CONTROL OF PROJECT TIME IN BUILDING CONSTRUCTION

ABSTRACT

Everyday life on bridge construction sites is commonly characterized by enormous pressure due to time and costs as well as difficult logistic requirements. Modern process simulation tools can be applied with increasing success. Projects are often affected by unscheduled constraints and limitations, that give reason to deviate from the formerly optimized plan, and to find ad-hoc solutions, especially in the erection phase.

In order to meet these requirements, simulation tools in the erection phase with a more specific database are needed. An approach based on accurate day-to-day data for the current project state at any time is needed. These data then facilitate the simulation of possible variations for ongoing optimization. At first, it is necessary to determine, which choice of data is significant and actually needed for evaluating the day-to-day status in bridge construction progress. Secondly, the required data must be captured as efficiently as possible during the ongoing working activities.

CHAPTER ONE

1.0
INTRODUCTION

The construction industry has evolved into an ever more intricate web of linkages between ever more rapid processes, choices, and actions. On the other hand, there is a movement in the direction of more sustainable practices (Boussabain, 2022).

A construction project, like any other project, consists of many phases of development that are distinct from one another in terms of the amount of time and financial resources that are required for its successful completion. When it comes to money, the construction phase of a building project is by far the most important one. Research has shown that sometimes as much as 95% of the total project cost is spent on the completion of this particular phase. Because of this, the costs incurred during the construction deserve special attention in terms of cost dynamics, which can be defined as the allocation of costs in relation to time (Bromilow, & Davies, 2021).

In the context of building projects, doing an assessment of how costs are distributed in light of available time is an urgent matter. It relates in part to the examination of the regularity of the connection between these two variables across the different phases of the project, or, to put it another way, it relates to the analysis of the potential of employing the s-curve approach in relation to specific activities and issues (Boussabain, 2022).

When a building contract is finalized, the entire cost of the works is determined; however, the data on the monthly allocation of cost, which is often presented using the s-curve approach, remain unclear. In Croatia, relatively little academic work has been done in relation to the application of the scurve technique or its further development. An examination of the relevant published works reveals that the authors primarily concentrate their attention on the investigation of curve trend analysis and the development of an information system for planning and controlling project cash flows. This was discovered through an examination of the relevant published works (Hudson, 2021).

The data on building projects carried out in Croatia that were created as a result of the study that was carried out and examined subsequently on the basis of statistical methods for the processing of database systems and system theories. Several conceptual approaches to construction organization and planning, as well as project management, were utilized during the course of the research's execution of certain aspects. In order to develop a methodological proposal for modeling the cost scurve, regression techniques and best-fit analyses were utilized. In particular, quantitative and qualitative assessments of the theory of risk management were utilized as part of this process (Hudson, 2021).

The part of a project known as "time control" is the component that ensures the project will be completed on schedule and without exceeding its allotted budget. Controlling the amount of time spent on a project starts early on with planning and continues all the way through to the completion of the project with a post-implementation evaluation. This control requires active participation at every stage of the process. The right level of control should be determined for each project; maintaining an excessive amount of control requires an excessive amount of time, while maintaining an inadequate amount of control is highly unsafe. In the event that project time control is not successfully implemented, the associated costs to the company should be broken down into the following categories: mistakes, repairs, and additional audit fees (Boussabain, 2022).

Cost, risk, quality, communication, timing, adaptability, procurement, and human resource management all require their own separate control systems. In addition, auditors need to take into consideration the significance of the projects to the financial statements, the degree to which stakeholders are dependent on the controls, and the total number of controls that are in place. Auditors are obligated to conduct a thorough evaluation of the procedures and processes involved in the development process (Boussabain, 2022). If it is necessary or desired to do so, an evaluation of the development process as well as the quality of the finished product is possible. A company could ask an auditing firm to be engaged in all stages of the process in order to identify any issues at an earlier stage, when they are more straightforward to resolve. An auditor may participate in a project either as an independent auditor or as a controls consultant as a member of the development team.

Businesses may employ formal systems development methods. These factors contribute to the success of the system development process. It is more effective to create robust controls through a formal process, and auditors should assess this process to ensure that it is effectively planned and that it is implemented in practice. A solid documented strategy for the growth of the system outlines (Bromilow, & Davies, 2021).
1.1
BACKGROUND OF THE  STUDY

According to the results of the survey, the majority of projects have budget and schedule overruns (Williams Ackermann, Eden, 2002,pl92). According to the findings of the study that was conducted by Wright (1997), a decent rule of thumb is to add a minimum of fifty percent to each time estimate, and fifty percent to the first estimate of the budget (Bromilow, & Davies, 2021). It is an indication that the endeavor is extremely difficult and full of obstacles. There will be a great deal of unforeseen problems that cause the project to run over budget and behind schedule. As a result, a great number of different technologies and methods are created for efficient monitoring and control so that the project may be completed successfully. In this post, we will explore how a project manager may be effective in the building phase in terms of time and money control. In the next section, we will talk about the challenges that the manager will have while trying to keep track of and maintain control over the project (Boussabain, 2022).

The number of resources that are anticipated to be utilized on an activity is one of the factors that must be considered when developing an estimate of the activity's duration. The estimate need to be ambitious while also being grounded in reality. During the execution of the project, there will be certain activities that require much more time than their expected duration, others that will be completed in significantly less time than their projected length, and some that will precisely adhere to their predicted durations. These kind of delays and accelerations have a tendency to balance one another out throughout the course of a project that encompasses a large number of operations (Hudson, 2021).

It is important to pick the projected start time as well as the needed completion time for the entire project in order to construct a base from which to generate a timetable utilizing the duration estimates for the activities. Once this has been done, the schedule can be calculated. These periods determine the total time frame, sometimes known as the "envelope," within which the project needs to be finished. Specifying the requisite amount of time for a project's completion as part of its overall purpose is often required under the contract. After you have determined the projected length of time needed to complete each action in the network as well as an overall time frame within which the project must be finished, you will need to decide whether or not the activities can be finished within the required amount of time (Boussabain, 2022).

Measuring the project's actual progress, comparing it to the project's planned progress in a timely and consistent manner, and taking any required corrective action as soon as possible are the keys to successful time management of a project. The practice of controlling the amount of time spent on a project requires routinely acquiring data on project performance and comparing it to the performance that was intended. This procedure needs to be carried out on a consistent basis over the entirety of the project.

To get started, you will need to create a baseline plan that outlines how the project scope will be completed on schedule and without exceeding the allotted spending limit. The customer and the client must first reach an agreement on the project's baseline plan before work can begin. It is important to create a consistent reporting period in order to compare the actual progress made to the progress that was expected. Depending on the intricacy of the project and how long it will take, the reporting schedule might be once every day, once per week, or once per month. In the course of each reporting period, it is necessary to gather two distinct types of data or information (Boussabain, 2022).
1.2 STATEMENT OF PROBLEMS 

Ackermann, Eden, Howick and Williams (2000) point out the pitfall of using 0. They are:

a) When a network is resource-constrained, there is no agreed definition of what a 'project time control ' actually is.

b) Many effects, such as change orders, impact many activities simultaneously. In such cases, single-activity analyses in PRC  do not really work, and more sophisticated analyses or network simulation is needed.

c) PRC  cannot take account of soft factors such as demotivation. Disruption affects productivity in a fashion that means it varies over time, PRC  times do not usually take account of changes in productivity, let alone when it is a variable factor.

d) project time control (PRC)   does not take into account management actions to deal with delays and disruptions.

 Adding resource

Adding resource is most common methods for shortened project time. But there are limits, such as some of activities cannot be shortened by adding staffs and equipment and some time the relation between staffs size and time shorten is not linear. Adding resource, you cannot achieve as your want.

Overtime

This is the easiest way to add more labour and not add more staffs. But need to face the challenge of team numbers' antipathy and the low efficiency in the overtime work.

Outsourcing

This is also a common method to shortening the project time by subcontracting the activities. The issue is most of the time, the subcontractor need to warm up before start their project jobs.

 NPV

The problem that exists within the field of NPV is that after getting a project authorized.

There will be no further consideration given to the project's NPV until a post investment appraisal can be carried out. However, at this point the damage has been done (Gardiner and Stewart, 2000, p252).

1.3
OBJECTIVE OF THE STUDY 

Erel and Raz (2000) state that the project time control cycle consists of measuring the status of the project, comparing to the plan, analysis of the deviations, and implementing any appropriate corrective actions. When a project reach the construction phase, monitor and control is critical to deliver the project success. Project monitoring exists to establish the need to take corrective action, whilst there is still time to take action. Through monitoring the activities, the project team can analyze the deviations and decide what to do and actually do it (Gardiner and Stewart 2000,p252). The purpose of monitor and control is to support the implementation of corrective actions, ensure projects stay on target or get project back on target once it has gone off target (Erel and Raz, 2000,p253).

a) Do unstarted activities really have to await the completion of other activities before they can start? If no, start the activities

b) If an activity has to wait for the completion of other activities, can that activity be broken down into sub-activities and some of the sub activities completed at an earlier date? If no, break down the activity into sub-activities and start the urgent one at once.

