a particular portion of the project, the two parties enter into a contract called a subcontract. No contractual relationship is thereby established between the owner and the subcontractor. When a general contractor sublets a portion of its work to a subcontractor, the prime contractor remains responsible under its contract with the owner for any negligent or faulty performance by the subcontractor. The prime contractor assumes complete responsibility to the owner for the direction and accomplishment of the total work. An important part of this responsibility is the coordination and supervision of the subcontractors.




1.12 Design-Bid-Construct 

Traditionally, field construction is not begun until the architect-engineer has completed and finalized the design. This sequence is still predominant in the industry and is referred to as the design-bid-construct procedure. While completing one step before initiating the next may be acceptable to owners on some projects, it will be unacceptably slow to other owners. A number of financial considerations dictate the earliest possible completion date for many construction projects. It is possible to reduce the total design-construction time required for some projects by starting  the construction before complete design of the entire project has been accomplished.




1.13 Fast Tracking 

“Fast tracking” refers to the overlapping accomplishment of project design and construction. As the design of progressive phases of the work is finalized, these work packages are put under contract, a process also commonly referred to as phased construction. Early phases of the project are under construction while later stages are still on the drawing boards. This procedure of overlapping the design and construction can appreciably reduce the total time required to achieve project completion. For obvious reasons, fast tracking and phased construction sometimes can offer attractive advantages to the owner and also can be the source of severe coordination problems.




1.14 Construction Contract Services 

A myriad of contract forms and types are available to the owner for accomplishing its construction needs, and all of them call for defined services to be provided under contract to the owner. The scope and nature of such services can be made to include almost anything the owner wishes. The selection of the proper contract form appropriate to the situation is an important decision for the owner and is one deserving of careful consideration and consultation.

The construction contract can be made to include construction, design-construct, or construction management services, each of which is discussed in the next three sections.




1.15 Construction Services 

A large proportion of construction contracts provide that the general contractor have responsibility to the owner only for accomplishment of the field construction. Under such an arrangement, the contractor is completely removed from the design process and has no input into it. Its obligation to the owner is limited to constructing the project in full accordance with the contract terms.

Where the contractor provides construction services only, the usual arrangement is for a private architect-engineer firm to perform the design in contract with the owner. Under this arrangement, the design professional acts essentially as an independent design contractor during the design  phase and as an agent of the owner during construction operations. The architect-engineer acts as a professional intermediary between the owner and contractor and often represents the owner in matters of construction contract administration. Under such contractual arrangements, the owner, architect-engineer, and contractor play narrowly defined roles, and the contractor is basically in an adversarial relationship with the other two.




1.16 Design-Construct 

When the owner contracts with a single firm for both design and construction and possibly procurement services, this is referred to as a design-construct project. This form of contract is usually negotiated, although occasionally it is competitively bid. Usually the contractor has its own design section with architects and engineers as company employees. In other cases, however, the architect-engineer can be a contractor’s corporate affiliate or subsidiary, or the contractor can enter into a joint venture arrangement with an independent architect-engineer firm for a given project or contract.

The team concept is basic to design-construct. The owner, designer, and builder work cooperatively in the total development of the project. The contractor provides substantial input into the design process on matters pertaining to materials, construction methods, cost estimates, and construction time schedules. In recent years, owners have shown increasing acceptance and usage of this concept, largely due to the economies of cost and time that can be realized by melding the two functions of design and construction. Injecting contractor experience and expertise into the design process offers the possibility of achieving cost savings for the owner. Because fast tracking is possible under a design-construct contract, the owner may well have the beneficial use of the structure considerably before it would have under the more traditional design-bid-construct arrangement.

A “turnkey” contract is similar to a design-construct contract. The difference lies in the greater range of responsibilities that the contractor undertakes on behalf of the owner under a turnkey arrangement. For example, a turnkey contract often includes such services as land selection and acquisition, project financing, project equipage procurement, and leasing of the completed facility.




1.17 Construction Management 

The term “construction management” is applied to the provision of professional management services to the owner of a construction project with the objective of achieving high quality at minimum cost. Such services  may encompass only a defined portion of the construction program, such as field construction, or they may include total project responsibility. The objective of this approach is to treat project planning, design, and construction as integrated tasks within a construction system. Where construction management is used, a nonadversarial team is created consisting of the owner, construction manager, architect-engineer, and contractor. The project participants, by working together from project inception to project completion, attempt to serve the owner’s best interests in optimum fashion. By striking a balance between construction cost, project quality, and completion schedule, the management team strives to produce for the owner a project of maximum value within the most economical time frame. Construction management does not include design or construction services per se, but involves management direction and control over defined design and construction activities.

Construction management services are performed for the owner for a stipulated fee by design firms, contractors, and professional construction managers. Such services range from merely coordinating contractors during the construction phase to broad-scale responsibilities over project planning and design, project organization, design document review, construction scheduling, value engineering, field cost monitoring, and other management services. Selection of the construction manager by the owner is sometimes accomplished by competitive bidding using both fee and qualifications as bases for contract awards. Usually, however, the construction management arrangement is considered to be a professional services contract and is negotiated. These contracts normally provide for a fixed fee plus reimbursement of management costs.




1.18 Fixed-Sum Contract 

A fixed-sum contract requires the contractor to complete a defined package of work in exchange for a sum of money fixed by the contract. Should the actual cost of the work exceed this figure, the contractor absorbs the loss. The owner is obligated to make only such total payment as is stipulated in the contractual agreement. A fixed-sum contract may be either lump sum or unit price.

With a lump-sum contract, the contractor agrees to complete a stipulated package of work in exchange for a single lump sum of money. Use of this form of contract is obviously limited to those construction projects where both the nature and quantity of each work type can be accurately and completely determined before the contract sum is set.

A unit-price contract requires the contractor to perform certain well-defined items of work in accordance with a schedule of fixed prices for each unit of work put into place. The total sum of money paid to the  contractor for each work item is determined by multiplying the contract unit price by the number of units actually done on the job. The contractor is obligated to perform the quantities of work required in the field at the quoted unit prices, whether the final quantities are greater or less than those initially estimated by the architect-engineer. This is subject to any contract provision for redetermination of unit prices when substantial quantity variations occur. Unit-price contracts are especially useful on projects where the nature of the work is well defined but the quantities of work cannot be accurately forecast in advance of construction.




1.19 Cost-Plus-Fee Contracts 

Cost-plus-fee contracts provide that the owner reimburse the contractor for all construction costs and pay a fee for its services. How the contractor’s fee is determined is stipulated in the contract, and a number of different procedures are used in this regard. Commonly used are provisions that the fee shall be a stipulated percentage of the total direct cost of construction or that the fee shall be a fixed sum. Incentive clauses are sometimes included that give the contractor an inducement to complete the job as efficiently and expeditiously as possible through the application of bonus and penalty variations to the contractor’s basic fee. A guaranteed maximum cost is frequently included in cost-plus contracts. Under this form, the contractor agrees that it will construct the total project in full accordance with the contract documents and that the cost to the owner will not exceed some total price.




1.20 Work-by-Force Account 

The owner may elect to act as its own constructor rather than have the work done by a professional contractor. If the structure is being built for the owner’s own use, this method of construction is called the force-account system. In such a situation, the owner may accomplish the work with its own forces and provide the supervision, materials, and equipment itself. Or the owner may choose to subcontract the entire project, assuming the responsibility of coordinating and supervising the work of the subcontractors. Because public projects generally must be contracted out on a competitive-bid basis, force-account work by a public agency usually is limited to maintenance, repair, or cases of emergency. Force-account work can also be coupled with other contracting methods discussed earlier in this chapter to handle specific aspects of the project that cannot be clearly defined or have undergone significant change. In such cases, the contractor performs the associated work at  the direction of the owner and bills for these services on a time and materials basis.

Over the years, many studies have revealed that most owners cannot perform field construction work nearly as well or as inexpensively as professional contractors. The reason for these findings is obvious: The contractor is intimately familiar with materials, equipment, construction labor, and methods. It maintains a force of competent supervisors and workers and is equipped to do the job. Only when the owner conducts a steady and appreciable volume of construction and applies the latest field management techniques is it economically feasible for it to carry out its own construction operations.




1.21 Turnkey and BOT Contracts 

Fixed-sum, cost-plus-fee, and work-by-force account contracting methods all require owners to coordinate initial planning, design, construction, and facilities start-up. These tasks distract the owners from their core business responsibilities. For this reason, some owners also contract these responsibilities to the contractor. Turnkey and build-operate-transfer (BOT) contracts provide a vehicle for complete project delivery by the contractor.

In a turnkey arrangement, the owner provides the facility design requirements to the contractor, which designs and constructs the facility under a single contract. The single contract eliminates the need for owner coordination and reduces project duration. Upon completion, the key to the project is turned over to the owner and the contract is closed out.

BOT contracts are an extension of the turnkey method. The contractor designs, constructs, operates, and maintains the facility for a predetermined concessionary period. In most cases, the contractor receives no payment from the owner for these services but retains all or a portion of the revenues earned by the project during the concession. This contracting method generally is used for bridges, highways, power plants, and similar projects that generate a long-term revenue stream. At the end of the concession period, ownership transfers from the contractor to the owner.




1.22 Speculative Construction 

When owners build structures for sale or lease to other parties, they engage in what is commonly referred to as speculative construction. Housing and commercial properties like shopping centers and warehousing facilities are common examples of such construction. In tract housing, for instance, “merchant” builders develop land and build housing for sale to the general public. This is a form of speculative construction through which  developers act as their own prime contractors. They build dwelling units on their own account and employ sales forces to market their products. In much speculative housing, contractors build for unknown buyers. In commercial applications, however, construction does not normally proceed until suitable sale or lease arrangements have been made. Leases are usually necessary so that the developers can arrange their financing. It also enables them to build to the lessee’s individual specifications. Most speculative builders function more as land or commercial developers than as contractors, choosing to subcontract all or most of the actual construction work.




1.23 Management during the Design Phase 

Project cost and time control actually begin during the design phase. In the initial design stages, estimates such as annual cost to the owner and total life-cycle costs of the facility are made. Technical job standards are weighed against cost, function, maintenance, and appearance with the objective of minimizing the full cost of constructing, operating, and maintaining the new facilities over their useful life. As the design develops, construction methods and material alternatives are subjected to value analysis as a rational means of optimizing the entire construction process in terms of cost and time. Cost budgets—ranging from preliminary to final—are prepared as the design approaches completion.

Time control during the design stage is directed toward minimizing construction time consistent with project quality and total cost. The delivery times of materials and project equipment are checked. Where long delivery periods are involved, the design is changed or procurement is initiated as soon as the design has progressed sufficiently to allow detailed purchasing specifications to be drawn. Construction methods are chosen whose cost characteristics are favorable and for which adequate labor and construction equipment will be available as needed. A preliminary project time schedule usually is prepared as the design progresses.




1.24 Management of Field Construction 

Discussions up to this point have demonstrated that owners have the option of using many different procedures to get their structures built. Regardless of the variability of these procedures, however, one party assumes management responsibility for the field construction process. Depending on the methods used by the owner, this party may be the owner, the architect-engineer, a construction manager, or a general contractor.

The management of field construction customarily is done on an individual project basis, with a project manager being made responsible for  all aspects of the construction. For large projects, a field office usually is established directly on the job site for the use of the project manager and his staff. A good working relationship with a variety of outside persons and organizations, such as architects, engineers, owners, subcontractors, material and equipment dealers, labor unions, and regulatory agencies, is an important part of guiding a job through to its conclusion. Field project management is directed toward pulling together all the diverse elements necessary to complete the project satisfactorily. Management procedures presented later will, in general, be discussed only as they apply to field construction, although they are equally applicable to the entire project, from concept to start-up.




1.25 Project Manager 

The project manager organizes, plans, schedules, and controls the field work and is responsible for getting the project completed within the time and cost limitations. He acts as the focal point for all facets of the project and brings together the efforts of all organizations having input into the construction process. He coordinates matters relevant to the project and expedites project operations by dealing directly with the individuals and organizations involved. In any such situation where events progress rapidly and decisions must be consistent and informed, the specific leadership of one person is needed. Because he has the overall responsibility, the project manager must have broad authority over all elements of the project. The nature of construction is such that the manager often must take action quickly on his own initiative, and it is necessary that he be empowered to do so. To be effective, he must have full control of the job and be the one voice that speaks for the project. Project management is a function of executive leadership and provides the cohesive force that binds together the several diverse elements into a team effort for project completion.