Herroelen and Reyck (1999) also state that managers have to tackle the challenging problem of scheduling activities to minimize the project duration, in which the activities (a) are subject to generalized precedence relations, (b) require units of multiple renewable, non-renewable and doubly constrained resources for which a limited availability is imposed, and (c) can be performed in one of several different ways, refected in multiple activity scenarios or modes.

 Optimal timing

Considering optimal timing of project monitoring and control points is significant to success (Falco and Macchiaroli,1998). Falco and Macchiaroli suggest that we should determine the optimal frequency of the monitoring and reviewing to different activities in different stages. It can help us to efficient monitor and correct control so as to reach time and cost target.

Crashing

In recent years, network crashing was developed along with the project time control  method (PRC ) for planning and controlling large scale project. The purpose of crashing is the minimization of the pessimistic time estimate in PERT (Program Evaluation and Review Technique) networks by investing additional amounts of money in the activities on the project time control . Sometimes, crashing methods are required to combine in the monitoring and controlling process when the duration of the activity that has to be completed within a specified time (Abbasi and Mukattash,2001,pl81).

1.4 RESEARCH QUESTION 

Is Probabilistic moment of risk: An activity (task) in most real-life processes is not a continuous uniform process. Tasks are affected by external events, which can occur at some point in the middle of the task. 

Why is it  that event chains: Events can cause other events, which will create event chains. These event chains can significantly affect the course of the project. Quantitative analysis is used to determine a cumulative effect of these event chains on the project schedule. 

Critical events or event chains, is it the single events or the event chains that have the most potential to affect the projects are the “critical events” or “critical chains of events.” They can be determined by the analysis. 

Project tracking with events: Even if a project is partially completed and data about the project duration, cost, and events occurred is available, it is still possible to refine information about future potential events and helps to forecast future project performance. 

1.5 SCOPE OF THE STUDY 

The best means of ensuring that the costs are kept to a minimum during any project is by utilizing a commercial construction costs management service. This is an establishment which is able to realistically look at the capital costs for any commercial building construction project. They not only look closely at the planning costs but also cost control services. Plus this service will ensure that the proposals provided on the construction project are documented as well as being completed within the pre-arranged costs and time framework. They will also establish the most economical means of ensuring that the project does not run over budget. Each construction project should employ an independent and professional cost manager or quantity surveyor who can police as well as have a clear overview of everything that is going on. This is to protect the financial interests of the individual who is having the construction project done. These people use their engineering skills and experience which they then apply to scientific principles and techniques.  This allows them to analyze and develop the best action that should be taken in order to provide a good estimation of the costs involved. This will also enable them to control the commercial building construction costs once the project starts on site. By using a good set of cost management principles the cost manager or quantity surveyor will ensure that the construction project stays within the budget limits and still meets performance and quality targets. When a commercial construction project is being prepared the cost manager or quantity surveyor is an integral part of the team and can bring added value to any construction and design team. However if there are  problems relating to commercial building construction costs exceeding the budget, then this may well cause problems for the person who was asked to control the costs initially.

1.6 SIGNIFIANCE OF THE STUDY  

Engaging a general contractor or construction manager earlier in the process is a good way to control time in the initial planning phases. These experts understand all legal requirements and can ensure all documentation is filed methodically and in a timely manner, reducing schedule delays early on. Some building owners are taking a more active role in the overall process and are functioning as a team member to streamline communications and drive faster completion of projects as well. Developers and business owners should encourage these approaches and work with general contractors, who have good relationships with established suppliers.  This enables them to increase their aptitude to project and budget construction costs accurately through to the end of the building construction process.

CHAPTER TWO

2.0
INTRODUCTION 

Non-stationary construction processes are commonly characterized by a great number of unexpected

incidents and changing boundary conditions as well as by enormous time and cost pressure. In order to

ensure the efficient use of valuable resources in spite of these challenges, a scheduling technique is

needed that allows for active control and steering. Planning methods that feature adequate adaptability

and support the description of parallel processes, unexpected incidents, and stochastic and fuzzy parameters

are therefore necessary (Hohmann 1997).

Thus, modern simulation tools can be applied with increasing success. Up to now, these tools for the

optimization of construction and logistical processes are predominantly used in the start-up phase of a

project. Projects are often affected by unscheduled constraints and limitations, especially in the erection

phase, that give reason to deviate from the formerly optimized plan and to find new current solutions.

The concept presented in this paper was developed with particular attention to time control. Experience

in this field demonstrates that bar diagrams are still the predominant tools on most construction

sites. Even critical path methods are uncommon. Simulations however, can provide much more information,

such as the machine’s productivity, possible hidden capacities, and reasons for reduced output

(Hohmann 1997).

In order to meet the aforementioned requirements of daily construction business, the application of

simulation tools could be extended from the planning phase to the erection phase. A more specific and

dynamic data base is needed to effectively address this challenge.

2.1
LITERATURE REVIEW 

According to the law, it is prohibited to construct anything that goes beyond, into the sea, territorial water, beach, canal, pond and/ or dam except otherwise provided by the approval granted by the Director-General of the Harbor Department. The application should be filed at the Regional Harbor Office for example; Pattaya, Hua Hin or Phuket because there are various of the difference rules and regulations depending on the particular area or the Harbor Department, Bangkok.

According to the municipality of Phuket, it is a must to consult with the local municipality at the area which plan to build the pier. It is can be the specific rules and regulations, city plan or ministerial regulation, after the approval from the municipality of Puket we can apply for the permit at the Regional Harbor Office at Phuket. 

In addition we can apply both permit for construction pier and building at the same time. The Building Control Division, Office of Public Works and the Regional Harbor Office will consider the application separately. 
The major legal aspects for the construction of piers are Sections 117 and 118 of the Marine Cruise Act and the Ministerial Regulation No. 63 regarding the construction of building that goes beyond or into the sea, the piers. The steps of approval for the construction of piers are as follows:

1.The applicant must be the owner of the land that connected to the canal, dam or the territorial sea or having the right of possession over such area.

2.The applicant shall file the application according to the form specified by the Director-General of the Harbor Department and shall declare the objectives/ purposes of the use of building with the related evidencing documents such as the document that evidences the ownership, architecture plan, outline plan, or any other related document specified by the Director-General 0f the Harbor Department. The building’s architecture plan and the pier’s plan shall be filed together at this step for the consideration of the Director-General 0f the Harbor Department.

According to the declaration of the Ministry of Science, Technology and Environmental, there are types of projects or business that shall submit the environmental affectation analysis report such as:

The building located beside the water, beach, sea, national park or historical park where the location may probably effects the surrounding environment.
The building for living and/or utilization with its height of more than 23 meters or building where having its space inside of either every floor or each floor of more than 10,000 square meters.

As provided in the general construction, it is also required by law for the building owner to file the application for the certificate of building’s usage under Section 32 of the Building Control Act, this process normally takes 30 days from the filing date as detailed above.

As mentioned that the 2 Departments namely the Department of building control and the Department of Harbor, have the definite separately authorization over the difference approval thus; the application regarding the building construction and the application regarding the construction of pier are able to be filed independently at the same time but both of them shall be approved by each Department before the construction begins.


2.2
DESCRIPTION OF ON-SITE STATUS

The optimization of processes by using simulation tools is more and more gaining importance in building industry. Therefore But important are reliable input data, because optimization results are only as strong as their experienced data base is.

Two aspects have to be captured for the construction process simulation and to be described in the simulation environment:

1.) data that define the construction process exactly, such as process times, dependencies, resources required etc. Based on accurate process times, the logical link between the process steps and the consideration of all relevant boundary conditions will create reasonable optimization results.

2.) data that define the environment in which the process runs, and capture information describing the current progress of construction and the construction site conditions, such as material inventory, human resources and describe the progress of the project in itself.

The Bauhaus-University Weimar works on the implementation of a reactive building process in simulation.

This is designed to optimize the building process not only in the start up phase of the construction project, but also in the execution phase, when the site conditions are frequently changing. For this reason, the construction progress has to be determined at defined time intervals and data processing must be automated,

thus enabling a further optimization of the construction process in the light of current conditions.

With regard to time controlling a method will be developed that represents the building progress on an accurate daily basis by identifying single process steps. This method will be sufficient for time controlling and more cost efficient than methods that capture geometric data, because there is less need for expensive

technologies and analysis will be less time consuming. But the answer to the question “Which data do we really need?” is going to be a little complicated.

One aspect in this context is time controlling. Therefore we need reliable information about degrees of completion and the times of erection - more detailed information about the processes respectively sub processes of the project. There are different ways to describe the building progress. For example many research

projects draw conclusions from the geometry, by analyzing image data or scatter plots.

Another area is the financial progress. For example today's reporting system is predominantly set up for capturing all information needed for cost controlling. The total budget and liquidity off a construction site are connected to the processes on site. The presented method starts from a process model that represents all process steps, dependencies and supporting documents, as delivery notes, proof or acceptance certificates. As example the curb of a bridge is chosen, because it represents a typical self-contained element of reinforced concrete construction, which is a typical hybrid construction element with several working steps and different involved personnel. Therefore the examination results will be transferable to other construction processes. That opens a great variety of prospect, also reinforced concrete is one of the most used building materials. But these information provide only a blurred image of the current status.

Since the density of information for the simulation is not sufficient, the data from the construction site documentation is to be completed by the use of specific measurement.

2.3
BUILDING PROCESS

The process of constructing bridge curbs is not thoroughly described in the literature. Therefore the building process of several bridges was monitored, captured in detail, and documented. Different road bridges with varying degrees of complexity and different constraints were selected. In the following section, one

of these projects is described in detail.

The largest of all monitored bridges is a 445 m long highway bridge in Germany with 12 spans and a double-webbed t-beam cross-section made of pre-stressed concrete. This bridge was built with a mobile scaffold. The formwork for the curb was on the ground bridge slab (Figure 2).

This bridge shows multifaceted boundary conditions that strongly influence the building process and methods as well as the time scheduling. It bridges two farm tracks, an interstate highway, a highly frequented main railroad line and a river. All disturbances, including blocking the railroad track, had to be kept to a minimum. The river is part of a drinking water protection area and this causes strict environmental regulations.

Right from the beginning of the execution the construction sequence deviated and had to be rescheduled several times by the site manager. The ongoing management of the building progress was based on the site manager’s competence alone. He had to act on a day-to-day basis. An efficient consideration of long-term consequences was almost impossible.

Within the monitoring of the real process, all interferences and the following deviations as well as the corrective activities were documented in order to use them for the presented approach, as well as for future simulation scenarios. Furthermore, the duration of all activities, as well as the exact need for material,

machine, and manpower was monitored.

Other bridges were also monitored in this way in order to get a reliable data source. Based on these data a universally valid and conventionalized construction process for bridge curbs was designed. Event-driven process chains (EPC) were used to analyze and visualize all dependencies within the building process, because of their easy application and transparency (Figure 3).

2.4
EVALUATION OF SUB-PROCESSES

During the investigation of a detailed construction process, sub-processes and activities are evaluated in terms of their importance and significance in relation to the aggregated process.

The idea in structuring the building process is to identify “grid points”. This term is adopted in analogy to analytical algebra (Figure 4). Using this approach, a curve’s shape can be defined if a sufficient number of discrete points and the type of curve are known. In the same way a sufficient amount of reliable

process information will be used to define the actual status of work. This information will be taken as grid points for the indication of the actual state of construction progress. Grid points are set up as control gates from which signal information can be generated or taken. They indicate clearly, or at least with reasonable certainty, which events have taken place and which activities are in progress. Therefore, the kind and density of required information is to be determined.

As already mentioned, each process starts with an event, which can be a certain activity for example.

These events have to be identified and described as grid points. Suitable grid points are, for example, events required before a certain procedure can start (material delivery), events assigned to the completion of a procedure (hand over), easy-to-describe intermediate states (finishing of sealing or acceptance of

reinforcement), and placement of certain types of rebar and installation units. Grid points are comparable to a less stringent type of milestone in time schedules.

The identification of the most significant sub-processes is important. The AHP (Analytic Hierarchy Process) method is used to rank the processes by the mentioned criteria order to identify key processes, which are of particular importance for the ongoing optimization. Later, these processes are identified by

significant events in the construction process. Sensitivity analysis is implemented to check the plausibility of the criteria and their emphasis in the AHP.

2.5
CONSTRUCTION PROJECT MANAGEMENT

Construction Project Management is the overall planning, coordination and control of a project from inception to completion aimed at meeting a client’s requirements in order to produce a functionally and financially viable project that will be completed on time within authorized cost and to the required quality standards. Project management is the process by which a project is brought to a successful conclusion. Construction project management (CPM) is project management that applies to the construction sector (3rd Forum ”International Construction Project Management” 26th/27 June 2003 in Berlin).

The Construction Management Association of America (CMAA) (a primary US construction management certification and advocacy body) says the 120 most common responsibilities of a Construction Manager fall into the following 7 categories: Project Management Planning, Cost Management, Time Management, Quality Management, Contract Administration, Safety Management, and CM Professional Practice which includes specific activities like defining the responsibilities and management structure of the project management team, organizing and leading by implementing project controls, defining roles and responsibilities and developing communication protocols, and identifying elements of project design and construction likely to give rise to disputes and claims.

Construction management (CM): UK: 1. management of the site. 2. form of delivery USA: form of delivery (compare above)

Real estate management (REM): professional property advice (as opposed to a project, REM is a continuous process)

Corporate real estate management (CREM): REM focused on a company’s property Management contracting (MC): UK: form of delivery USA: CM at risk

Programme management (ProgM): UK: 1. programme management is concerned with managing time in a project and is thereby part of the CPM function. 2. management of a client’s portfolio (client’s programme in this sense is equivalent to a client’s brief) USA: management of a client’s portfolio (compare above)

Project time control (PC): The PC function is concerned with gathering data regarding project progress, producing progress reports, monitoring time, cost, and quality. Compared to the CPM function, the PC function can be characterised to be passive, whereas a construction project manager needs to take action.

Project leader (PL): The PL is responsible for achieving the project’s objectives. He is the manager “in line”.

Project director (PD): The PD is the leader of a big project that can be broken down in sub-projects (e.g. Channel tunnel). He can also be the head of a PM organisation. OR: The OR is the representative of the owner. This function can be provided either internally or externally.

2.5.1Study and practice
Construction Management education comes in a variety of formats: formal degree programs (one-year associate degree; four-year baccalaureate degree, masters degree, project management, operations management engineer degree, doctor of philosophy degree, postdoctoral researcher); on-job-training; and continuing education / professional development. For information on degree programs, reference ACCE, the American Council for Construction Education, or ASC, the Associated Schools of Construction.

According to the American Council for Construction Education (the academic accrediting body of construction management educational programs in the U.S.), the academic field of construction management encompasses a wide range of topics. These range from general management skills, to management skills specifically related to construction, to technical knowledge of construction methods and practices. There are many schools offering Construction Management programs, including some that offer a Masters degree. 

Typically the construction industry includes three parties: an owner, a designer (architect or engineer), the builder (usually called the general contractor). Traditionally, there are two contracts between these parties as they work together to plan, design, and construct the project. The first contract is the owner-designer contract, which involves planning, design, and construction administration. The second contract is the owner-contractor contract, which involves construction. An indirect, third-party relationship exist between the designer and the contractor due to these two contracts.

An alternate contract or business model replaces the two traditional contracts with three contracts: owner-designer, owner-construction project manager, and owner-builder. The construction project management company becomes an additional party engaged in the project to act as an advisor to the owner, to which they are contractually tied. The construction manager's role is to provide construction advice to the designer, on the owner's behalf, design advice to the constructor, again on the owner's behalf, and other advice as necessary.

2.6
DESIGN, BID, BUILD CONTRACTS
Design, bid, build describes the prevailing model of construction management in which the general contractor is engaged through a tender process after the designs have been completed by the architect or engineer.

Recently a different business model has become more popular. Many owners – particularly government agencies have let out contracts which are known as Design-Build contracts. In this type of contract, the construction team is known as the design-builder. They are responsible for taking a concept developed by the owner, completing the detailed design, and then pending the owner's approval on the design, they can proceed with construction. Virtual Design and Construction technology has enabled much of the ability of contractors to maintain tight construction time

There are two main advantages to using a design-build contract. First, the construction team is motivated to work with the design team to develop a design with constructability in mind. In that way it is possible for the team to creatively find ways to reduce construction costs without reducing the function of the final product. The owner can expect a reduced price due to the increased constructability of the design.

The other major advantage involves the schedule. Many projects are given out with an extremely tight time frame. By letting out the contract as a design-build contract, the contractor is established, and early mobilization and construction activities are able to proceed concurrently with the design. Under a traditional contract, construction cannot begin until after the design is finished, the project is bid and awarded, and the team can mobilize. This type of contract can take months off the finish date of a project.

The major problem[6] with design-build contracts is the inherent conflict of interest. In a standard contract the designer is responsible to the owner to review the work of the builder to be sure the products and methods meet specifications and codes. The builder as a construction professional experienced working with many designers is attuned to picking up design flaws which would go uncaught or unmentioned when builder is also designer. The owner may be more likely to get a building that is over-designed in order to increase costs and profits for the design-builder, or built with lesser grade products to maximize profits. If time is of the essence, a design and construction contracts can be awarded separately, with bidding taking place on preliminary plans in a not-to-exceed contract in lieu of a single firm design-build contract.

 Agency CM
Construction Cost Management is a fee-based service in which the Construction Manager (C.M) is responsible exclusively to the owner and acts in the owner's interests at every stage of the project. The construction manager offers advice, uncolored by any conflicting interest, on matters such as:

Optimum use of available funds; 

Control of the scope of the work; 

Project scheduling; 

Optimum use of design and construction firms' skills and talents; 

Avoidance of delays, changes and disputes; 

Enhancing project design and construction quality; 

Optimum flexibility in contracting and procurement. 

Cash flow Management. 

Comprehensive management of every stage of the project, beginning with the original concept and project definition, yields the greatest possible benefit to owners from Construction Management. As time progresses beyond the pre-design phase the CM's ability to effect cost savings diminishes. The Agency CM can represent the owner by helping to select the design team as well as the construction team and manage the design preventing scope creep, helping the owner stay within a pre-determined budget by performing Value Engineering, Cost/Benefit Analysis and Best Value Comparisons.