Large projects normally will have a full-time project manager who is a member of the firm’s top management or who reports to a senior executive of the company. The manager may have a project team to assist him, or he may be supported by a central office functional group. When smaller contracts are involved, a single individual may act as project manager for several jobs simultaneously. An important aspect of a project manager’s position is that his duties normally are separate from those of field supervision. The day-to-day direction of field operations is handled by a site supervisor or field superintendent whose duties involve working with the foremen, coordinating the subcontractors, directing construction operations, and keeping the work progressing smoothly and on schedule. The fact is that construction project authority is a partnership effort between the project manager and the field superintendent, who work very  closely together. Nevertheless, centralized authority is necessary for the proper conduct of a construction project, and the project manager is the central figure.




1.26 Project Manager Qualifications 

The effective project manager must possess four essential attributes. First, he must have a considerable background of practical construction experience so that he is thoroughly familiar with the workings and intricacies of the industry. Without such a basic grounding in construction fundamentals, the project manager would be completely unprepared to carry out his responsibilities.

Second, the project manager must have, or have available to him, persons with expertise and experience in the application of specialized management techniques to the planning, scheduling, and control of construction operations. These procedures have been developed specifically for application to construction projects and are those discussed in this book. Because much of the management system is usually computer based, the project manager must have access to adequate computer support services.

Third, the project manager must have the capacity to step back from the complex details of daily construction operations and look into the future—planning for upcoming activities, checking material deliveries, determining manpower and training requirements, identifying possible changes to the work, and other future problem areas.

Fourth, the project manager must have the personality and insight that will enable him to work harmoniously with other people, often under very strained and trying circumstances. The manager, after all, cannot accomplish everything through his efforts alone. He must work with and through people in the performance of his duties. Doing this requires an appreciation and understanding of the human factor. Without this, his other attributes, however commendable, will be of limited effectiveness.
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Management System




2.1 Need for Project Management 

In most construction contracts, the contractor is given only one opportunity to set its price (the bid). From that point on, profits are determined by the project manager’s ability to save money through better planning of daily operations and the skill to make good decisions. If a project is to be constructed within its established budget and time schedule, close management control of field operations is a necessity. Project conditions such as technical complexity, importance of timely completion, resource limitations, and substantial costs put great emphasis on the planning, scheduling, and control of construction operations. Unfortunately, the construction process, once set into motion, is not a self-regulating mechanism and requires expert guidance if events are to conform to plans.

It must be remembered that projects are one-time and largely unique efforts of limited time duration that involve work of a nonstandardized and variable nature. Field construction work can be affected profoundly by events that are difficult, if not impossible, to anticipate. Under such uncertain and shifting conditions, field construction costs and time requirements are changing constantly and can seriously deteriorate with little or no advance warning. The presence of uncertainty in construction does not suggest that planning is impossible but rather that it will assume a monumental role in the success or failure of the project. The greater the level  of uncertainty in the project, the greater the need for exhaustive project planning and skilled and unremitting management effort.

Under most competitively bid, fixed-sum contracts calling for construction services only, the general contractor exercises management control over construction operations. Self-interest is the essential motivation in such cases, the contractor being obligated by contract to meet a prescribed completion date and to finish the project for a stipulated sum. The surest way for the contractor to achieve its own objectives, and those of the owner in the bargain, is by applying some system of project management.

Serving the best interests of the owner is the primary emphasis of project control under other forms of contracts. Field management under design-construct, construction management, and many cost-plus contracts is directed principally toward providing the owner with professional advisory and management services to best achieve the owner’s objectives.




2.2 Project Management Characteristics 

In its most common context, the term “management” relates to the planning, organizing, directing, and controlling of a business enterprise. Business management is essentially a continuing and internal activity involving that company’s own personnel, finances, property, and other resources. Construction project management, however, applies to a given project, the various phases of which usually are accomplished by different organizations. Therefore, the management of a construction project is not so much a process of managing the internal affairs of a single company as it is one of coordinating and regulating all of the elements needed to accomplish the job at hand. Thus, the typical project manager must work extensively with organizations other than his own. In such circumstances, much of his authority is conferred by contractual terms or power of agency and is therefore less direct than that of the usual business manager. Project management is accomplished largely through the personnel of different employers working closely together.




2.3 Discussion Viewpoint 

As mentioned previously, the responsibility for field construction management rests with different parties, depending on owner preference and the nature of the contracting procedure. Whether the owner, architect-engineer, general contractor, or a construction manager performs such duties is very much a matter of context. The basics of the pertinent management procedures are essentially the same, however, regardless of the implementing party. Nevertheless, to show detailed workings and examples  of such management methods, it is necessary to present the material from the specific viewpoint of one of these parties. Thus, where the nature of the discussion requires such designation, the treatment of management methods herein will be from the particular viewpoint of the general contractor.




2.4 Management Procedures 

Field construction has little in common with the assembly-line production of standardized products. Standard costs, time-and-motion studies, process flowcharts, and line-of-balance techniques—all traditional management devices used by the manufacturing industries—have not lent themselves well to general construction applications. Historically, construction project management has been a rudimentary and largely intuitive process, aided by the useful but inadequate bar chart (see Section 5.29.)

Over the years, however, new scientific management concepts have been developed and applied. Application of these principles to construction has resulted in the development of techniques for the management control of construction cost, time, resources, and project finance, treating the entire construction process as a unified system. Comprehensive management control is applied from inception to completion of construction operations.

Field project management starts with the onset of construction, at which point a comprehensive construction budget and detailed time schedule of operations are prepared. These constitute the accepted cost and time goals used as a blueprint for the actual construction process. After the project has begun, monitoring systems are established that measure the actual costs and progress of the work at periodic intervals. The reporting system provides progress information that is measured against the programmed targets. Comparison of field expense and progress with the established plan quickly detects exceptions that must receive prompt management attention. Data from the system can be used to make corrected forecasts of costs and time to complete the work.

The process just described is often called a management-by-exception procedure. When applied to a given project, it emphasizes the prompt and explicit identification of deviations from an established plan or norm. Reports that highlight exceptions from the standard enable the manager to recognize quickly those project areas requiring attention. As long as an item of work is progressing in accordance with the plan, no action is needed, but there are always plenty of problem areas that do require attention. Management-by-exception devices are useful, and this book emphasizes their application.

In addition to cost and time, the field management system is necessarily concerned with the management of job resources and with project financial control. Resources in this context refer to materials, labor, construction  equipment, and subcontractors. Resource management is primarily a process of the advance recognition of project needs, scheduling and expediting of the resources required, and adjusting the demands where necessary. Project financial control involves the responsibility of the project manager for the total cash flow generated by the construction work and the terms of the contract.

As indicated by the preceding discussion, there are several different aspects of a project control system. Each of these major management topics is treated separately in the chapters that follow. It must be recognized, however, that these aspects are highly interrelated segments of a total project management process.




2.5 Time and Cost Management 

Project time and cost management are based on time and cost schedules developed for the project and an information system that will provide data for comparing expected with actual performance. The information or monitor system measures, evaluates, and reports job progress, comparing it with the planned performance, which keeps the project manager apprised of the nature and extent of any deviation. When deviations do occur, the manager takes whatever action is considered feasible and effective to correct the situation. Costs and time can quickly get out of hand on construction projects where production conditions are volatile. Job monitoring must detect such aberrations quickly. Cost and time control information must be timely with little delay between field work and management review of performance. This timely information gives the project manager a chance to evaluate alternatives and take corrective action while an opportunity still exists to rectify problem areas.

In a sense, all management efforts are directed toward cost control because expedient completion of safe and high-quality projects represents both construction savings for the contractor and beneficial usage for the owner. In practice, however, time and cost management are spoken of and applied as separate, although interrelated, procedures. One aspect of this separation is the difference in job breakdown structure used for time and cost control purposes. The distinctive character of the two procedures requires that the project be divided into two different sets of elements: project components for time control and work classifications for cost control.

The realities of a field project make the strict control of every detail unattainable in a practical sense. Consequently, it must be recognized that the time and cost management methods discussed in this book are imperfect procedures, affording results of reasonable accuracy and to managers whose powers to control are far from absolute. Project management procedures offer no panacea for construction problems. They provide no  magic answers, and the management information generated is no better than the quality of the input data. Nevertheless, a reasonably good basis is established for informed decision making.




2.6 Planning and Scheduling 

Planning, the first step in the process of construction time control, is discussed at length in Chapter 4. On the basis of a detailed study of job requirements, planning establishes what is to be done, how it is to be done, and the order in which it will proceed. The planning function is accomplished by dividing the project into many components or time-consuming steps, called activities, and establishing the sequence in which they will be performed. An example of an activity might be “Install boiler” or “Set bar joists.” The results of project planning are shown graphically in the form of a network diagram. This diagram can be drawn using either of two different graphical notation systems, “precedence” or “arrow.” Precedence notation is emphasized herein and is used throughout for discussion purposes. The arrow convention is presented in Appendix D.

A detailed time study of the planning network is then conducted, with adjustments to the plan being made as necessary to meet the project completion date. Some selective shortening of key construction activities may be in order at this point. Manpower and construction equipment requirements are evaluated for the individual job activities, with adjustments being made to minimize unbalanced or conflicting demands. On the basis of these studies, the contractor establishes a calendar-date schedule of the anticipated start and finish times for each activity. The resulting time schedule, subject to periodic revision and correction during construction, is the essential basis for the day-to-day time control of the project. Such a schedule serves as an exceptionally effective early-warning device for detecting when and where the project is falling behind schedule and the impact that these delays will have on the project as a whole. The several facets of project scheduling are the topics of Chapters 5, 7, and 9.




2.7 CPM Procedure 

The planning and scheduling of construction projects normally uses a network-based management procedure referred to as the Critical Path Method (CPM). CPM was developed especially to provide an effective and workable procedure for planning and scheduling construction operations. Widely used by the construction industry, and frequently a contract requirement, CPM involves a definite body of management procedures and is the basis for the planning and scheduling methods discussed in this book.

The heart of CPM is a graphical job plan that shows all the construction activities necessary for job completion and the order in which they will be done. This graphical network portrays, in simple and direct form, the complex time relationships and constraints among the various segments of a project. It has the tremendous advantage of easily accommodating modifications, refinements, and corrections. It provides the project manager with 12 invaluable time control information and devices:1. Concise information regarding the planned sequence of construction operations
2. A means to predict with reasonable accuracy the time required for overall project completion and the times to reach intermediate construction goals (commonly called milestones)
3. Proposed start and finish calendar dates for project activities consistent with the construction plan
4. Identification of those “critical” activities whose expedient execution is crucial to timely project completion
5. A guide for reducing project time
6. A basis for scheduling subcontractors and material deliveries to the job site
7. A basis for balanced scheduling of manpower and construction equipment on the project
8. The rapid evaluation of time requirements for alternative construction methods
9. An effective model for numerically computing project status
10. An essential vehicle for progress reporting, recording, and analysis
11. A basis for evaluating the time effects of construction changes and delays
12. A language for the communication of plans, processes, and goals for the entire project team





2.8 Time Monitoring and Control 

When field operations begin, the order in which the project proceeds is in accordance with an approved job plan. During the construction period, advancement of the work is monitored by measuring and reporting field progress at regular intervals. These data are analyzed and time-control measures are taken as appropriate to keep the work progressing on schedule.

Progress measurement for time-control purposes is an approximate process and is based on determining the time status of each individual job activity. Progress normally is measured by noting those activities that have  been completed and estimating the remaining time required to complete those in process. When compared with the latest planned schedule, these data give the manager an immediate indication of the time status of each job activity. Because activities seldom start or finish exactly as scheduled, the field information also serves as the basis for occasional updates that yield revised project completion dates and corrected time schedules for the construction yet to be done. The workings of project time control are discussed in Chapter 9.




2.9 Project Cost System 

The project cost system is concerned with the control of expenses on current projects and the gathering of production information for use in estimating the cost of future work. The application of cost controls to a construction project actually begins when the costs are estimated initially. It is then that the project budget is established. This is the budget used by the project manager for cost-control purposes during field construction.

If there is to be an opportunity for genuine cost control, it must be possible to detect cost overruns promptly by making frequent comparisons between actual and budgeted expenses of production during the construction process. In addition, the actual costs must be determined in sufficient detail to enable project management to locate the source of cost overruns. During construction, cost accounting methods are applied to obtain the actual production rates and costs as they occur. Specifically designed summary reports are prepared periodically to pinpoint work areas where costs are exceeding the budget. This management-by-exception cost system immediately identifies for the project manager where production costs are unsatisfactory and management action is needed. If the project manager takes timely and suitable corrective measures, cost overruns often can be minimized and future expenditures brought into line with budget estimates. In addition to maintaining a continuous check on production costs for cost-control purposes, the project cost system yields valuable information needed for estimating future construction work. Average production rates and unit costs are obtained from completed projects and maintained in permanent and easily accessible databases. These records of past cost experience are a valuable resource to the estimator when new projects are being estimated.

For both cost-control and estimating purposes, a construction project must be broken down into standardized and categorized building blocks, often called cost codes, work types, or Work Breakdown Structure (WBS) elements. Hence, cost information gathered during the construction phase must be tracked using the same cost codes that will be used in producing future estimates. This allows the historical cost information to be recalled  and assembled in a variety of different ways to produce reasonable cost estimates of future projects. Some examples of work types might be “footing concrete, place (cy)” or “structural steel, erect (ton).” These classifications are used throughout a company’s cost system. Each work type is assigned a unique and permanent cost code number that is used consistently by all company personnel and that does not change from project to project. Chapter 10 presents a detailed treatment of a project cost system.




2.10 Estimating the Project 

When the project design has been finalized, a complete and detailed cost estimate is prepared. The contractor uses this estimate for bidding and subsequent cost-control purposes. With cost-plus and construction management contracts, a similar estimate is compiled, essentially for the owner’s cost-control purposes during construction. The final estimate is based on a detailed quantity takeoff that is a compilation of the total amounts of elementary work classifications required. The costs of labor, construction equipment, and materials are computed on the basis of the work quantities involved. Subcontract amounts are obtained from bids submitted by subcontractors to the general contractor. Taxes, overhead, and surety bonds are added as required.

Of all the costs involved in the construction process, those of labor and construction equipment are the most difficult to estimate and control. Fundamentally, the estimating of such costs is based on production rates. A production rate can be expressed as hours of labor or equipment time required to accomplish a unit amount of a given work type. An example of this is the number of labor hours required to erect a ton of structural steel. Production rates also can be expressed as the number of units of a work type that can be done per unit of time, such as per hour. An example of such a production rate is the number of cubic yards of excavation that a power shovel can perform in one hour. For quick and convenient application, production rates frequently are converted to costs per unit of work. The source of production rates and unit costs is the company’s cost accounting system. When the cost estimate has been completed, the project control budget is prepared. This schedule of costs is the standard to which the actual costs of production are compared during field operations. Chapter 3 discusses estimating project costs and preparing the project budget.




2.11 Project Cost Accounting 

Project cost accounting is the process of obtaining actual production rates and unit costs from ongoing projects. This system provides the basic information for project cost control and for estimating new work. Because  of the uncertain nature of labor and equipment costs, these two items of expense are subjected to detailed and frequent analysis during the construction period. They are the main emphasis of a construction cost accounting system. Basic elements of this system are labor and equipment work hours, hourly expense rates for labor and equipment, and the quantity of work accomplished during the specified period. These data are analyzed and periodic cost reports are produced. These cost reports compare budgeted with actual costs of production for each work type and are used for cost-control purposes. These reports not only enable comparisons to be made between budgeted and actual expenses as the work proceeds, but also provide a basis for making forecasts of the final project cost. They also record production rates and unit costs for future use in estimating.

Cost accounting, unlike financial accounting, is not conducted entirely in terms of cost. To establish production rates and unit costs, work quantities and hours of labor and equipment usage must also be determined. Consequently, accurately measuring and reporting work quantities completed, and the associated hours of labor and equipment expended in the field, are integral parts of a cost accounting system.




2.12 Resource Management 

The term “resources” refers to manpower, construction equipment, materials, and subcontractors. These resources totally control job progress and must be managed carefully during the construction process. Schedules of future resource needs are prepared and positive steps taken to assure that adequate job support will be available as required. Favorable material deliveries require skilled attention to procurement, shop drawing review and approval, expediting, and quality control. Labor crews and construction equipment must be scheduled and arranged. Subcontractors must be kept informed of the overall job schedule and given advance notice when their services are required, and their work must be coordinated with the total project effort.

Resource management involves other aspects as well. Job schedules occasionally must be adjusted to reduce the daily demand for certain resources to more practical levels. Impracticable bunching of job resources must be leveled to a smoother and more attainable demand profile. Resource management and its procedures are discussed in Chapter 8.




2.13 Project Financial Control 

For management purposes, a construction project is treated essentially as a separate and autonomous effort requiring resources and input from a variety of sources. For income and expense, profit or loss, and general financial  accounting purposes, each project is handled separately and individually. The significance of this method is that the project manager generally has responsibility for the control of project financial matters. Of concern here are considerations ranging from total project cash flow to everyday matters of contract administration. Monthly pay requests, an estimated schedule of payments by owner, project cash forecasts, changes to the contract, and disbursements to material dealers and subcontractors are all examples of project financial matters subject to management control procedures. Methods and procedures applicable to project financial management are discussed in Chapter 11.




2.14 Automating Project Management Tasks 

The management and control of project time, cost, resources, and finance by the contractor during the field construction process require that the project manager originate, manipulate, summarize, and interpret large volumes of numerical data. In order to generate such information and apply it in optimum fashion, the project manager customarily relies on computer software to provide a wide range of data processing and to automate routine tasks. Project managers must react quickly to changing conditions, and their decisions must be made with the secure knowledge that they are acting on the basis of adequate, accurate, and current intelligence. Modern management software can greatly assist in making this information available and in providing information for the evaluation of alternate courses of action. With most of the time-consuming data manipulation automated, the project manager can devote more time to problem solving and developing more profitable approaches.

However, because of the continuous emergence of new machines and new software support, this volume makes no effort to discuss specific hardware configurations or the workings of software in current usage for project management purposes. Rather, emphasis is placed on sources of information, the management significance of the data generated by the computer, and how these data are applied to the control of a construction project.




2.15 Manual Methods 

The preceding discussion of computer applications to job management is not meant to imply that manual methods have no place in the system. The project manager may rely on hand methods for limited portions of a project and to carry out computations for making quick checks, to determine the effect of changes, or to study a specialized portion of the work.

Even when the calculations are automated, the project manager must understand the computational procedures that are an innate part of the  techniques applied. The manager’s intimate familiarity with the workings of the procedures will provide an intuitive feel and grasp of a project that cannot be obtained in any other way. Because manual methods are useful in their own right and a thorough understanding of the computational methods involved with the computer generation of management data is crucial to the proper application of project control methods, this book discusses in step-by-step fashion the manual calculation of the several kinds of construction management tools.




2.16 Discussion Format 

Several different management procedures are presented in the chapters that follow. In an attempt to provide a sense of continuity while going from one topic to another, an Example Project is used as a continuing basis for the succeeding series of discussions. In order to acquaint the reader both with the detailed workings of certain procedures and the broad applicability of others, examples of construction work ranging from modest to comprehensive in extent are needed. To provide examples of both macro- and micro-work packages, a large-scale project consisting of several separate segments or subprojects serves as the Example Project.

Two segments of the Example Project are used for illustrative purposes where a considerable scope of construction activity is needed to present a given management application. An individual subproject is adopted where the level of detail is such that the procedure is best explained by using an example of limited proportions. Several project management actions are presented subsequently using segments of the Example Project as the basis for discussion. Each major management responsibility is the subject of a different chapter. The changes, modifications, revisions, and corrections that are discussed in any one chapter are limited to that chapter and do not carry forward to the next. For purposes of clarity, the methods presented in each chapter are discussed independently of one another and are applied, in turn, to the original, unchanged Example Project.




2.17 Example Project 

The Example Project involves the construction of an earth dam and some appurtenant structures. The completed project will serve a number of purposes, including flood control, irrigation, and recreation. The dam will be constructed across an existing river, the flow of which is highly variable with the season. A permanent reservoir will be formed, the extent of which will vary considerably during the year. The job site covers a considerable geographical area that is undeveloped and unpopulated.

Figure 2.1

Example Project

[image: 003]

The design of the Example Project has been completed, and working drawings and specifications are now available. The owner is a public agency, and the project will be competitively bid by prequalified contractors. Accordingly, project field management will be carried out by the successful prime contractor. Public notice of the receipt of proposals has been given as required by law, bidding documents are available, and the bidding process is about to begin. The entire Example Project will be awarded by a single contract to the low-bidding prime contractor. Because of the nature of the work involved, unit-price bidding will be used. The contract will contain a time requirement for completion of the construction, and liquidated damages will apply in the event of late contract completion.

The flowchart in Figure 2.1 depicts the overall Example Project and the principal operations that will be covered by the construction contract. This figure shows the major aspects of the work, the general sequence of which will be as described. One of the first operations must be the diversion of the river away from the dam site area. The borrow areas from which the earth dam material is to be obtained are located some distance from the dam site and must be stripped of surface soil and vegetation. Haul roads between the dam and the borrow areas must be developed, keeping grades to a minimum and providing hard, smooth rolling surfaces. After the river diversion, borrow development, and haul roads have been accomplished, construction of the dam itself can proceed.

While this preparatory work and the dam are under way, other segments of the Example Project can progress simultaneously. A concrete emergency spillway is to be built at a location removed from the main dam itself. The new reservoir area necessitates the relocation of five miles of existing natural gas pipeline, and a new bridge must be built where an adjoining highway crosses a reservoir inlet. The closure and removal of the river diversion will be the final major construction operation. The highway bridge and the pipeline relocation will be used to illustrate several construction management applications.




3

Project Cost Estimating




3.1 Project Cost System 

During the design phase of a construction project, the project costs are continuously approximated and reviewed following each design change to ensure that they will not exceed the owner’s budget. This working budget is generally referred to as the engineer’s or architect’s estimate. Upon design completion, the field cost-control system is initiated by making a final, detailed cost estimate of the entire work. The construction contractor or another party who will be directly involved in the field operations normally prepares this “contractor’s estimate.” The contractor’s estimate is then reduced to a working construction budget and forms the basis of the construction cost control system.

During the construction process, cost accounting methods (discussed in Chapter 10) are used to retrieve actual construction expenses from ongoing construction operations. This information is then used for cost control purposes on the current project and for estimating the cost of future projects. Additionally, the cost system provides considerable information pertinent to project financial control (discussed in Chapter 11). This chapter discusses cost-estimating procedures and how the final project budget is obtained.




3.2 Preliminary Cost Estimates 

Preliminary estimates of future construction expenditures, made during the project planning and design phases, are necessarily approximate because they are compiled before the project is completely defined. Making such conceptual estimates is an art quite different from determining the final detailed estimate of construction costs.

Fundamentally, all conceptual price estimates are based on some system of gross unit costs obtained from previous construction work. These unit costs are extrapolated forward in time to reflect current market conditions, project location, and the particular character of the job presently under consideration. Some of the methods commonly used to prepare preliminary estimates include:

Cost per Function EstimateThis analysis is based on the estimated expenditure per unit of use, such as cost per patient, student, seat, or car space. Construction expense may also be approximated as the average outlay per unit of a plant’s manufacturing or production capacity. These parameters are generally used as a method of quickly defining facilities costs at the inception of a project when only raw marketing information is known, such as the number of patients that a planned hospital will hold. This broad method of developing costs can also provide a powerful check on more detailed estimates once they have been generated.





Index Number EstimateThis method involves estimating the price of a proposed structure through updating the construction cost of a similar existing facility. It is done by multiplying the original construction cost of the existing structure by a national price index that has been adjusted to local conditions, such as weather, labor expense, materials costs, transportation, and site location. A price index is the ratio of present construction cost to the original construction outlay for the type of structure involved. Many forms of price indexes are available in various trade publications.





Unit Area Cost EstimateThis method of estimating facilities costs is an approximate cost obtained by using an estimated price for each unit of gross floor area. The method is used frequently in building and residential home construction. It provides an accurate approximation of costs for structures that are standardized or have a large sampling of historical cost information from similar structures. This type of estimate is used often in the industry to compare the relative worth of various facilities.





Unit Volume Cost EstimateThis estimate is based on an approximated expenditure for each unit of the total volume enclosed. This estimating method works well in defining the costs of warehouses and industrial facilities.





Panel Unit Cost EstimateThis analysis is based on unit costs per square unit area of floors, unit length of perimeter walls, partition walls, and unit roof area. Generally this form of estimating is used to improve the preceding estimates once additional detailed information about the facility is known.





Parameter Cost EstimateThis estimate involves unit costs, called parameter costs, for each of several different building components or systems. The prices of site work, foundations, floors, exterior walls, interior walls, structure, roof, doors, glazed openings, plumbing, heating and ventilating, electrical, and other items are determined separately by the use of estimated parameter costs. These unit expenses can be based on dimensions or quantities of the components themselves or on the common measure of building square footage.