CM at-risk
CM at-risk is a delivery method which entails a commitment by the construction manager to deliver the project within a Guaranteed Maximum Price (GMP), in most cases. The construction manager acts as consultant to the owner in the development and design phases, (often referred to as "Preconstruction Services"), but as the equivalent of a general contractor during the construction phase. When a construction manager is bound to a GMP, the most fundamental character of the relationship is changed. In addition to acting in the owner's interest, the construction manager must manage and control construction costs to not exceed the GMP, which would be a financial hit to the CM company.

CM at risk is a global term referring to a business relationship of Construction contractor, Owner and Architect / Designer. Typically, a CM At Risk arrangement eliminates a "Low Bid" construction project. A GMP agreement is a typical part of the CM and Owner agreement somewhat comparable to a "Low Bid" contract, but with a number of adjustments in responsibilities required by the CM. The following are some of the potential benefits of a CM At Risk arrangement:

Budget management: Before design of a project is completed ( 6 months to 1½ years of coordination between Designer and Owner), the CM is involved with estimating the cost of constructing a project based on the goals of the Designer and Owner (design concept) and the overall scope of the project. In balancing the costs, schedule, quality and scope of the project, decisions can be made to modify the design concept instead of having to spend a considerable amount of time, effort and money re-designing and/or modifying completed construction documents. For instance, if the Owner decides to spend more money or obtain more funding for the project, adjustments can be made to the project more cost-effectively without having to complete construction documents as a predecessor to pricing. To manage the budget before design is done, construction crews are mobilized, the CM is often spending significant resources each week with onsite management, major items are purchased, etc., etc., is a much more efficient use of everyone's time, effort, Architect / Designer's costs, and the CM's General Conditions costs, AND delivering to the Owner a design within his budget.
2.7
 CONSTRUCTION PROJECT COSTS

Construction project costs refer to all the costs needed to complete the project, which is why they must be defined in the project planning. Besides investors, project engineers have the biggest influence on project cost planning. On the other hand, investors have budgets and limited financial resources for their projects that are determined on the basis of the profitability of the project or the availability of funds. At any rate, whatever the reason behind the limited financial funds, cost overruns will surely harm the investor.

Furthermore, the role of consultants is undisputable and quite important in the process of project implementation as well. Among others, their task is to apply specific and adequate cost management tools unless they have been provided in advance.

Cost management techniques are best described by way of cost management cycles.

The project cost management process begins by designing an initial budget estimated on the basis of the preliminary data available concerning the plan and the methods, and is continued by controlling, fine-tuning and managing the said budget until the project is completed. Upon the completion of the project, the cycle ends with the necessary final procedures, including obtaining the data needed for project management and maintaining the cost data records. To ensure successful project management, investors and companies must use specific and adequate tools in terms of quality and quantity alike in order to be able to manage the costs of their projects. Cost flow is the projected forecast of the total project cost in relation to time [2]. In order to make such a forecast, it is necessary to allocate the costs for particular activities during the project. The total duration of the project is the result of the schedule and order of activities based on technological, logical

and organizational premises.

We could say that cost flow does not show the actual cash outflow, rather the progress of the project in terms of monetary units. Both tabular and graphic presentation forms can be used to present cash flows.

The most common form of presenting cash flows is the tabular form. A cost flow table usually gives the amount of cash flow in relation to specific timeframes (months, threemonth periods, years etc). A table can also be used to present, for example, an array of installment payments envisaged in the framework of the project, which can be done in the periodic or cumulative form.

Instead of the tabular presentation form, cash flows can also be presented in graphic form.

The graphic form is especially convenient to visually present and compare the project data, as well as for trend analysis. Graphic presentation can be periodic or cumulative, however it is the cumulative form that is mainly used.

The cumulative distribution function or the so-called s-curve is usually used as a quick way to project the cumulative cash flow within a specific timeframe.

2.8 Manual handling in building and construction industry 

Manual handling injuries result in more lost time within the building and construction industry than any other type of injury. Appropriate manual handling training will reduce the risk of these injuries occurring. This document provides guidance on what the manual handling training requirements are and how they can be implemented within the industry.

Construction workers are at a higher risk than most workers of sustaining a manual handling injury. Manual handling injuries are the largest single cause of injury resulting in construction workers having to take time off work. As well as costing millions of dollars per annum these injuries result in pain and suffering to the injured worker and their families and a loss of experience, skills and productivity to the industry.

Manual handling injuries are caused by more than just lifting. Manual handling involves any activity requiring the use of force exerted by a person to lift, lower, push, pull, carry or otherwise move, hold or restrain a person, animal or thing. Common manual handling activities that result in injuries among construction workers include completing work with poor postures and lifting, carrying, manoeuvring and placing awkward/heavy loads.

The objectives of this publication are to assist the building and construction industry to reduce the number and severity of manual handling injuries and to reduce, as far as practicable, manual handling hazards in the workplace. This publication intends to achieve the objectives by:

raising the level of awareness about the range of issues surrounding manual handling hazards; and 

providing a coordinated means by which attitudes, behaviours and responses to these hazards can be positively influenced and work processes improved.

The Manual tasks code of practice [PDF 1.02 mb] outlines the training requirements for employees to achieve the skills and knowledge necessary to implement the manual handling risk management process at their workplace and to have the specific skills required to complete the job safely.

2. The manual handling risk management process
The manual handling risk management process involves addressing manual handling hazards systematically through the three steps of: 

hazard identification (hazard means anything that may potentially result in injury or harm to health); 

risk assessment (this involves looking at the possibility of injury or harm occurring to a person if exposed to a hazard. A number of manual handling risk factors, for example the weight and size of an object, the work environment and the workers' posture, need to be considered in this step); and 

risk control (this involves introducing measures to eliminate or reduce the risk of a person being injured or harmed. The order in which controls should be considered is elimination, substitution, isolation, engineering control, administration control, and personal protective equipment; note - more than one control can be used at any given time to reduce the exposure to a manual handling hazard). 

Job safety analyses (JSAs) or work method statements are tools that can be used to facilitate and document the manual handling risk management process (see the appendix for a sample JSA). To get the best result everyone involved in the job should be involved in this process.

To facilitate meaningful participation everyone needs to have received adequate training so they can understand and implement the manual handling risk management process. The Manual tasks code of practice should be referred to for more detail on this process.

3. Legal obligations
The Occupational Safety and Health Act 1984 contains general duties, which describe the responsibilities of people who influence safety and health at work. Employers, employees, self employed persons, persons who have control of workplaces, designers, manufacturers, importers and suppliers of plant and hazardous substances and designers and constructors of buildings or structures, all have duties of Care they must fulfil to comply with the legal requirements of the Act. 

Employers have a duty of care to provide employees with such information, instruction, training and supervision to enable them to perform their work so they are not exposed to hazards. Principal contractors and sub contractors have a shared responsibility to consult with employees and safety and health representatives (if any) and to provide training.

Regulation 3.4 of the Occupational Safety and Health Regulations 1996 specifically details the requirements to manage manual handling hazards in the workplace. The regulation outlines the three-step risk management process of hazard identification, risk assessment and risk control. The Manual tasks code of practice [PDF 1.02 mb] , which provides practical advice on how to achieve the requirements of the legislation, outlines manual handling training requirements. The Code states the following types of manual handling training are needed:

4. General training
Manual handling induction training should take place before commencing work on site. Induction training may be provided by the individual employer/main contractor, or as part of a general construction industry safety induction course such as green card or supervisor safety training. 

Examples of when general training may occur as part of an ongoing manual handling risk control programme include at toolbox or similar occupational safety and health meetings or when the risk control programme is revised.

Who should attend?
To ensure the manual handling risk management process can be successfully implemented, all persons having influence on what, when and how tasks will be undertaken in a construction project need to have the required knowledge and skills. To achieve this, each of the groups listed below may need to attend the training:

designers; 

suppliers/manufacturers; 

employers/main contractors; 

supervisors (including those responsible for ordering and coordinating the supply of materials and labour); 

sub-contractors; and 

employees.

Elements of training
The level of training provided should be comparable to the risk involved. Any training should focus on the specific problems identified in the assessment process. Depending on the degree of risk, participants should have an understanding of some or all of the following:

key sections of the Regulations relating to manual handling and this code of practice; 

the role and responsibilities of the employer, employees and others, and the consultation which should take place between employer and employees in order to identify hazards, and to assess and control risks; 

the activities included in manual handling, and the types of injuries that can result; 

basic function of the spine, body postures, types of muscle work, and principles of levers; 

the relationships between the human body and risk of manual handling injury; 

the risk management approach to manual handling; and 

the application of the relevant control strategies.

The training should include information specific to the building and construction industry and where practicable should address site-specific issues. The training should enable participants to identify hazards and assess and control the risk by using tools such as job safety analyses (JSAs) and work method statements before site work commences (see the appendix for a sample JSA). Where the risk control includes specific manual handling methods this needs to be included in the task specific training.

2.8
Cost Control, Monitoring and Accounting

 The Cost Control Problem

During the execution of a project, procedures for project time control and record keeping become indispensable tools to managers and other participants in the construction process. These tools serve the dual purpose of recording the financial transactions that occur as well as giving managers an indication of the progress and problems associated with a project. The problems of project time control are aptly summed up in an old definition of a project as "any collection of vaguely related activities that are ninety percent complete, over budget and late." [1] The task of project time control systems is to give a fair indication of the existence and the extent of such problems. 

In this chapter, we consider the problems associated with resource utilization, accounting, monitoring and control during a project. In this discussion, we emphasize the project management uses of accounting information. Interpretation of project accounts is generally not straightforward until a project is completed, and then it is too late to influence project management. Even after completion of a project, the accounting results may be confusing. Hence, managers need to know how to interpret accounting information for the purpose of project management. In the process of considering management problems, however, we shall discuss some of the common accounting systems and conventions, although our purpose is not to provide a comprehensive survey of accounting procedures. 

The limited objective of project time control deserves emphasis. Project time control procedures are primarily intended to identify deviations from the project plan rather than to suggest possible areas for cost savings. This characteristic reflects the advanced stage at which project time control becomes important. The time at which major cost savings can be achieved is during planning and design for the project. During the actual construction, changes are likely to delay the project and lead to inordinate cost increases. As a result, the focus of project time control is on fulfilling the original design plans or indicating deviations from these plans, rather than on searching for significant improvements and cost savings. It is only when a rescue operation is required that major changes will normally occur in the construction plan. 

Finally, the issues associated with integration of information will require some discussion. Project management activities and functional concerns are intimately linked, yet the techniques used in many instances do not facilitate comprehensive or integrated consideration of project activities. For example, schedule information and cost accounts are usually kept separately. As a result, project managers themselves must synthesize a comprehensive view from the different reports on the project plus their own field observations. In particular, managers are often forced to infer the cost impacts of schedule changes, rather than being provided with aids for this process. Communication or integration of various types of information can serve a number of useful purposes, although it does require special attention in the establishment of project time control procedures. 

The Project Budget

For cost control on a project, the construction plan and the associated cash flow estimates can provide the baseline reference for subsequent project monitoring and control. For schedules, progress on individual activities and the achievement of milestone completions can be compared with the project schedule to monitor the progress of activities. Contract and job specifications provide the criteria by which to assess and assure the required quality of construction. The final or detailed cost estimate provides a baseline for the assessment of financial performance during the project. To the extent that costs are within the detailed cost estimate, then the project is thought to be under financial control. Overruns in particular cost categories signal the possibility of problems and give an indication of exactly what problems are being encountered. Expense oriented construction planning and control focuses upon the categories included in the final cost estimation. This focus is particular relevant for projects with few activities and considerable repetition such as grading and paving roadways. 

For control and monitoring purposes, the original detailed cost estimate is typically converted to a project budget, and the project budget is used subsequently as a guide for management. Specific items in the detailed cost estimate become job cost elements. Expenses incurred during the course of a project are recorded in specific job cost accounts to be compared with the original cost estimates in each category. Thus, individual job cost accounts generally represent the basic unit for cost control. Alternatively, job cost accounts may be disaggregated or divided into work elements which are related both to particular scheduled activities and to particular cost accounts. Work element divisions will be described in Section 12.8. 

In addition to cost amounts, information on material quantities and labor inputs within each job account is also typically retained in the project budget. With this information, actual materials usage and labor employed can be compared to the expected requirements. As a result, cost overruns or savings on particular items can be identified as due to changes in unit prices, labor productivity or in the amount of material consumed.
2.9
PROBLEMS OF PROJECT TIME CONTROL 

Develop an alternative work breakdown for the activities shown in Figure 9-2 (Example 9-3). Begin first with a spatial division on the site (i.e. by roadway segment and structure number), and then include functional divisions to develop a different hierarchy of activities. 

Consider a cold weather structure built by inflating a special rubber tent, spraying water on the tent, letting the water freeze, and then de-flating and removing the tent. Develop a work breakdown for this structure, precedence relationships, and estimate the required resources. Assume that the tent is twenty feet by fifteen feet by eight feet tall. 

Develop a work breakdown and activity network for the project of designing a tower to support a radio transmission antenna. 

Select a vacant site in your vicinity and define the various activities and precedences among these activities that would be required to prepare the site for the placement of pre-fabricated residences. Use the coding system for site work shown in Table 9-7 for executing this problem. 

Develop precedence relationships for the roadway project activities appearing in Figure 9-2 (Example 9-3). 

Suppose that you have a robot capable of performing two tasks in manipulating blocks on a large tabletop: 

PLACE BLOCK X ON BLOCK Y: This action places the block x on top of the block y. Preconditions for applying this action are that both block x and block y have clear tops (so there is no block on top of x or y). The robot will automatically locate the specified blocks. 

CLEAR BLOCK X: This action removes any block from the top of block x. A necessary precondition for this action is that block x has one and only one block on top. The block removed is placed on the table top. 

For this robot, answer the following questions: 

Using only the two robot actions, specify a sequence of robot actions to take the five blocks shown in Figure 9-10(a) to the position shown in Figure 9-10(b) in five or six robot actions. 

Specify a sequence of robot actions to move the blocks from position (b) to position (c) in Figure 9-10 in six moves. 

Develop an activity network for the robot actions in moving from position (b) to position (c) in Figure 9-10. Prepare both activity-on-node and activity-on-link representations. Are there alternative sequences of activities that the robot might perform to accomplish the desired position? 

CHAPTER THREE

3.1
DATA SOURCES

In discussing the available data sources, an evaluation of the usable instruments must be done. Up to now most research projects develop and analyze data gathered from one type of source, for example RFID. But the reality in construction varies so much that different techniques of data gathering have to be combined.

A suitable mix of these techniques will be established within the ongoing research project. Therefore, different sources of information are identified parallel to the process modeling that in total give significant information about the current state of the construction (Bargstädt 2008).

3.2
DOCUMENTS AS INFORMATION SOURCES

The approach to designing an efficient and realistic controlling tool starts with the identification of documents and other information sources that are widely used on most construction sites. Documents like construction records, minutes of meetings or delivery notes are associated with everyday life on each construction site. Up to this point, they have rarely been evaluated in terms of capturing accurate information about the daily building progress. These documents are analyzed with reference to the information they yield with respect to the degree of completion or material deliveries. Signal information as described above is a matter of particular interest. Furthermore, the common data format is registered, which in many

cases is handwriting. 

Typical information includes:

deployment/staff data such as number of workers, qualifications, working hours (start/end) and completed work

machine data such as machine inventory, working hours/place, and quantities completed

supply data such as shipments

test results

acceptance results

disengaging dates

concreting times (start/end)

site measuring quantities

general output documentation (description of daily output)

weather data such as temperature, hours of rain, and wind speed

To extract this information, the authors first asked for the documents, which are commonly generated on construction sites. This research was based on the literature and on a nationwide survey addressed to site mangers who work for construction companies of different sizes.

The site documents can be divided into three groups: documentation on a normative basis, on a contractual basis, and for internal controlling issues.

3.2
INSTRUMENTS FOR DATA EVALUATION

Current technical instruments include RFID (Ergen 2007), GPS, Photogrammetric, Laser scanning, Tachymetry and Bar codes (Chen 2002). In all of these fields further improvements will be realized soon. As a result of developments in most technologies it is possible to push the boundaries that were limiting the

applications of these technologies to construction just a few years ago. An example is RFID technology, where the size of a RFID chip has become one-tenth of its original size within 5 years, and the price has dropped to 1/100 of the original.

Furthermore, increasingly powerful screening machines create new possibilities for improved application.

For example the storage capacity of Photogrammetric increased enormously, and it is possible to exploit many more data points in less time. It even seems realistic that real-time feedback will be possible in the near future (Kutterer 2006).

In addition to these developments, the exchange and storage of data via the internet has created new possibilities. Today it is possible to transfer huge amounts of data to any place in the world, to process them in a central location, and to transfer them back to site. The task is to identify the relevant evaluation

instruments and register and analyze them with regard to their ability to record real-time data. This comprises speed, data volume, precision, and automation of data. It leads to the question, which instruments are appropriate to recognize parameters relevant for the building progress. Similar to the document evaluation,

constraints and requirements needed for the application of different instruments are considered.

Significant parameters are functionality, type of information, degree of automation and type of equipment.

Based on the above analysis, the different information sources and instruments are methodically compared to one another and interpreted with regard to a specific subsequent processing within the system for capturing the real-time state of construction.

The possible information sources and instruments are evaluated with regard to the construction process to be controlled. They are systematized and tested on their ability to capture signal information at grid points, both as single sources and when combined with other types of sources. In addition, a catalogue of typical construction elements is developed, which will answer the question of how to capture different kinds of elements best.

The instruments are compared based on multiple criteria including reliability (subjective or objective), quality, flexibility, workability, complexity, comparability with standard values, etc.

3.3 COMBINING PROCESS MODELING AND DATA EVALUATION

The basics developed so far concerning process modeling and data evaluation will then be combined into one model. By using process modeling, the building progress is structured in events, functions, relations, and additional grid points pursuant to the requirements of deadline monitoring and simulation. Therefore

it defines where and when information should be captured.

Those points will be matched with the possible data sets as shown in Figure 6. Preference is given to real-time data. In the first step the model will be fed with data that are taken according to availability and actuality (information sources). These data are in any case reviewed with regard to their relevance and

their ability to describe the status at a considered grid point. Data with less relevance will be held back for further usability, for example checking on the plausibility.

Such monitored and in some main elements generated virtual models of the building process may still be incomplete. Therefore further appropriate instruments for data evaluation will be selected and activated in order to complete the monitored situation. They will supply the monitored model with sufficient information for the remaining grid points. This supplementary data gathering is taken by means, which are chosen based on the above-mentioned multi-criteria comparison.