Partial Takeoff EstimateThis analysis uses quantities of major work items taken from partially completed design documents. These are priced using estimated unit prices for each work item taken off. During the design stage, this type of estimate is considered to provide the most accurate preliminary costs. Yet the feasibility of this method is highly dependent on the availability of completed design documents. Generally this estimate cannot be made until well into the design process. Hence it is often used to refine the previously discussed estimating methods.








3.3 Final Cost Estimate 

The final cost estimate of a project is prepared when finalized working drawings and specifications are available. This detailed estimate of construction expense is based on a complete and detailed survey of work quantities required to accomplish the work. The process involves the identification, compilation, and analysis of the many items of cost that will enter into the construction process. Such estimating, which is done before the work is actually performed, requires careful and detailed study of the design documents, together with an intimate knowledge of the prices, availability, and characteristics of materials, construction equipment, and labor.

It must be recognized that even the final construction estimate is of limited accuracy and that it bears little resemblance to the advance determination of the production costs of mass-produced goods. By virtue of standardized conditions and close plant control, a manufacturer can arrive at the future expense of a unit of production with considerable precision. Construction estimating, by comparison, is a relatively crude process. The absence of any appreciable standardization together with a myriad of unique site and project conditions make the advance computation of exact construction expenditures a matter more of accident than design. Nevertheless, a skilled and experienced estimator, using cost accounting information gleaned from previous construction work of a similar nature, can do a credible job of predicting construction disbursements despite the project imponderables normally involved. The character or location of a construction project sometimes presents unique problems, but some basic principles for which there is precedent almost always apply.

When pricing a job of some size, there will undoubtedly be more than one person involved in the quantity takeoff and pricing phases. The term “estimator” is used herein to refer to whoever may be involved with the estimating procedure being discussed.

There are probably as many different estimating procedures as there are estimators. In any process involving such a large number of intricate manipulations, variations naturally result. The form of the data generated, the sequential order followed, the nature of the elementary work classifications used, the mode of applying costs—all are subject to considerable diversity. Individual estimators develop and mold procedures to fit their own context and to suit their own preferences. In this volume, rather than attempt any detailed discussion of estimating methods, only the general aspects of construction estimating are presented.




3.4 Highway Bridge 

To illustrate the workings of several major aspects of project management, including the cost system, it will be useful to have a construction job large enough to be meaningful, but not so large that its sheer size will obscure the basic objectives. The highway bridge, a segment of the Example Project, has been selected to serve as the basis for discussion of a project estimating and cost system. Although the highway bridge would be estimated and bid as a part of the total Example Project, it has been isolated here for demonstration purposes.

The highway bridge to be erected is a single-span vehicular bridge that will cross a small ravine. The bridge is of a deck-girder type and is of composite steel-concrete construction. Figures 3.1 and 3.2 show the bridge profile and a transverse section. The two abutments are of reinforced concrete, each consisting of a breast wall and two wing walls. Each abutment rests on a heavy concrete footing supported by twenty-eight 40-foot-long H-section steel piles. The 10-inch-thick reinforced concrete paving slab is supported by seven W363150 steel floor girders. A steel guardrail is required to extend the length of the bridge along each side. All exposed structural concrete is to be given a rubbed finish, and all of the metal surfaces are to be painted.

 Figure 3.1

Highway bridge, profile
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Figure 3.2

Highway bridge, transverse section
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The owner of the Example Project is a public agency, and the entire work, including the highway bridge, is to be competitively bid on the basis of unit prices. The final estimate and working job budget that will be obtained in the sections that follow are those prepared by the prime contractor for its bidding and cost-control purposes. The design has been completed, and bidding documents, including finalized drawings and specifications, are in the hands of the bidding contractors.

Figure 3.3, the proposal form to be used for the bidding of the highway bridge, shows 12 bid items and the engineer’s quantity estimate of each. The bidding contractor fills in the Unit Price, column 5, and Estimated Amount, column 6, after the estimating process has been completed (see Figure 3.9).

Figure 3.3

Highway bridge, bid form
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3.5 Quantity Survey 

The first step in preparing the final price estimate of the highway bridge is the preparation of a quantity survey. This survey is simply a detailed compilation of the nature and quantity of each work type required. Taking off quantities is done in substantial detail, with the bridge being divided into many different work types or classifications. Such a takeoff is made  where unit-price bidding is involved, even though the architect-engineer customarily provides estimated quantities of each bid item with the bidding documents. A basic reason for making a quantity survey for unit-price bidding is that most bid items cannot be priced without breaking the work down into smaller subdivisions. Another reason is that the architect-engineer’s quantity estimates, such as those given in column 4 of Figure 3.3, are specifically stated to be approximations only. Making the quantity survey also provides the estimator with the intimate familiarity of job requirements so vital to realistic project pricing.

The estimator takes the dimensions and numbers of units of each work type from the design drawings, enters them on quantity sheets, and extends them into totals. The summarized results of the quantity survey on the highway bridge are shown in Figure 3.4. This figure does not show any quantities for painting. This is because the prime contractor normally limits its takeoff to work items it might carry out with its own forces. The contractor intends to subcontract the highway bridge painting and thus did not take off quantities of this specialized work category.

Figure 3.4

Highway bridge, work quantities
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A comparison of Figures 3.3 and 3.4 will show that the architect-engineer’s estimate and the contractor’s takeoff are the same insofar as the quantities of the individual bid items are concerned. Quantities estimated by the architect-engineer and by the bidding contractors do not always check; at times, the differences can be substantial. However, for such a relatively precise work package as the highway bridge, it is reasonable to assume that agreement of the quantity figures will be relatively close in all cases.




3.6 Management Input 

Early in the estimating process, certainly before the work is priced, a number of important management decisions must be made concerning the project and how construction operations are to be conducted. When the job is being priced, the estimator must exert every effort to price each work type as realistically as possible. To do this, major decisions must be made concerning project organization, the major construction methods to be used, the sequential order of operations, and what construction equipment will be utilized. These four considerations require management attention and are of consuming importance to the bidding process.

A new project cannot be intelligently priced until some major management determinations have been made concerning the conduct of the work. It is clear, therefore, that there must be some regular and usual procedure for the estimator to precipitate such decision making. An effective means of doing this is to have a prebid meeting of knowledgeable company personnel who have the authority to make decisions and binding commitments. If at all possible, the group should include the proposed project manager and the field superintendent. At this meeting, details of the job are discussed, job requirements are reviewed, alternative choices are evaluated, and decisions are made.




3.7 Field Supervision 

Before pricing the job, it is always good practice to identify the top supervisors who will be assigned to it. The reason for this is not only to establish specific salary requirements, but also to recognize that most job supervisors do better in terms of construction costs on some portions of a project than on others. Some superintendents are known to be very good at getting a job out of the ground but do not perform as well during later  phases of the construction. A given supervisor may be experienced with one type of equipment but not with another. The pricing of a project must take into account the special abilities of key field personnel.

The matching of field supervisory talents with the demands of a particular project is one of the most important management actions. The best management system in the world cannot overcome the handicap of poor supervision. The importance of an experienced, skilled, and energetic field supervisory team cannot be overemphasized.




3.8 Construction Methods 

Seldom is there a job operation that can be performed in only one manner. Preferably, the choice of method is made after evaluating the time and cost characteristics of the feasible alternatives. This is not to say that a detailed cost study must be undertaken before making decisions concerning alternative ways of doing every construction operation. Frequently, convention, together with experience and equipment availability, prescribes most of these choices to the estimator. However, there are times when these operational choices are sufficiently important to justify conducting a detailed comparative study.

Many examples of alternative construction methods can be cited, such as procedures to be followed in underpinning an adjacent structure, how best to brace an excavation, what method of scaffolding to use, and how to dewater the site. All of these involve judgments of major import to the conduct of the work. The proper evaluation of alternatives can require considerable time and extensive engineering studies. It is obvious, however, that the principal construction procedures to be used must be identified before the job can be intelligently priced.




3.9 General Time Schedule 

When a new project is being estimated, it is necessary to devise a general plan and operational time schedule. Estimators customarily do this during the takeoff stage, although often in an informal and almost subconscious way. Small jobs may require little investigation in this regard, but larger projects deserve more than a cursory time study. Time is of prime importance on all projects, in part because most contracts impose a required project completion date on the contractor.

An approximate construction schedule is also important for project pricing purposes. Many of the job overhead expenses are directly related to the duration of the construction period. When a calendar of work operations is prepared, the time periods required for each of the major job parts can be established, as well as the kinds of weather to be anticipated.  This calendar provides invaluable information to the estimator concerning equipment and labor productivity, cold weather operations, necessity of multiple shifts or overtime, and other such matters.

Devising a general job plan and time schedule must start with a study of project requirements. This study will enable an approximation to be made of the times necessary to accomplish each of the major job segments. Next, the sequence in which these segments must proceed is established. The result is a bar chart—a series of bars plotted against a horizontal time scale showing the completion date of the overall project and the approximate calendar times during which the various parts of the job will proceed. Each bar represents the beginning, duration, and completion of some designated segment of the total project. Together, the bars make up a time schedule for the entire job. If the bar chart completion date is not consonant with owner requirements, the estimator will have to rework the job plan.

Although the bar chart has had the advantage of some general planning, it cannot be regarded as the equivalent of a detailed network analysis. However, the development of a CPM job schedule requires considerable time and effort. Consequently, on a competitively bid job, a contractor usually will not make a full-scale time study until it has been proclaimed the successful bidder and awarded the contract. This practical fact emphasizes the need for making a reasonably accurate general time schedule of the project during the bidding period.

Figure 3.5 shows the general time schedule for the highway bridge. It indicates that a construction period of about 15 weeks will be necessary. Subsequent refinement and development of the job plan will undoubtedly disclose imperfections. Nevertheless, if the development of Figure 3.5 has received adequate consideration, it will serve as an acceptably accurate job picture for pricing purposes. Considerable job planning has already occurred to develop the job schedule to this stage.

Figure 3.5

Highway bridge, general time schedule
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3.10 Construction Equipment 

Projects that are of the highway, heavy, or utility category normally require considerable amounts of construction equipment for their accomplishment. A substantial proportion of the total cost of these projects is associated with such equipment; however, equipment expenses vary greatly with the type and size of the individual unit. Commensurately, the detailed pricing of equipment on the bridge project cannot proceed very far until equipment selection decisions have been made in fairly specific terms. It is essential that the estimator be able to price the job with reasonable assurance that he is doing so on the basis of the equipment types that actually will be used during construction operations.

To illustrate the workings of equipment decisions, consider the equipment commitments made for the highway bridge. A decision to use transit-mix concrete obtained from a commercial concern obviates the need for a field concrete plant. For pouring concrete, placing structural steel, and driving steel piles, a 50-ton crane equipped with an 80-foot boom will be used. A 7,200-foot-pound double-acting hammer and a 900-cubic-foot-per-minute portable air compressor with hose and connections will be used for the pile driving. A tractor with a low-boy trailer and a 25-ton crane will be needed for transport and assembly of the pile driving rig. A crawler tractor with bulldozer blade will do the unclassified excavation, and a 1-cubic-yard backhoe will be used for the structural excavation. A flatbed truck, troweling machine, and concrete saw will complete the list of larger equipment needs. Smaller equipment such as concrete vibrators and assorted small tools will be provided as needed and priced elsewhere. These are the kinds of advance equipment decisions that must be made during the estimating stage.




3.11 Summary Sheets 

After the quantity survey has been completed and decisions concerning methods and equipment have been made, the total quantities are transferred from the quantity sheets to summary sheets for pricing purposes. On lump-sum projects, it is standard practice to transfer all quantities of work pertaining to a single construction classification to the same summary sheet before pricing them. As an example, concrete quantities and prices would appear on a concrete summary sheet. Similar summary sheets are prepared for the other work classifications, such as excavation, concrete forms, masonry, and carpentry. On a unit-price job like the highway bridge, each summary sheet lists the work types necessary to accomplish the total quantity of a single bid item and may include several different classifications of work. Figure 3.6 is the summary sheet for Bid Item No. 6, Concrete, abutments, on the highway bridge. The summary sheets for the other 11 bid items are presented in Appendix A. A metric version of all the estimating figures is shown in Appendix B. In Figure 3.6 and in the summary sheets in Appendices A and B, an identifying number designates each work type. These are the contractor’s standard cost account numbers that are basic to the workings of its cost accounting system. When the takeoff is being compiled for a new project, the work is broken down into the standard elementary classifications established by this system. Each of these standard work types bears a unique cost account number. The coding system is discussed further in Chapter 10.
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Figure 3.6

Highway bridge, bid-item summary sheet
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3.12 Material Costs 

It is customary for the contractor to solicit and receive specific price quotations for most of the materials required by the job being priced. Exceptions to this generality are stock items such as plyform, nails, and lumber, which the contractor purchases in large quantities and of which a running inventory is maintained. Written quotations for special job materials are desirable so that such important considerations as prices, freight charges, taxes, delivery schedules, and guarantees are explicitly understood. Most material suppliers tender their quotations on printed forms that include stipulations pertaining to terms of payment and other considerations. For the highway bridge project, the contractor will receive during the bidding period written price quotations from material dealers covering specific job materials, such as transit-mix concrete, structural and reinforcing steel, steel pilings, and guardrails. Consequently, if the quantity survey has been prepared with precision, materials usually can be accurately priced.