Using a sample construction process as a test environment, a complete simulation model with different data evaluation and grid points is developed. On this model, tests are run with regard to data formats, evaluation intervals, and response times. An important aspect is the fast and integrated data handling, which allows daily steering. In everyday construction business, this time relation is of particular importance for an accurate daily simulation. Of course, the automatic generation and evaluation of the data is one special aspect. Another important aspect is to make use of combinations of data and of redundancies for plausibility checks. At the same time redundant information may also detect contradictory data, which

calls for special algorithms to distinguish between true and false data. The individual adjustment of the different information sources and instruments is essential for the efficiency of the whole monitoring system.

3.4
CONSTRUCTION METHODS AND DESCRIPTION OF COMPLEX PROCESSES

Results from the simulation experiments have to be verified on several projects. The translation to a bigger project like a bridge superstructure with more information has to be done with consideration for gathering and evaluation of data. It has to bear in mind that even different construction methods will have an

impact as well. The individual adjustment of the different information sources and instruments is essential for the efficiency of the whole monitoring system. An open information standard can help to support this.

This suggests complete control of the construction process, but a construction is very complex for detail modeling. Better information sources as base for process modeling and data evaluation is necessary for steering processes. To analyze the combining of process modeling and data evaluation for complex projects is necessary. A tool box with different models for building processes will be created.

CHAPTER FOUR 

4.1
 CURRENT STATUS

During the last thirty-five years, a number of authors have tried to define the mathematical expression for defining cash-flow diagrams, which proved an extremely demanding task for a number of reasons lending the 'search' for a universal solution still unfinished. A typical diagram presenting the cumulative cost in relation to time for construction projects, here reduced to the ratio of 100% v. 100%, resembles the letter «S» as we have mentioned  in the preceding chapter. At the beginning of any project, during the project mobilization and organization phases, the costs grow at a slow pace. Later, when most of the work teams are engaged in the project (in various locations), the costs grow at an approximately constant rate (a relatively straight line in the center of the diagram). Towards the end of the project, when the work teams have finished their jobs, the cost growth decreases. Most of the mathematical models are based on this assumption. Over time, authors from all over the world, working under quite different conditions, have tried to define a universal cost flow forecasting model.

Their research resulted in various mathematical expressions applicable to various types of construction projects.

Traditional approaches to modeling cash flows refer to the expansion of the investment plan to include the cost-related data. Although such an approach might be appropriate in the construction phase, it is quite complex and long-lasting since it includes a large number of input parameters that primarily concern the duration and cost of particular project items and operations that are often not available to the project team during the budget allocation planning phase. The remaining possibilities include a kind of faster approach based on models defined on the basis of mathematical formulae or computer programs. These models rely on the assumption that a single formula can render useful results. This

approach demands that the user enters parameters for type, size and duration of the project.

The proposed mathematical s-curve forecasting models have an impact on the specific cash flow profile. Every project has an unlimited number of cash flow profile possibilities, which is why the assumption that each model made on the basis of a formula could render a practical forecast must be based on the degree of the technological imperative. This means that specific schedule and order of works are imposed on all contractors who wish to achieve the optimal managerial efficiency and financial performance. The forecast is obtained by entering accurate parameters in the formula. The empirical evidence however implies that there are substantial variations in cash flow profiles made for particular projects. In order to model such profiles adequately by using mathematical approaches, it is

necessary to determine the factors responsible for such variations.

The mathematical models of the kind described above are not made to process the data entered. Therefore we could say that there is a justified need to create a different forecasting model that would, in any case, be more flexible in terms of defining the scurve.

The main conclusion reached on the basis of the studied literature and the analysis of the proposed mathematical models is that only a small number of writers single out construction projects as a unique group of projects (Peer, Hudson), and that mathematical expressions for defining the s-curve give merely a rough estimate. Nevertheless, even an approach of this kind makes a good foundation for further research and analysis that will be presented in this thesis.

4.2 DATABASE PRESENTATION AND STATISTICAL INDICATORS

The data about construction projects were collected through conducting polls and

interviewing various participants in the construction process: contractors, engineering supervisors and investors. The key elements in the process of collecting data pertained to:

- agreed construction cost

- agreed construction timeframe

- actual construction cost

- actual construction timeframe

- causes of construction cost overrun

- causes of construction timeframe overrun

- monthly payments for works executed

The data about a total of 24 completed high-rise construction projects were collected for research purposes.

The time/cost relationship presented in the form of a scatter diagram clearly shows the  deviation from the agreed cost and timeframe of construction.

4.3
CURVE SHAPE ANALYSIS FOR COMPLETED HIGH-RISE CONSTRUCTION PROJECTS

This chapter defines the mathematical expressions for forecasting the s-curve on the basis of data collections. The time-cost relationship is defined for the actual situation and not the planned one, including or excluding the influence of risks, which is why two s-curves must be defined: s-curve Y' which includes the risks and s-curve Y which does not. In order to modify the Y' to form the Y s-curve, we will use the data concerning the average modification of cost (Δv) and time (Δt). The database for the completed high-rise projects used in this analysis includes the following values:

Average construction cost modification in high-rise construction project database:

ΔvP+4= + 5.57 %

Average construction timeframe modification in high-rise construction project database:

ΔtP+4= + 6.96 %

The next step defines the s-curve for the completed high-rise construction projects including risks on the basis of the regression curve.
Sample Construction Timeline 

	Design 
	3 weeks 
	Order Timbers 
	3 weeks 

	Cut Timber Frame 
	3 weeks 
	Site Work 
	6 weeks 

	Foundation, Deck 
	2 weeks 
	Frame Erecting 
	1 week 

	SIP Panel Installation 
	1 week 
	Porches, Decks 
	2 weeks 

	Doors, Windows 
	1 week 
	Roof, Siding 
	3 weeks 

	Exterior Painting 
	2 weeks 
	Interior 
	2 weeks 

	Plumbing 
	2 weeks 
	Heating 
	2 weeks 

	Electric 
	2 weeks 
	Sheetrock 
	1 week 

	Floors 
	1 week 
	Interior Painting 
	2 weeks 

	Fixtures 
	1 week 
	  
	  


The time line we show here is only a guide. We took a small to medium sized home in the 1,600 to 2,200 sq. ft. range and plugged in average times. There'll always be some areas that hold you up and others that you speed through. Things like roof valleys, roof hips, dormers, breaks in the roof line and jogs in the house always take more time. Simplicity speeds things along. 

We left out the permitting process because that varies so much from state to state. Your site work includes the driveway, the cellar hole for the foundation, backfilling under the slab, French drains, rough grading and a septic system. Site work can be done in phases throughout the construction project. 

The home foundation, backfilling and first floor deck need to be completed before our timber frame arrives to your site. We coordinate this with cutting your timber frame. 

There is some overlap of tasks! For instance, while the roof is being shingled, carpenters could build the room partitions, or while one crew is siding the house, plumbers and electricians could work inside. 

Many of these tasks could take place at the same time or in a different order. It depends on how much of the home building project you, or your general contractor is subcontracting out. Weather and the time of year you build your home will have an effect as well. Some things will take longer in cold weather. 

So, in short, construction scheduling is not an exact science. Your contractor will be able to help put together a more precise time frame. 

QUALITY MANAGEMENT

Quality Control 

Quality is defined as 'fitness to purpose', i.e. providing a product (a building) which provides an appropriate quality for the purpose for which it is intended. The price to be paid for a building is a reflection of the expectations of quality - A cheaper building probably uses inferior materials and is likely to be less attractive and less durable. The quality is also related to the timing of when it is delivered.

Quality control in the construction industry can be looked at as having three elements:
To produce a building which satisfies the client 

To produce a building where quality is related to the price. 

To produce a building in which sufficient time is allowed to obtain the desired quality. 

Like most other aspects of construction management quality control has to be planned. Planning seeks 'order' and a quality control system for a construction project reflects this sense of order. It may be seen to be in five basic stages:

Setting the quality standard or quality of design required by client. 

Planning how to achieve the required quality, construction methods, equipments, materials and personnel to be employed. 

Construct the building right first time. 

Correct any quality deficiencies. 

Provide for long term quality control through establishing systems and developing a quality culture. 

The costs of quality

It is obvious that quality is proportional to costs associated with the construction process. Costs associated with quality need to be identified for management decisions. The costs of quality can be broken down as follows:

Failure costs: The costs of demolishing and rebuilding, the cost of production time, delays to other gangs 

Appraisal costs: The cost of inspection and testing. 

Prevention costs: The costs of providing better designs, more training to reduce failure costs, more maintenance. 

Quality Assurance QA

Quality assurance is a mechanism for ensuring that the construction process takes place within the framework of a quality management system. This suggests that quality assurance defines the organization structure, tasks and duties for implementing quality management.
In 1987, the Building research establishment surveyed the quality problems on Britain's construction sites. They found that half of the faults were design related, and 40% of the problems arose from faulty construction. 10% were product failing.

Design faults

misunderstanding the client's brief to develop the design 

using information which is incorrect or out of date 

misunderstanding of the client's expectations of quality standards 

lack of co-ordination between the designers. 