When material costs are entered on the summary sheets, they must all have a common basis, for example, delivered to the job site and without sales tax. Prices as entered will ordinarily include freight, drayage, storage, and inspection. It is common practice to enter material prices without tax, adding this as a lump-sum amount on the final recap sheet (see Section 3.25).

It is not unusual for the owner to provide certain materials to the contractor for use on the project, although this does not occur on the highway bridge. In such a case, contractors need not add this material price into their estimates. However, all other charges associated with the material, such as handling and installation expense, must be included.




3.13 Labor Costs 

The real challenge in pricing construction work is determining labor and equipment expenditures. These are the categories of construction expense that are inherently variable and the most difficult to estimate accurately. To do an acceptable job of establishing these outlays, the estimator must make a complete and thorough job analysis, maintain a comprehensive library of unit costs and production rates from past projects, and obtain advance decisions regarding how construction operations will be conducted.

Contractors differ widely in how they estimate labor costs. Some choose to include all elements of labor expense in a single hourly rate. Others evaluate direct labor cost separately from indirect cost. Some contractors compute regular and overtime labor costs separately, while others combine scheduled overtime with straight time to arrive at an average hourly rate. Some evaluate labor charges using production rates; others use labor unit costs. There are usually good reasons for a contractor to evaluate its labor expense as it does, and there certainly is no single correct method that must be followed. The procedures described in this chapter are commonly used and are reasonably representative of general practice.

Basic to the determination of the labor cost associated with any work category is the production rate. Figure 3.6, in which the labor expense of pouring the abutment concrete on the bridge project is determined, is a good example of a production rate. The figure shows that a placement rate of 8.75 cubic yards of concrete per hour is used as the production rate for the prescribed concrete crew. The direct labor cost to pour the entire 280 cubic yards of abutment concrete is obtained by multiplying the time required to pour the concrete (280 ÷ 8.75 = 32 hours) by the direct hourly wage rate of the entire crew ($284.00), giving a direct labor cost of $9,088. To this must be added indirect labor costs of $3,181, giving a total labor charge of $12,269 to accomplish this particular item of work. The distinction between direct and indirect labor expenses is discussed in Section 3.14.

The most reliable source of labor productivity information is obtained from cost accounting reports compiled from completed projects. Labor cost information is also available from a wide variety of published sources. While information of this type can be very useful at times, it must be emphasized that labor productivity differs from one geographical location to another and varies with season and many other job factors. Properly maintained labor records from recent jobs completed in the locale of the project being estimated reflect, to the maximum extent possible, the effect of local and seasonal conditions.




3.14 Indirect Labor Costs 

Direct labor cost is determined from the workers’ basic wage rates, that is, the hourly rates used for payroll purposes. Indirect labor costs are those expenses that are additions to the basic hourly rates and that are paid by the employer. Indirect labor expense involves various forms of payroll taxes, insurance, and a wide variety of employee fringe benefits. Employer contribution to social security, unemployment insurance, workers’ compensation insurance, and contractor’s public liability and property damage insurance are all based on payrolls. Employers in the construction industry typically provide for various kinds of fringe benefits, such as pension plans, health and welfare funds, employee insurance, paid vacations, and apprenticeship programs. The charge for these benefits customarily is based on direct payroll costs. Premiums for workers’ compensation insurance and most fringe benefits differ considerably from one craft to another.

Indirect labor costs are substantial in amount, often constituting a 35 to 55 percent addition to direct payroll expenses. Exactly when and how indirect labor costs are added into a project estimate is unimportant so long as it is done. For estimating purposes, total labor outlay can be computed in one operation by using hourly labor rates, which include both direct and indirect costs. However, this procedure may not interrelate well with labor cost accounting methods. For this reason, direct and indirect labor charges often are computed separately when job prices are being estimated. One commonly used scheme is to add a percentage allowance for indirect costs to the total direct labor expense, either for the entire project or for each major work category. Because of the appreciable variation in indirect costs from one classification of labor to another, it may be preferable to compute indirect labor costs at the same time that direct labor expense is obtained for a given work type. This is the method followed in Figure 3.6  and Appendices A and B.




3.15 Labor Unit Costs 

Direct labor cost was computed in Section 3.13 for a given work type using hourly crew payroll expense together with the work quantity and appropriate production rate. A widely used alternative to this procedure involves the use of “labor unit costs.” A labor unit cost is the direct labor expense per unit of production of a work type. To illustrate, reference is again made to concrete placing in Figure 3.6. This figure shows that 32 hours of crew time are required to place 280 cubic yards of abutment concrete at a total direct labor outlay of $9,088. Dividing $9,088 by 280 yields $32.46. This value of $32.46 is a labor unit cost; it is the average direct labor charge of pouring 1 cubic yard of abutment concrete. Thus, the direct  labor cost of pouring the abutment concrete could have been computed in Figure 3.6 simply by multiplying the total of 280 cubic yards of abutment concrete by the labor unit expense of $32.46. The same value of $9,088 would have been obtained.

The use of labor unit costs in estimating practice usually is limited to the determination of direct labor expense. Once the direct labor cost is computed for a given work category, the applicable indirect labor cost is determined by multiplying the direct labor expense by the appropriate percentage figure. Labor unit prices are used in Figure 3.6 to compute the direct labor costs of fabricating the abutment forms and for placing and stripping the abutment forms.

When labor unit costs are being used, care must be exercised to see that they are based on the appropriate levels of work productivity and the proper wage rates. Also, estimators must be very circumspect when using labor unit costs that they have not developed themselves. For the same work items, different estimators will include different expenses in their labor unit costs. It is never advisable to use a labor unit cost derived from another source without knowing exactly what categories of expense it does and does not include.




3.16 Equipment Cost Estimating 

Unfortunately, the term “equipment” does not have a unique connotation in the construction industry. A common usage of the word refers to scaffolding, hoists, power shovels, paving machines, and other such items used by contractors to accomplish the work. However, the term “equipment” also is used with reference to various kinds of mechanical and electrical furnishings that become a part of the finished project, such as boilers, escalators, electric motors, and hospital sterilizers. In this text, “equipment” refers only to the contractor’s construction equipage. The term “materials” will be construed to include all items that become a part of the finished structure, including the electrical and mechanical plant.

Equipment costs, like those of labor, are difficult to evaluate and price with precision. Equipment accounts for a substantial proportion of the total construction expense of most engineering projects but is less significant for buildings. When the nature of the work requires major items of equipment, such as earth-moving machines, concrete plants, and truck cranes, detailed studies of the associated costs must be made. Expenses associated with minor equipment items, such as power tools, concrete vibrators, and concrete buggies, are not normally subjected to detailed study. A standard expense allowance for each such item required is included, usually based on the duration it will be required on the job. The cost of small tools, wheelbarrows, water hoses, extension cords, and other such items are  covered by a lump-sum allowance sometimes obtained as a small percentage of the total labor cost of the project.

To estimate the expense of major equipment items as realistically as possible, early management decisions must be made concerning the equipment sizes and types required and the manner in which the necessary units will be provided to the project. A scheme sometimes used when the duration of the construction period will be about equal to the service life of the equipment is to purchase all new or renovated equipment for the project and sell it at the cessation of construction activities. The difference between the purchase price and the estimated salvage value is entered into the job estimate as a lump-sum equipment expenditure.

Equipment often is rented or leased. Rental can be especially advantageous when the job site is far removed geographically from the contractor’s other operations, for satisfying temporary peak demand, or for providing specialized or seldom used equipment. Leasing is a common and widely used means of acquiring construction equipment and may be a desirable alternative to equipment ownership. Leasing can free the contractor’s funds, thus improving its working capital position. Under certain circumstances, lease payments compare favorably with ownership expense. Many leases provide that, at the expiration of the lease period, the contractor will have a purchase option if it has continuing need of the machine and if it is worth the additional payment. Lease agreements for construction equipment normally extend for periods of one year or more, whereas renting is usually of shorter term. Charges associated with the rental or lease of equipment items are figured into the job by applying the lease or rental rates to the time periods that the equipment will be needed on the project.

Where purchase and sale, rental, or lease is involved, equipment operating expenses must also be computed and included in the project estimate. Operating costs include charges such as fuel, oil, grease, filters, repairs and parts, tire replacement and repairs, maintenance labor, and supplies. There is some difference of opinion about whether the wages of equipment operators should be included in the equipment operating cost. Some contractors prefer to regard the labor associated with equipment operation as a labor rather than an equipment cost. Others include the labor as a part of equipment operating expense. Logically, it would seem preferable to treat equipment operating labor like any other labor cost rather than include it with equipment operating expense. For purposes of discussion herein, equipment operators’ wages are treated as a labor cost and are not included as an equipment expense.

When bidding work with rented or leased equipment, contractors have access to equal equipment costs and cannot leverage this often substantial expense as a competitive advantage in pricing the job. This is one of the reasons contractors commonly elect to own their own equipment. Under these circumstances, equipment charges are customarily expressed as the  sum of ownership expense and operating costs. Ownership expenses are those of a fixed nature and include depreciation, interest on investment or financing charges, taxes, insurance, and storage. Operating expenses have been defined previously.




3.17 Equipment Expense 

As described in Section 3.13, direct labor costs are computed from work quantities by combining a labor production rate with the applicable hourly wage scales. Most equipment costs are calculated in much the same fashion except, of course, that equipment production rates and equipment hourly costs must be used. The hourly wage rates of various labor categories are immediately determinable, usually from applicable labor contracts, prescribed prevailing wage rates, or established area practice. This is not true for equipment. Contractors must establish their own equipment hourly rates as well as their equipment production rates. For most items of operating equipment ownership, lease or rental expense is combined with operating costs to form an estimated total charge per operating hour. Power shovels, tractor scrapers, and trenchers are examples of equipment whose expenses are usually expressed in terms of hourly rates.

There are some classes of construction equipment where it is more appropriate to express costs in terms of units other than operating hours. The charge for commercial prefabricated concrete forms might be better spread over an estimated number of reusages. Items such as towers and scaffolding are required at the job site on a continuous basis during particular phases of the work, and operating hours have no significance in such cases. Costs in terms time units, such as calendar months, are more appropriate for such equipment items. The charges for some classes of production equipment are frequently expressed in terms of expense per unit of material produced. Portland cement concrete-mixing plants, asphalt paving plants, and aggregate plants are familiar instances of this. Move-in, erection, dismantling, and move-out expenses, also called mobilization and demobilization costs, are entirely independent of equipment operating time and production and are not, therefore, included in equipment hourly rates. These equipment expenses are separately computed for inclusion in the estimate. Mobilization of the pile driving rig for the highway bridge is an example of this type of equipment cost and is shown in Bid Item No. 4 of Appendices A and B.




3.18 Determination of Equipment Cost Rates 

The determination of cost rates for the equipment items to be used on a project being estimated is an important matter and requires considerable  time and effort. It must be remembered that estimators are always working in the future and that the equipment rates they use in their estimates are their best approximations of what such costs will be when the project actually is being built.

The standard way in which future equipment cost is determined is through the use of historical equipment cost records as contained in a contractor’s equipment accounting system. The source of ownership and operating cost data for a specific piece of equipment is its ledger account. An important part of a contractor’s general accounting system is the equipment accounts where actual ownership and operating expenses are recorded as they are incurred. A separate account often is set up for each major piece of equipment. This account serves to maintain a detailed and cumulative record of the use of, and all expenses chargeable to, that equipment item. All expenditures associated with that piece of equipment, regardless of their nature or the project involved, are charged to that account. These expenses include depreciation, investment costs, operating outlays, repairs, parts, overhauls, and painting. A cumulative record of that equipment item’s usage in the field is also maintained. These data constitute a basic resource for reducing ownership and operating expense to a total equipment cost rate. The sum of ownership and operating expense expressed as a cost per unit of time (operating hour, week, month) often is referred to either as the budget rate or the internal rental rate of an equipment item. This latter term refers to the usual construction accounting practice where equipment time on the project during construction is charged against the job at that rate. The term “internal rental rate” indicates that profit and company overhead are excluded and must therefore be added to the project estimate.

The preceding discussion assumes that equipment accounting is done on an individual machine basis. However, contractors vary somewhat in how they maintain their equipment accounts, some preferring to keep equipment costs by categories of equipment rather than by individual units. These firms use a single account for all equipment items of a given size and type and compute an average budget rate based on the composite experience with all of the units included. Thus, the same expense rate is applied for any unit of a given equipment type regardless of differences in age or condition. Because the actual costs and productivity of individual units can vary substantially, working with individual equipment items would seem to have merit and is the basis for the discussions herein.

There are many external sources of information concerning ownership and operating costs of a wide range of construction equipment. Manufacturers, equipment dealers, and a large assortment of publications offer such data. It must be realized, however, that these are typical or average figures and that they must be adjusted to reflect contractor experience and methods and to accommodate the specific circumstances of the project  being estimated. Climate, altitude, weather, job location and conditions, operator skill, field supervision, and other factors can and do have a profound influence on equipment expense. When a new piece of equipment is procured for which there is no cost history, equipment expense must be estimated using available sources of reliable information.

In the case of the highway bridge, reference to Figure 3.6 shows the budget rate for the 50-ton crane to be $105 per operating hour. This does not include the wages of the operator, the expense of which is included in labor cost.




3.19 Equipment Production Rates 

In addition to equipment cost, equipment production rates also are often needed for the computation of equipment expense in a construction estimate. Paralleling the case of labor, applying equipment hourly expenses and production rates to job quantities enables the estimator to compute total equipment charges for the project. Equipment unit costs also can be determined. These are equipment costs per unit of production. Equipment production rates, like those of labor, are subject to considerable variation and are influenced by a host of job-site conditions. In addition, some equipment production rates must be computed using specific job conditions, such as haul distances, grades, and rolling resistance. Estimators must consider and evaluate these factors when they are pricing a new project.

There are several sources of equipment production information. Probably the most reliable are cost accounting records from past projects. Advice from the equipment operators themselves can be very useful at times. If a new piece of equipment is involved with which there has been no prior experience, production information provided by the equipment manufacturer or dealer can be of assistance. There are many rules of thumb and many published sources of information concerning average equipment production rates. Stopwatch spot checks made to obtain the productivity of specific equipment items on past projects can be of value. In this regard, it should be mentioned that production rates of labor and equipment used for estimating purposes should be average figures taken over a period of time. Daily job production tends to be variable, and this is a hazard when using spot checks. Job cost accounting records produce good time average values while a spot check may unknowingly catch production at a high or low point.

Several equipment production rates are needed for pricing the highway bridge. One such instance is the time rate at which the steel pilings can be driven. Reference to Bid Item No. 4 of Appendix A shows that past company experience indicates a probable driving rate of 70 lineal feet per hour. The hourly equipment expense for the crane, air compressor, pile hammer,  and leads totals $179.00 per hour. Using a total project pile footage of 2,240 lineal feet, the production rate and hourly equipment expense is used to compute a total equipment cost of $5,728. Equipment unit costs are computed used just like those of labor. Using pile driving as an example, dividing the hourly equipment rate of $179.00 by the production rate of 70 lineal feet per hour yields an equipment unit cost of $2.56, which is the equipment charge per lineal foot of pile driven.




3.20 Bids from Subcontractor 

If the prime contractor intends to subcontract portions of the project to specialty contractors, the compilation and analysis of subcontractor bids is an important aspect of making up the final project estimate. Bids from subcontractors sometimes contain qualifications or stipulate that the general contractor is to be responsible for providing the subcontractor with certain job-site services, such as hoisting, electricity and water, storage facilities for materials, and many others. Before estimators can identify the low subcontractor bid (subbid) for any particular item of work, they must analyze each bid received to determine exactly what each such proposal includes and does not include. The checking of subbids can be a considerable chore when substantial portions of the project are to be sublet.

On the highway bridge, the general contractor has made an advance decision that the painting will be subcontracted. Painting is a specialty area for which the general contractor is ill equipped and has had no past field experience. When such a decision is made, the contractor does not compile the cost of doing the work with its own forces. Rather, the lowest subcontract bid received from a responsible subcontractor will be included with the contractor’s other expenses. The lowest acceptable painting subcontract bid received was $8,550 and will cover all such services as required by the project drawings and specifications. This is shown by Bid Item No. 12 of Appendices A and B.

The advance decision to subcontract the painting does not necessarily mean that the general contractor will perform all of the other work with its own forces. Other specialty areas of the bridge also may be subcontracted, depending on a number of circumstances. In this regard, the contractor may specifically request subbids from selected subcontractors, or it may merely await receipt of such bids that subcontractors voluntarily submit. In any event, the contractor must compile its own cost of doing the work involved and normally will be interested only in those subbids whose amounts are less than its own estimated direct cost.

When the general contractor receives a subbid whose amount is less than its own estimated direct outlay for doing the same work, it cannot accept such a subbid until consideration is given to several factors. Has  the contractor had past experience with that subcontractor, and can it be expected to carry out its work properly? Does the subcontractor have a history of reliability and financial stability? Is the subcontractor experienced and equipped to do the type of work involved? Does the company have a good safety record? The general contractor must remember that it is completely responsible by contract with the owner for all subcontracted work as well as that performed by its own forces.

In compiling its bid for the bridge, the prime contractor received a subbid for Bid Item No. 8, Steel, reinforcing. Subcontract bids for reinforcing steel often include only the cost of labor. However, in this case the subbid includes the prices of all materials and labor. The general contractor estimated its own direct expense of providing and placing reinforcing steel for the bridge to be $81,045, as shown in Bid Item No. 8a of Appendices A and B. The subbid received for the same items was for $66,240, low enough to merit serious consideration. The general contractor has worked with this subcontractor before and found the company to be honest, reliable, safe, and of good reputation. It is a complete bid and does not require the general contractor to provide the subcontractor with specific job-site services. The use of this subbid by the general contractor rather than its own estimated direct cost will reduce the contractor’s bid by a significant amount. Consequently, the prime contractor decides to use the reinforcing steel subbid in the final compilation of its proposal to the owner, as illustrated by Bid Item 8b of Appendices A and B. At this point, it should be noted that the bid item summary sheets have now been completed. From the price information contained in these summary sheets, the contractor will prepare its working project budget (see Section 3.26) if it becomes the successful bidder. At the moment, however, the estimating process must continue in order to obtain the necessary 12 bid unit prices.




3.21 Project Overhead 

Overhead or indirect expenses are outlays that are incurred in achieving project completion but that do not apply directly to any specific work item. Two kinds of overhead pertain to a contractor’s operations: project overhead and office overhead, which is discussed in the next section. Project overhead, also referred to as job overhead or field overhead, pertains to indirect field expenses that are chargeable directly to the project. Some contractors figure their job overhead outlay as a percentage of the total direct job cost; common values for the job overhead allowance range from 5 to 15 percent or more.

The use of percentages when computing field overhead is not generally considered to be good estimating practice because different projects can and do have widely varying job overhead requirements. The only reliable  way to arrive at an accurate estimate of project overhead is to make a detailed analysis of the particular demands of that project. It is standard estimating procedure to list and price each item of indirect expense on a separate overhead sheet. Figure 3.7 is the project overhead sheet for the bridge project cost estimate. The job overhead amount of $69,868.40 was compiled using an estimated project duration of 15 weeks (from Section 3.9).

Figure 3.7

Highway bridge, overhead estimate

[image: 011]




3.22 Home Office Overhead 

Home office overhead includes general company expenses such as office rent, office insurance, heat, electricity, office supplies, furniture, telephone, legal costs, donations, advertising, office travel, association dues, and office salaries. The total of this overhead expense usually ranges from 2 to 8 percent of a contractor’s annual business volume. An allowance for such indirect expense must be included in the cost estimate of each new project.

Home office overhead is made up of charges that are incurred in support of the overall company construction program and that cannot be charged to any specific project. For this reason, home office overhead is normally included in the job estimate as a percentage of the total estimated project expense. The allowance for office overhead can be added as a separate line item in the cost estimate, or a suitable “markup” percentage can be applied, or a fee can be established that includes both home office overhead and profit.




3.23 Markup 

On competitively bid projects, markup or margin is added at the close of the estimating process and is an allowance for profit plus possibly other items, such as office overhead and contingency. Regarding contingency as a separate component of markup is a matter of management philosophy. The profit included in a job bid represents the minimum acceptable return on the contractor’s investment. Return on investment is a function of risk, and greater risk calls for a greater profit allowance in the proposal. Whether recognition of risk is in the form of a higher profit percentage or the inclusion of a contingency allowance seems to be a matter of personal preference.

Markup, which may vary from 5 percent to more than 20 percent of the estimated project cost, represents the contractor’s considered appraisal of a whole series of imponderables that may influence its chances of being the low bidder and of its making a reasonable profit if it is. Many factors must be considered in deciding a markup figure, and each can have an influence on the figure chosen. The size of the project and its complexity, its location, provisions of the contract documents, the contractor’s evaluation of the risks and difficulties inherent in the work, the competition, the contractor’s desire for the work, the identity of the owner and/or the architect-engineer, and other intangibles can have a bearing on how a contractor marks up a particular job.

The contractor is required to bid under a form of contract that has been specifically written to protect the owner. In an attempt to afford the owner, and often the architect-engineer, protection against liabilities  and claims that may arise from the construction process, the drafters of contract documents often incorporate a great deal of boilerplate, including disclaimers of one sort or another. The writers of contract documents sometimes force the contractor to assume liability for all conceivable contingencies, some of which are not subject to its control and which are not rightfully its responsibility. For example, some contracts may include provisions that absolve the owner from all claims for damages arising from project delay, even those caused through its own fault or negligence. Contractors frequently are made to assume full responsibility for any and all unknown physical conditions, including subterranean, that may be found at the construction site. It suffices to say that the markup figure selected must take into account the risks created by such contract provisions.

By adding the markup to the project cost, the estimator develops the project price or the bid price. This is the price that will be submitted to the owner in an effort to win the contract. When competitively bidding for projects, often it is useful to calculate project cost and project price individually and then determine whether the difference is adequate to cover the markup considerations already discussed. Project price is frequently determined by looking at current market conditions, such as the state of the local economy, the workload and backlog of competing contractors, the value of similar contracts awarded in recent months, and the number of bidders on the bid list. Using this method, the estimator is better able to determine the value of the service being provided, rather than the cost, and make the appropriate adjustments to the bid.




3.24 Contract Bonds 

Many construction contracts, especially those involving public owners, require that the prime contractor provide the owner with a specified form of financial protection against contractor default. Two forms of surety bonds, called contract bonds, are used for this purpose. A contract bond is an agreement, the terms of which provide that a surety company will carry out the contractor’s obligations to the owner if the contractor itself fails to do so. A surety is a party that assumes the legal liability for the debt, default, or failure in duty of another.

By the terms of its contract with the owner, the contractor accepts two principal responsibilities: to perform the objective of the contract and to pay all expenses associated with the work. Where contract bonds are called for, the general contractor is required to provide the owner with a performance bond and a labor and material payment bond. By the terms of these two bonds, the surety guarantees the owner that the work will be completed in accordance with the contract and that all construction costs will be paid should the contractor not perform as promised.

 Figure 3.8

Highway bridge, recap sheet

[image: 012]

When the bidding documents provide that the successful contractor shall furnish the owner with performance and payment bonds, as is the case with the Example Project, the contractor must purchase these bonds if it is awarded the contract. The contractor obtains these bonds from the surety company with which it customarily does business. Sureties are large corporate firms that specialize in furnishing many forms of surety bonds, including contract bonds for contractors. The premium charge for these bonds is substantial and varies with the type of work involved and the contract amount. This cost is paid by the contractor and must be included in the price estimate of the project. Because the bond outlay is based on the total contract amount, it is normally the last item of expense to be added into the project estimates, as shown in Figure 3.8.




3.25 Recap Sheet 

To calculate the needed bid unit prices, all costs associated with the highway bridge are now brought together in summary form on a recapitulation or recap sheet. Figure 3.8 is the recap sheet for the highway bridge. The expenses of labor, equipment, material, and subcontracts have been entered on the recap sheet from the summary sheets in Figure 3.6 and Appendix A.