Loose or inappropriate specifications 

Construction faults

Not building to drawings or specifications 

poor supervision leading to bad workmanship 

insufficient management of the quality of construction. 

In order to eliminate those potential problems many clients have looked to quality assurance to reassure them that they will get the right building without undue quality problems. 

The number of cost accounts associated with a particular project can vary considerably. For constructors, on the order of four hundred separate cost accounts might be used on a small project. These accounts record all the transactions associated with a project. Thus, separate accounts might exist for different types of materials, equipment use, payroll, project office, etc. Both physical and non-physical resources are represented, including overhead items such as computer use or interest charges. Table 12-1 summarizes a typical set of cost accounts that might be used in building construction. Note that this set of accounts is organized hierarchically, with seven major divisions (accounts 201 to 207) and numerous sub-divisions under each division. This hierarchical structure facilitates aggregation of costs into pre-defined categories; for example, costs associated with the superstructure (account 204) would be the sum of the underlying subdivisions (ie. 204.1, 204.2, etc.) or finer levels of detail (204.61, 204.62, etc.). The sub-division accounts in Table 12-1 could be further divided into personnel, material and other resource costs for the purpose of financial accounting, as described in Section 12.4. 

	TABLE 12-1  Illustrative Set of Project Cost Accounts

	201
	Clearing and Preparing Site 

	202 

202.1
202.2
202.3 

202.31
202.32
202.33
	Substructure 

Excavation and Shoring
Piling
Concrete Masonry 

Mixing and Placing
Formwork
Reinforcing

	203
	Outside Utilities (water, gas, sewer, etc.)

	204 

204.1
204.2
204.3
204.4
204.5
204.6 

204.61
204.62
204.63
204.64
204.65
204.66
204.67
204.68
204.69

204.7 

204.71
204.72
204.73
204.74
204.72
	Superstructure 

Masonry Construction
Structural Steel
Wood Framing, Partitions, etc.
Exterior Finishes (brickwork, terra cotta, cut stone, etc.)
Roofing, Drains, Gutters, Flashing, etc.
Interior Finish and Trim 

Finish Flooring, Stairs, Doors, Trim
Glass, Windows, Glazing
Marble, Tile, Terrazzo
Lathing and Plastering
Soundproofing and Insulation
Finish Hardware
Painting and Decorating
Waterproofing
Sprinklers and Fire Protection

Service Work 

Electrical Work
Heating and Ventilating
Plumbing and Sewage
Air Conditioning
Fire Alarm, Telephone, Security, Miscellaneous

	205
	Paving, Curbs, Walks

	206
	Installed Equipment (elevators, revolving doors, mailchutes, etc.)

	207
	Fencing


In developing or implementing a system of cost accounts, an appropriate numbering or coding system is essential to facilitate communication of information and proper aggregation of cost information. Particular cost accounts are used to indicate the expenditures associated with specific projects and to indicate the expenditures on particular items throughout an organization.

	TABLE 12-3  An Example of a Project Budget for a Wharf Project (Amounts in Thousands of Dollars)

	
	Material Cost
	Subcontract Work
	Temporary Work
	Machinery Cost
	Total Cost

	Steel Piling
Tie-rod
Anchor-Wall
Backfill
Coping
Dredging
Fender
Other
Sub-total
	$292,172
88,233
130,281
242,230
42,880
0
48,996
       5,000
$849,800
	$129,178
29,254
60,873
27,919
22,307
111,650
10,344
     32,250
$423,775
	$16,389
0
0
0
13,171
0
0
             0
$29,560
	$0
0
0
0
0
0
1,750
           0
$1,750
	$437,739
117,487
191,154
300,149
78,358
111,650
61,090
        37,250
$1,304,885

	Summary
Total of direct cost
Indirect Cost
  Common Temporary Work
  Common Machinery
  Transportation
  Office Operating Costs
    Total of Indirect Cost
      Total Project Cost
	
$1,304,885

19,320
80,934
15,550
294,458
     410,262.
$1,715,147




The current status of the project is a forecast budget overrun of $5,950. with 23 percent of the budgeted project costs incurred to date. 

	TABLE 12-4  Illustration of a Job Status Report

	Factor
	Budgeted Cost
	Estimated Total Cost
	Cost Committed
	Cost Exposure
	Cost To Date
	Over or (Under)

	Labor
Material
Subcontracts
Equipment
Other
Total
	$99,406
88,499
198,458
37,543
   72,693
496,509
	$102,342
88,499
196,323
37,543
   81,432
506,139
	$49,596
42,506
83,352
23,623
   49,356
248,433
	---
45,993
97,832
---
            ---
143,825
	$52,746
---
15,139
13,920
   32,076
113,881
	$2,936
0
(2,135)
0
   8,739
5,950


For project control, managers would focus particular attention on items indicating substantial deviation from budgeted amounts. In particular, the cost overruns in the labor and in the "other expense category would be worthy of attention by a project manager in Table 12-4. A next step would be to look in greater detail at the various components of these categories. Overruns in cost might be due to lower than expected productivity, higher than expected wage rates, higher than expected material costs, or other factors. Even further, low productivity might be caused by inadequate training, lack of required resources such as equipment or tools, or inordinate amounts of re-work to correct quality problems. Review of a job status report is only the first step in project control. 

The job status report illustrated in Table 12-4 employs explicit estimates of ultimate cost in each category of expense. These estimates are used to identify the actual progress and status of a expense category. Estimates might be made from simple linear extrapolations of the productivity or cost of the work to date on each project item. Algebraically, a linear estimation formula is generally one of two forms. Using a linear extrapolation of costs, the forecast total cost, Cf , is:

	(12.1)
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where Ct is the cost incurred to time t and pt is the proportion of the activity completed at time t. For example, an activity which is 50 percent complete with a cost of $40,000 would be estimated to have a total cost of $40,000/0.5 = $80,000. More elaborate methods of forecasting costs would disaggregate costs into different categories, with the total cost the sum of the forecast costs in each category. 

Alternatively, the use of measured unit cost amounts can be used for forecasting total cost. The basic formula for forecasting cost from unit costs is:

	(12.2)
	[image: image2.png]





where Cf is the forecast total cost, W is the total units of work, and ct is the average cost per unit of work experienced up to time t. If the average unit cost is $50 per unit of work on a particular activity and 1,600 units of work exist, then the expected cost is (1,600)(50) = $80,000 for completion. 

The unit cost in Equation (12.2) may be replaced with the hourly productivity and the unit cost per hour (or other appropriate time period), resulting in the equation:

	(12.3)
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where the cost per work unit (ct) is replaced by the time per unit, ht, divided by the cost per unit of time, ut. 

More elaborate forecasting systems might recognize peculiar problems associated with work on particular items and modify these simple proportional cost estimates. For example, if productivity is improving as workers and managers become more familiar with the project activities, the estimate of total costs for an item might be revised downward. In this case, the estimating equation would become:

	(12.4)
	[image: image4.png]Cr =G (W -w,)e






where forecast total cost, Cf, is the sum of cost incurred to date, Ct, and the cost resulting from the remaining work (W - Wt) multiplied by the expected cost per unit time period for the remainder of the activity, ct. 

As a numerical example, suppose that the average unit cost has been $50 per unit of work, but the most recent figure during a project is $45 per unit of work. If the project manager was assured that the improved productivity could be maintained for the remainder of the project (consisting of 800 units of work out of a total of 1600 units of work), the cost estimate would be (50)(800) + (45)(800) = $76,000 for completion of the activity. Note that this forecast uses the actual average productivity achieved on the first 800 units and uses a forecast of productivity for the remaining work. Historical changes in productivity might also be used to represent this type of non-linear changes in work productivity on particular activities over time. 

Information from the general ledger is assembled for the organization's financial reports, including balance sheets and income statements for each period. These reports are the basic products of the financial accounting process and are often used to assess the performance of an organization. Table12-5 shows a typical income statement for a small construction firm, indicating a net profit of $ 330,000 after taxes. This statement summarizes the flows of transactions within a year. Table 12-6 shows the comparable balance sheet, indicated a net increase in retained earnings equal to the net profit. The balance sheet reflects the effects of income flows during the year on the overall worth of the organization. 

	TABLE 12-5  Illustration of an Accounting Statement of Income

	Income Statement
for the year ended December 31, 19xx

	Gross project revenues

Direct project costs on contracts
Depreciation of equipment
Estimating
Administrative and other expenses
   Subtotal of cost and expenses

Operating Income
Interest Expense, net
   Income before taxes
Income tax
   Net income after tax
Cash dividends
   Retained earnings, current year
Retention at beginning of year
Retained earnings at end of year
	$7,200,000

5,500,000
200,000
150,000
    650,000
6,500,000

700,000
    150,000
550,000
    220,000
330,000
    100,000
230,000
    650,000
$880,000.</< td>


	TABLE 12-6  Illustration of an Accounting Balance Sheet

	Balance Sheet
December 31, 19xx

	Assets
	Amount

	    Cash
    Payments Receivable
    Work in progress, not claimed
    Work in progress, retention
    Equipment at cost less accumulated depreciation
        Total assets
	$150,000
750,000
700,000
200,000
1,400,000
$3,200,000

	Liabilities and Equity

	Liabilities
    Accounts payable
    Other items payable (taxes, wages, etc.)
    Long term debts
        Subtotal
Shareholders' funds
    40,000 shares of common stock
        (Including paid-in capital)
    Retained Earnings
        Subtotal
            Total Liabilities and Equity
	
$950,000
50,000
    500,000
1,500,000


820,000
    880,000
1,700,000
$3,200,000


Example 12-5: Calculating net profit 

As an example of the calculation of net profit, suppose that a company began six jobs in a year, completing three jobs and having three jobs still underway at the end of the year. Details of the six jobs are shown in Table 12-7. What would be the company's net profit under, first, the "percentage-of-completion" and, second, the "completed contract method" accounting conventions? 