On the recap sheet, the direct cost of the entire quantity of each bid item is obtained as the sum of its labor, equipment, material, and subcontract expenses. The sum of all such bid-item direct costs gives the estimated total direct cost of the entire project ($398,975). To this are added the job overhead, small tools, tax, markup, and the premium charge for the performance and payment surety bonds, giving the total price of $566,516. In Figure 3.8, the 15 percent markup includes an allowance for office overhead. Dividing the total project bid by the total direct project cost gives a factor of 1.4199. By multiplying the total direct cost of each bid item by this factor, the total amount of that bid item is obtained. Dividing the total bid cost of each bid item by its quantity gives the bid unit price. Bid unit prices customarily are rounded off to even figures.

The unit prices just computed have been obtained on the basis that each bid item includes its own direct cost plus its pro rata share of the project overhead, small tools, tax, markup, and bond. If these unit prices are now entered without change onto the bid form, this is called a balanced bid. For several reasons, a contractor may raise the prices on certain bid items and decrease the prices on others proportionately so that the bid amount for the total job remains unaffected. This is called an unbalanced bid. It is assumed here that the contractor will submit a balanced bid. Likewise, the unit prices determined in Figure 3.8 are now entered in column 5 of  Figure 3.9, the unit-price schedule of the bid form. The total estimated  amounts in column 6 of Figure 3.9 are obtained by multiplying the unit prices just entered (column 5) by the estimated quantities (column 4). Because of the rounding off of unit prices, the project bid total is slightly different on the unit-price schedule of the bid form ($566,483.90),  Figure 3.9, from what it is on the recap sheet ($566,516), Figure 3.8.

When unit-price proposals are submitted to the owner, the low bidder is determined on the basis of the total estimated amount. Consequently, for contract award purposes, the amount of $566,483.90 in Figure 3.9 is treated just as a lump-sum bid. In cases of error in multiplication or addition by the contractor in obtaining the estimated amounts in column 6 of  Figure 3.9, it is usual for the unit prices to control and the corrected total sum to govern.

Figure 3.9

Highway bridge, completed bid form
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3.26 Project Budget 

Assuming that our contractor is the successful bidder, it must now restructure its estimate into a more suitable format for subsequent cost control of the actual construction work. This involves the preparation of the control budget or the project budget, which is the detailed schedule of expenses that the project manager will use for cost control purposes during the construction phase. Figure 3.10 is the control budget for the highway bridge project. The work quantities and prices contained in this figure have been extracted from the bid-item summary sheets previously discussed and presented. When project cost accounting is discussed in Chapter 10, the actual construction expenses of the highway bridge are compared with the programmed costs contained in the project budget, Figure 3.10. As is discussed in Chapter 10, unit prices are especially useful for making quick and meaningful comparisons of actual and budgeted expense for both labor and equipment. Unit costs of materials are not especially significant except for estimating purposes and are not shown in Figure 3.10.

 Figure 3.10

Highway bridge, project budget
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Work Guantities.

Cost
Godo WoikType unit_| quantiy
Sitawork
5222010 | Excavation, unclassifed o 1,667
3222210 | Excavation, suctural o 120
5222610 | Backfl, compacted o 340
3135000 | Pilechiving rig, mobilzation & demobilzation i ob
3136110 | Piling, steel, diving [ 2240
Concroto
03150.10 | Footing forms, fabricate. st 360
0315020 | Abumentforms, prefabiicate st 1810
03167.10 | Footing forms, placo. st 70
03169.10 | Footing forms, stip. st 720
0315720 | Abutmontforms, place st 3620
0315920 [ Abutmont forms, stip s 3620
0315730 | Dock forms, place st 1,800
0316930 | Dock forms, stip st 1,800
0320000 | Stoel,reiforcing, place ® 90000
0325130 | Concrete, deck, saw jonts [ 60
03311.10|  Concrete, footings, place. o 120
0331120 | Concreto, abutments, placo o 280
0331130 | Goncrete, deck, place & screed 5 200
03345.30 [ Concrete, deck, inish st 1,800
0334620 | Concrete, abutments, b st 1,960
0337020 Concrete, abutments, curing st 3820
0337030 | Goncrete, deck, curing st 1,800
Hatals
0512000 Stoel, sructural, placo ® 665,500
0852000 | Guardral [ 120)
0561200 | Boaring plates. Iy 3200
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Revised Quantities for Footing #1

Footings forms 720 8¢
Concrete 120 ¢y

Reinforcing steel  3,0001b

Revised Quantities for Footing #2
Footings forms (revised from fig #1)
Concrete
Reinforcing stecl

Revised Activity Durations

Forms and stel footing #1
Forms and steel footing #2
Driving piles abutment #2

72056
120 ¢y
3,0001b (extra)

3 days
days
2 days
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[ [——
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s i prope location.

3 ek al measurements and oerances

0 Bulkheads are secure
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[a
o
I Provsions de o, ot ol weter e

[m]

O tnspectors notified of pour

mish and cur exposed sufaces

ar acces for delivery of concre

O3 esting equipmentis available






OEBPS/sear_9781118000243_oeb_106_r1.gif
¢ [
Expansion Fixed
bearing Bearing

< 60%0" (18288 mm) c.c. bearings —————— |

| Present

1l N\ ground surface Pt
2812 54 steel H piles, .
‘each 40 t(12192 mm) long






OEBPS/sear_9781118000243_oeb_140_r1.gif
soquerdos. by, Anr oune.
F " T 1 11 1 11 1717171171

o o e " @ o o e s e o o I w @ o o o B 3 « L3 £ " z 3 o o " @ o ® B v 2 o

® = o
& @& SiopID S anondde ¥ oG O

4 o

P
R T 0

o

oo
o

woq

T ¥ T o § o]
0





OEBPS/sear_9781118000243_oeb_010_r1.gif
SOVSIS [arsoss [wVES 570N e pia 1991
I oy
s [ T mw %
s oz = seemmn
osss wes [mes mes = ooms x
wosou 1 s s = Bund|
10001 s |ozge _|weusnae msmuog) ozoseso
T N S T = P TN
Ses [sues
ssrss sois [aaess
wosu 1 s g = owuornd E
uouinge ‘oo oz or650
[ TS
wozzs [ohts
s srass
sszais oy
ooul
wousnae oomuoo)| oz eo






OEBPS/sear_9781118000243_oeb_027_r1.gif
Finish to Start

w[wo]a a[wo]a [l W[
Place Pour wall Pourwall | '2939ays | strip wall
‘wall forms | concrete 2 concrete. > forms.
ERG o[ 2]+ EHRG ERE
santostan
o
B EEE CEaE GEDE
e
o o | [Srpva [Ty
it ol e s
ERIE EEIE o[ 2= e
JE—
T
D GEIE EIRE ] o]
e
o o Fee | || [ e Carpios
4 o o e
NI 2 = o[ B
Sarto P pa—
lag 2 days. lag (~1) day
LEID OEIE IEDE] o[ 1020
oo prconat | | o | [ Pcowar ol
Sesan o o p
ORI s e A= ERE
ey






OEBPS/sear_9781118000243_oeb_079_r1.gif
Zovvs o5 | e eoes. ToN e pra o]
Cm—
Tovrs [0 [ e [sess | mvoes |wemsmmeL
S s
soses s [evozs
fo liost
T T T oo
woudinbs [ 565 e

PRSI oI T N WP






OEBPS/sear_9781118000243_oeb_056_r1.gif
Network Updte Information 2 of Jaly 21 (vorking day 27
“Add actviy 65, Fabricate & o

“Anticipaied Qelivery date of deck robr s August 0 (working
day 40). Actviy 63 requires 40 - 27 = 13 working days o
complete.

“The estimated time 1o complete activity 140 s 2 working days. Driing.
rate i very slow due to boulders and tghtly packed sravel

“Anticipaied delivery dae or the irders s August 1 (working
day 37). Actvity 260 requines 37 - 27 = 10 working days to
complete.

“The estimted time 1 accomplish sctivity 330, Deck forms &
rebar.has been revised upwardfrom 410 6 working days.

A 25 crane was brought in and used o place the forms and rebar
in activity 180, Thisremoved the dependency between aciviy 160
and 180, dependency was establihed between activity 160 and 240,
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Unit Price Schedule

Tem Estimated Unit Estimated
No. Description unit ‘Quantity Price “Amount
0] ol 2] o] 18]
1 [Evcavaton, unciassited o 787 A
2 |Excavation, stuctural o 120 ss072|  se088.40
5 [Backfil compacted o 340) si777|  se0atso
4 |Piing, steel [ 2240) se6.46 | 14887040
5 |Concrete, footings o 120 s1s62 | $23474.40
6 |Concrote, abutments o 280) $38087 |  $106,64360
7 |Concrete, deck siab, 101n. F 200) 515308 [ $30,608.00
8 |[Steel, rinforcing b 90,000 $1045|  $94,050.00
o |Steel strcural b 65,500 s1725|  s12987.50
10 [Bearing pates b 3200 s249|  $796800
11 |Guardrail ] 120 9359 $1123080
12 |paint s jobl _$1214039|  $12:14039

Tolal Estimated Amount =

$566.485.90






OEBPS/sear_9781118000243_oeb_145_r1.gif
suse vz

e e,

s s s s

ey onor
. 2

<

2 o
o s

e

T
oo anty

pousuy swoumnay

o O e
e

gr=

seaz wenz sane

A Gy Oy

s oy e PS03

ey

.
o e woes

T o
Sm s

Sy o
Eer
s

EZETT

s
T
Rzt oA
o
TR R
3 o 5 ook 3 g
o .
— (o) -
o oo

Jowep ¥ SRt e

e ¥






OEBPS/sear_9781118000243_oeb_053_r1.gif
e — ST s ns
o/ | |olojo) 3 P
L0 [poppagon 084 | b4 eutnge e g suig
o/ | |olojolo) el o ot Soeoy o
o/ | |ojojojojal | o)
o/ | ol
[
ojofo
ojolo
EHHEE
ojolo
HEREE
ofolo
HEAE
lolal | lof
HHA
jojol | |olo
ONENER
ojojo] | | o
HHFR
ololo
AHENEER
o/ | [ojololala] | |olofolof
OOERER
ojog|
& G I e e S P
= g oo
— T
T wo

Heyg sseiBoid uoponuisuoy






OEBPS/sear_9781118000243_oeb_099_r1.gif
o108 [orves [oses [oers [o0eTs
ires oS
osss osss
s s [oozis
w lszy poos 3 ooue|
“u lior o0 0000 14650
TorEs o5 o [ fwevs [umeseswmeL
o 3 W = it
ooseis = 00sois & 1
ons os  [ous
s s [oseis
aus
wu lior s o0 o¢ 65150
T o 2 T S M LT
o6w1S [ oses
s s
s us  foas
05 sois (oS
o]
o1 ‘s ool os 15150
o[ eRg | e[ e | porg T
mor | miomn_fuowdnbal— o5 oaw 505
S5 w3 O G D SR TN WP SR oo

s asuung.






OEBPS/sear_9781118000243_oeb_110_r1.gif
Project Ovarhead Estimate

Hiob: Highway Biidge Estmator: GAS|
(Overhoad e [Calculations. Aumount Tois
Projoct manager $5500 x 35 mo x 05 me - | 5962500
Projoct suporintendent 55000 ¥ 35 mo = $17.50000
Utites.
Elocticiy 5225 1 mo
Telophone S0 1 mo
Fax 5100/ mo
S675 1 mo x 35 mo = 206250
iy instalaion chargos | ob) 5152000
Facitos
Job oice 530 1 mo
200 olshads | 600 / mo
Tollt 125/ mo
SL076 [ mo x 35 mo. sare2s0
Tave oxporse S22 1wk x 15wk 55.180.00
[Watortank & wator sorvice | $80 1wk x 15wk = 5120000
/Soil & concreto testing | $800 / mo x 35 mo 5210000
Iscattolding $480 /mo x 1 mo $480.00
(Tash romoval 5190 1 mo x 35 mo = 5665.00
[T topair 5100/ mo x 35 mo 536000
Protogaphs $1% 1 mo x 35 mo = 455,00
(Computer 140/ mo_x 35 mo 490,00
Sublotalofime variable overhoad xponsos = | $43,690.00
[Sunveys (iob) 160,00
Projectinsurance (job) 116400
Fistaid (iob) 522000
isign (fob) 557000
[Reproductions (iob) 40000
Fonco 858 1 mox 207 m = $1.360.00
IMove In Sos calculations, Appendix A 1415520
(Clean Up. S00 calculations, Appendix A 5670020
‘Subtotal ofimo constant overhoad exponses = | __26.178.40
Total project overhead = | $69,868.40
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WILEY
John Wiley & Sons, Inc.
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(Bold typo donotos critical actvities) | Number | Daye) AM P
[Propare & approve SD, abutmont & dock rebar o [0 [wmeid [wnezs
[Proparo & approvo SI feoting obar 2 5 Junota [iune-18
(Order & daver pis 0 | 15 e a2
IMove in s 5 funets [ine-16
[Proparo & approve D, giders so | 10 funera [iune 25
Prefabricte sbument frms o 3 funerr [ e 21
[Excavato abument #1 % 3 fwnerr e 21
[Mobiizo i drving iy 100 2 funotr [ine 18
[Fabicato & dolvr foaing tebar 70 7 fune2t Liune 20
[Excavato sbumont #2 20 2 ez fiune 23
[Fabricate & daliver abutment & dack rebar 0 [ 15 Jduneas [duy1
[Fabiicalo & dolvor gdors 20 | 25 [wne2s |aucust:2
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e pos, abutmont 22 40 3 fuyo .13
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[Dematitzo pio-iving i 160 1 Py Lay-14
Stip footng #1 170 1 iy faty-14
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[Pourtootng 13 20 1 fuye Lioy-10
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[Forms & robar, abutmont +2 20 | 4 fmugustz  [augusts
[Fub concrto, abatment #1 20 3 fwgwz  faugusa
lBacki atutmert #1 20 3 faugustz  faugusita
[Pour abutmont 12 250 2 [aousts  [hugusts
[Srp & curo, abutment ¢2 20 3 faugustro  [hugustrz
[ concrte,sbutment 22 00 5 Jrugustis  Jugusrs
[Backil st 42 30 3 Jrugustis  [Rugust 17
[Sotgirdors 320 2 [august1s  [hugustts
IDock forms & rabar 30 [ 4 |august17  [augustzo
[Pour & cure deck 40 3 [hugust2s  [nugustas
[trp dock. s0 3 |agustzs  [nugust3o
[sawjoits 300 1 megusos faugusize
lGuardrate 30 3 [auguear  [Septenberz
lPaint a7 5 [augustst
(Cloanup %0 3 [septombora
[Finalinspaction 400 1 [soptombor.ts
[contingency 410 | 6 [soptomborts






OEBPS/sear_9781118000243_oeb_111_r1.gif
1PUNoI 01 o 5 o161 Uy SIS ) o3 AYBHS OBuELp SanfeA “eioN

P ooford 1)
“spuog|
st dnpep| s ases
el = pisosss =sowes
e el

(w10 %) sioo e

peouono aor|
06LvS [ 0625025 e
worzis os5es | 08 o5 ) e
901088 o5 oaares 3 w "
6vss os oszes ev6is, 61 or
vones os a9ess ozzvs By 6
voezs orzoes | os o5 ] s
weats o5 oz0es srrus (o0 au | wrot qus ywop seiouo) L
svess os 1506 ssysss [viz o ‘Sueunge ‘aieiou0d 9
Sw552S os sarzis 1o0es (2 u S6uo0) ‘00| S
sosizs os jreeny o6e'1zs (a9 w oo Bua
eoees os 05 teses (002 P poroeduos v ©
0 os o5 1erss (o8 o fenonts wonenox3| 2
105s os o5 ooses_|sszt o | poysseoun vonereoxs| 1
Wi el o5 05 | Ameno | wrpi| o
wenoans | _eusreny | wowdnba | 10051 _| pereunsy we
[Sv owues i RemiBiH a0

0z 52 dy ‘w0 P
100us deooly






OEBPS/sear_9781118000243_oeb_048_r1.gif
Working D

Exipnenton [T 75 T35 75 0 N p RN AR I B RO B A A Em T a0 S
[Dozer I

[Backhoo. o

150-40n crane IEERE vl v
[25-ton hydrautc caanaf 1 11 11 I

IPhohammer IERREIN

[Compresor IRERRIN

[Flatbed ruck saa I

lLowboy 1 I

[Front end oadr

[Concroe saw

ST R A TR TR LN I NN A N R PR R R R TR AR )
Juna. Ty






OEBPS/sear_9781118000243_oeb_073_r1.gif
6508 = sk 01 yy5 298

Socvrs

oy
spoon s
(onysuos oun) pestponc qor

[Erovevs

lzievers

Lizsizs

s

eorais

es

a
syipiEng
o0p dins.

24 wounnqe seqo: 3 suiioy

b ounnge oo ¢ dias

cofN-oengooolontonon ol

sopd st 3 1910

oraseg

onui)






OEBPS/sear_9781118000243_oeb_054_r1.gif
Weskly Progress Feport

[Projoct gy oo Wookending  Wod. 21-Ju (Working day 27)
luob o, 200808 Propasody s
ity oate ate Parcent | Woring days
Actvy Numbr Strod | Gomplted | _Gompieto | to Comple
[Fabricate & daver sbutment rbar ) - 150 00 o
Fabricate & dlver deck rabar & - - - P
[rive pes, abutment #2 o 2o - % 2
[ foatng 1 170 15 150 100 o
[Forms & rbar,abument #1 180 ™ 2t 100 o
[Fabicat & dotver girers 20 - - - 0






OEBPS/sear_9781118000243_oeb_096_r1.gif
s 995 50N werr pia el
0TS [v55
e B [ooris [mERaOL
s
ason %
se0s s
= s [ozs
oo
stuno0 ‘w2500 01 11550
T S S
o5 os e
s
“sio umooaf 1 65150
o[ [o5 [oes [ooms [wnov s
o5 w0z
e o6
s s [omes
wed mss = wodwnioq| aou
oawn| zu fio “suio oo o1 19150
7 S S S S 1
s [ o
osowvs 05
as  [oms
otowes 05
o8 i [oess -
wad s5zs = oawn o oo
soaen| 2w loves | swo Bvosforosiso)
T e R o e
ol muoion_fuowdiea 505 B 505
o Towwra S S0 S O WP TG O

133Hs AuvIANS






OEBPS/sear_9781118000243_oeb_130_r1.gif
4 “kousnbey sgeining

vt
2
ot
w01
501
ot
wt
o0t
w50
950
o
20
[ oco

Actual project cost
Estimated project cost






OEBPS/sear_9781118000243_oeb_119_r1.gif





OEBPS/sear_9781118000243_oeb_006_r1.gif
Unit Price Schedule

Torm Estimated Urit Estmated
No. Desciption unit Quanity Price ‘Amount
o el © “ C] [C]

T [Excavation, unclassied o 7857

2 |Excavation, structural o 120

3 |Backiil, compacted o 340

4 |Ping,steel [ 2240

5 |Concrete, footings o 120

6 |Concrate, abutments o 280

7 |Concrete, deck sab, 101n. s 200

8 [Steel, minforcing b 20000

o |steel, stuctural b 65,500

10 [Bearing pates b 3200

11 |Guardrai it 120

12 |paint s iob

Total Estimated Amount =
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. Time Feducton | Direct Gostof
Expediing Acto (Working days) | _Expeditng
%
[Profabricate two sats of bumen forms. & 85575
Start placing Forms & rabar, abut #2 (ogic
acuty 240) directy ater S fot #2 change)
(actvity 230)
Gompuatins
(One set of forms s estmated(Figure 3.6)
Caber ss144
Misteral s
[Two sets o forms 727
Miatorial
Plyform: 105 waste, 1 use, 70% savage
3620 (1.10)$1 05)( 30)= st2ss
Lumber. 144 bf por st 1 use, 70% salvage
3620 (1.44)50.85).30)= BES
JLabor
3620 (51.98) + 45% iniect= 10288
Sizer2
(Cost of expediing=s12,872-57 29785575
5
Steelfabricatr agrees to work overtme 4 2.7
Jand gve abutment rebar specil handing. (quoted by
[Delve abut & deck rebar (actiy 60) ratar vandor)
recucad from 15 t 11 cays.
3
[Expecite Pour abutment #1(actuity 200) ' sz
oy bringing in an additonal rane,hiing
o more laborers, and working the concrete
crow?2 hours overime. Duration recuced
rom 2 days to 1 day:
‘Gompuatons’
[Pour abutmant #1 as estmated (Figure 3.6)
abo 2200 s
Eaupment  $3.7442= 1572
Expedtod Pour sbutment 41 (10houws) S0
Labor
oW $284x10¢1.35= sses
[Extra laborers and operator
($44:535p10x1 50 s1001
(Overtme premium (28455772 5x1 35 Saa7
[Equipment
(Gostl two cranss. et 2500
Exa crane, inand out Seos
(Costot expoditng=58.427-so 0085322 >
Expotts Pour sbutment 12 actty 250) in 1 sz
the same way as abuiment 4.
3
s202
[Expecite Stip deck forms (acvty 350) 1 (notshownt

oy hiring two more laborers. Duration recuced
from 3 days to 2 days.

similar o previous
calculations
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Project Highway Bridge

Periodic Payment No. 2 for Period

Payment Request

July 1-July 31

Ttom Unit
No. Description Quanity unit Prce Amount
T [Excavation, unclassified Teer| o 5383 | $6.88461
2 [Excavation, stuctural 20 oy s5072 | $6,086.40
3 [Backil, compacted of o s17.77 5000
4 [Piing, stee! 2200 $66.46 | $148,870.40
5 [Concrete, footings 20 oy $195.62| $23474.40
6 [Concrete, abutments ol oy 538087 | $5332180
7 [Concrete, deck siab, 10in| of s $15308 $0.00
& [steel, reinforcing 7150 b $1.045 | $59721.75
9 [steel, stuctural of b $1.725 5000
10 [Bearing plates of b s249 5000
11 [Quardrail of $93.59 000
12_[paint of s $12.140.39 000
Construction perfomed to date 29785936
Materials stored on site (schedue attached) 000
Total work performed and materials stored ~$297,859.38
Less 10% retention 520785 04
Net work performed and materials sored 526807302
Less amountof previous payments. $1,441.00
Balance dus this payment 26663242
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Project Overhead E:

lob: Highway Brcge Estmator: GAS
(Overhead fom Calcuatons mount Tolas
Project manager 550 x 95 mo x 05 tme = 5962500
Projoct superintendent $500 x 35 mo = $17.50000
Utites
Electrcty s25 1 mo
Telephone s350 1 mo
Fax S0/ mo
675 1 mo x 35 mo = 236250
ltity nstaaton charges (iob) s152000
Faciites
Job ofice s 1 mo
2¢a.too sheds $600 1 mo
Tailet s125 1 mo
s1075 x 35 mo ss70250
[Travel expense S22 7wk x 15wk 5518000
[Water tank & water senvice S0/ owk x 15wk $120000
/S0i & concrato testing $600 /mo x 35 mo = 5210000
Scatildng s /mo x 1 mo $46000
[Trash remval $190 1 mo x 35 mo $665.00
i repair $100 1 mo x 35 mo = $35000
Photographs S0/ mo x 35 mo = $45500
|Computer S0/ mo x 35 mo = $490.00
‘Subtoal of tme variabl overhead expenses = | $45,650.00
[Surveys ) $1600.00
Project nsurance (io0) $1184.00
Firstaid (o) $22000
Sign iob) $570.00
Reproducions o) $40000
Fence 5200 / f x &0 f = $1.36000
Move In See calculatons, Appendix A $14.155.20
|Glean Up See caluiations, Appendix A $6.70920
‘Subtotal oftime constart overhead expense 217840
Tota project overhead = | $69,868.40
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Key-Date Schedule

Project Highviay Bridge Project No. 200808-05
Scheduled Requied Actual
No. | Operation Start_| Fnish | Stant | Finish | Stan | Finish
1| Procurement [dun-14_|Jun-19 [ Jun-14 [Jun-to
2| Field moblization & site work_|Jun25 | Jul-14__|Jun30 _|Jul-19
3| Pl foundations. e |ai2o |auto oo
4_| Concrete abutments. 20 [Aug17_Jauzo |augao0
5 |Deck [Aug13|Aug:30 |Aug-13 |Sep7
6| Finishing operations [Augs1_[Sep-13_|Aug:31_|Sep-1s.
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Revised Quantities for Footing #2
Footings forms 720 sf
Concrete 120 ¢y
Reinforcing steel  3,0001b (extra)

Revised Activity Durations
Forms and steel footing #2 3 days
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