	TABLE 12-7  Example of Financial Records of Projects

	Net Profit on Completed Contracts (Amounts in thousands of dollars)

	Job 1
Job 2
Job 3
    Total Net Profit on Completed Jobs
	$1,436
356
     - 738
$1,054

	Status of Jobs Underway
	Job 4
	Job 5
	Job 6

	Original Contract Price
Contract Changes (Change Orders, etc.)
Total Cost to Date
Payments Received or Due to Date
Estimated Cost to Complete
	$4,200
400
3,600
3,520
500
	$3,800
600
1,710
1,830
2,300
	$5,630
- 300
620
340
5,000


As shown in Table 12-7, a net profit of $1,054,000 was earned on the three completed jobs. Under the "completed contract" method, this total would be total profit. Under the percentage-of completion method, the year's expected profit on the projects underway would be added to this amount. For job 4, the expected profits are calculated as follows: 

	Current contract price
	= Original contract price + Contract Changes
= 4,200 + 400 + 4,600

	Credit or debit to date
	= Total costs to date - Payments received or due to date
= 3,600 - 3,520 = - 80

	Contract value of uncompleted work
	= Current contract price - Payments received or due
= 4,600 - 3,520 = 1,080

	Credit or debit to come
	= Contract value of uncompleted work - Estimated Cost to Complete
= 1,080 - 500 = 580

	Estimated final gross profit
	= Credit or debit to date + Credit or debit to come
= - 80. + 580. = 500

	Estimated total project costs
	= Contract price - Gross profit
= 4,600 - 500 = 4,100

	Estimated Profit to date
	= Estimated final gross profit x Proportion of work complete
= 500. (3600/4100)) = 439


Similar calculations for the other jobs underway indicate estimated profits to date of $166,000 for Job 5 and -$32,000 for Job 6. As a result, the net profit using the "percentage-of-completion" method would be $1,627,000 for the year. Note that this figure would be altered in the event of multi-year projects in which net profits on projects completed or underway in this year were claimed in earlier periods. 
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Figure 9-2  Illustrative Hierarchical Activity Divisions for a Roadway Project
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Figure 9-3  Illustrative Set of Four Activities with Precedences

More complicated precedence relationships can also be specified. For example, one activity might not be able to start for several days after the completion of another activity. As a common example, concrete might have to cure (or set) for several days before formwork is removed. This restriction on the removal of forms activity is called a lag between the completion of one activity (i.e., pouring concrete in this case) and the start of another activity (i.e., removing formwork in this case). Many computer based scheduling programs permit the use of a variety of precedence relationships.
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Figure 9-4  Example of an Impossible Work Plan
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Figure 9-6  Activity-on-Node Representation of a Nine Activity Project
	TABLE 9-2  All Activity Precedence Relationships for a Nine-Activity Project

	Predecessor Activity
	Direct Successor Activities
	All Successor Activities
	All Predecessor Activities

	A
B
C
D
E
F
G
H
I
	C,D
E,F
E,F
G,H
G,H
I
I
---
---
	E,F,G,H,I
G,H,I
G,H,I
I
I
---
---
---
---
	---
---
A
A
A,B,C
A,B,C
A,B,C,D,E
A,B,C,D,E
A,B,C,D,E,F,G
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Figure 9-7  Illustration of Productivity Changes Due to Learning
At the highest level, adjustments for overall effects such as weather are introduced. Also shown in Figure 9-8 are nodes to estimate down or unproductive time associated with the masonry construction activity. The formalization of the estimation process illustrated in Figure 9-8 permits the development of computer aids for the estimation process or can serve as a conceptual framework for a human estimator. 

	TABLE 9-4  Maximum Productivity Estimates for Masonry Work

	Masonry unit size
	Condition(s)
	Maximum productivity achievable

	8 inch block
	None
	400 units/day/mason

	6 inch
	Wall is "long"
	430 units/day/mason

	6 inch
	Wall is not "long"
	370 units/day/mason

	12 inch
	Labor is nonunion
	300 units/day/mason

	4 inch
	Wall is "long"
Weather is "warm and dry"
or high-strength mortar is used
	480 units/day/mason

	4 inch
	Wall is not "long"
Weather is "warm and dry"
or high-strength mortar is used
	430 units/day/mason

	4 inch
	Wall is "long"
Weather is not "warm and dry"
or high-strength mortar is not used
	370 units/day/mason

	4 inch
	Wall is not "long"
Weather is not "warm and dry"
or high-strength mortar is not used
	320 units/day/mason

	8 inch
	There is support from existing wall
	1,000 units/day/mason

	8 inch
	There is no support from existing wall
	750 units/day/mason

	12 inch
	There is support from existing wall
	700 units/day/mason

	12 inch
	There is no support from existing wall
	550


	TABLE 9-5  Possible Adjustments to Maximum Productivities for Masonry Construction/caption> Impact


	Condition(s)
	Adjustment magnitude
(% of maximum)

	Crew type
	Crew type is nonunion
Job is "large"
	15%

	Crew type
	Crew type is union
Job is "small"
	10%

	Supporting labor
	There are less than two laborers per crew
	20%

	Supporting labor
	There are more than two masons/laborers
	10%

	Elevation
	Steel frame building with masonry exterior
wall has "insufficient" support labor
	10%

	Elevation
	Solid masonry building with work on exterior uses nonunion labor
	12%

	Visibility
	block is not covered
	7%

	Temperature
	Temperature is below 45o F
	15%

	Temperature
	Temperature is above 45o F
	10%

	Brick texture
	bricks are baked high
Weather is cold or moist
	10
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Figure 9-8  A Hierarchical Estimation Framework for Masonry Construction
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Figure 9-9  Beta and Normally Distributed Activity Durations

CHAPTER FIVE 

CONCLUSION

The data about a total of 24 completed construction projects were collected for research purposes. In addition to the basic data about the construction buildings in question (type of building, period of construction, agreed and actual cost of construction, agreed and actual duration of construction), the data about monthly (scheduled) costs of construction were added, on the basis of which the necessary data for modeling a time-cost curve for each of the completed projects were obtained.

As it was expected, deviations between the planned and the actual timeframes, as well as the planned and the actual costs of construction occurred in most cases.

The risk factor data and the impact of risks on the actual final cost of construction and the actual final timeframe were collected as well. The data were obtained on the basis of interviewing various participants in the construction process (engineering supervisors, investors, architects and contractors) who defined the type and the intensity of impacts during the construction.

In the process of modeling the s-curve manifold statistical methods and techniques were  utilized. We used several statistical packages for data processing, mainly the SPSS packages. Several different models have been considered, yet the polynomial curve of the following shape proved best for statistical purposes.

The survey shows that most projects encounter cost and time over-runs (Williams Ackermann, Eden, 2002,pl92). According to Wright (1997)'s research, a good rule of thumb is to add a minimum of 50% to every time estimate, and 50% to the first estimate of the budget (Gardiner and Stewart, 1998, p251). It indicates that project is very complex and full of challenge. Many unexpected issues will lead the project cost and time over-runs. Therefore, many technologies and methods are developed for successful monitoring and control to lead the project to success. In this article, we will discuss in the construction phase, how can a project manager to be successful in time and budget control. Another part we will discuss what pitfalls will wait for the manager in his endeavors to monitor and control the project.

For the purpose of achieving time and cost target, the manager need to set up an efficient management framework including: reporting structure, assessing progress, and communication system. The employees' responsibility and authority need to be defined in the reporting structure. The formal and informal assessing progress can help getting a general perspective between reality and target. It is significant to help identify what is the risk and should be monitored and controlled. Project success is strongly linked to communication. The efficient communication system benefit for teamwork and facilitate problem solving ( Diallo and Thuillier, 2005 ).

In construction phase, many activities are carried out based on the original plan. It is need to know what kind of activities or things are most likely to lead the project delay and disruption. Therefore, the first step is ranking the priority of the activities. Because the duration of a project is determined by the total time of activities on critical path, any delay in an activity on the critical path will cause a delay in the completion date for the project (Ackermann Eden, Howick and Williams,2000,p295). Therefore, the activities on critical path should firstly to be monitored and controlled. Secondly, monitoring the activities with no free float remaining, a delay in any activity with no free float will delay some subsequent activity inevitably. These subsequent delays will discomfit the resource schedule significantly. Some resources are unavailable because they are committed elsewhere. Thirdly, monitoring the activities with less than a specified float, because if an activity has very little float, it might use up the time before control decision is made once such an activities has a variance with the target. Fourthly, managers should monitor high risky activities. High risky activities are most likely to overrun or overspend. Fifthly, managers should monitor the activities using critical resource. Some resource is critical because they are very expensive or limited (Cotterell and Hughes, 1995)
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