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INTERNATIONAL COMPARISON OF COST FOR THE CONSTRUCTION SECTOR

Introduction and Background

In a study conducted by the authors in 2002 a construction-component-based approach, termed basket of construction components (BOCC), was proposed for the construction sector comparisons in the International Comparison Program (ICP). Additional investigation of this approach was conducted by these authors in early 2004. Supported by the African Development Bank Group and the World Bank Group the BOCC approach was tested in the context of the African construction economy, in order to attempt to develop necessary geographic and economic diversity to aid in the development of an implementation framework. After that work was reported (Walsh and Sawhney 2004), additional implementation details were still needed, and there was some thought that consideration of a more heterogeneous economic environment could be beneficial. Additional fieldwork was therefore conducted in Asia, supported by the World Bank Group, in the summer of 2004. Based on the preliminary reports from that field work and the reported results from the African study, in September 2004 the Technical Advisory Group for the International Comparison Program recommended the use of the BOCC for construction sector price comparisons and calculation of purchasing power parity (PPP) values.

This report provides a summary of all of the fieldwork conducted in 2004, along with a summary of the findings of the two studies conducted. The primary motivation for this report, however, is to convey a number of implementation details for the use of the BOCC in construction price comparisons. These include a number of proposed Structured Product Descriptions (SPDs), a brief summary of the intended use of these tools, a proposed methodology for obtaining the remaining SPD’s required, some discussion of capacity-building features of the method inherent in the potential use of the BOCC for temporal indices within a country or region, and some notes on the analysis of prices collected. This report complements the work previously completed under the auspices of the African Development Bank Group and the World Bank (Walsh and Sawhney 2004). Readers interested in obtaining more background information about construction sector price comparisons and conceptual information about the BOCC approach can refer to the 2002 and 2004 report produced by the authors.
Brief summary of field work

Fieldwork related to the development of this report was conducted over two time periods. Visits to African nations were conducted in February and March, 2004, supported by the African Development Bank. Seven African countries were visited, as shown in Figure 1 and Table 1. The visits were arranged at the invitation of the National Statistical Offices in the respective nations, under the auspices of the African Development Bank Group. Visits to Asian countries were conducted in August of 2004, supported by the World Bank and arranged with the assistance of the Asian Development Bank. Five Asian countries were visited, as shown in Figure 2 and listed in Table 1.
Field visits were conducted to obtain several kinds of information, including:

· An understanding of the means, methods, and materials of construction in use in the respective nations. Photographic documentation of several construction sites was obtained in each nation (except in Egypt where government policy disallows photography of state buildings by foreign nationals). In addition, discussions with architects, engineers or construction managers were conducted regarding standard construction details in several systems. In Asia, Ministry of Publics Works (or equivalent) officials were visited.

· An understanding of the construction economy in each nation, in particular the extent and capability of construction companies in the respective nations.

· Some general ideas for sources of pricing information or construction cost values, if available.

· An understanding of the process used by the National Statistical Office for developing price statistics in the construction sector, in particular in regards to the International Comparison Program.

Table 1: Visits by Authors in Support of this Work

	Country
	Visitor
	Dates of Visit

	Tunisia
	Walsh
	February 10-16, 2004

	Egypt
	Walsh
	February 16-21, 2004

	South Africa
	Sawhney
	February 21-24, 2004

	Ghana
	Walsh
	February 21-24, 2004

	Rwanda
	Sawhney
	February 25-29, 2004

	Cameroon
	Sawhney
	March 1-4, 2004

	Kenya
	Sawhney
	March 5-8,2004

	Kuwait
	Walsh
	August 14-16, 2004

	India
	Sawhney
	August 16-21, 2004

	Jordan
	Walsh
	August 16-19, 2004

	Philippines
	Walsh
	August 20-25, 2004

	China
	Sawhney
	August 22-27, 2004
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Figure 1: Geographic Distribution of Visits on the African Continent (shaded countries were visited)
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Figure 2: Geographic Distribution of Visits in Asia (shaded countries were visited)

The overall objective of these visits was to identify components of sufficient similarity between countries that they could serve as portions of the BOCC (Figure 3).
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Figure 3: Relationship between Field Visits and Project

In order to ensure that the eventually-selected components were representative and comparable, it was necessary to make direct observations of methods on the ground, as this kind of detailed information is not found in archived documents, texts, or other secondary sources. Equally important to the observation of similar components is the identification and appreciation of dissimilar components. For example, the materials and methods used for exterior building envelopes differed dramatically among the various countries visited. Based on this observation, it is quite clear that a representative set of components or projects for pricing based on the exterior building envelope would be very problematic to develop. Concrete construction techniques were ubiquitous in the visits conducted for this project.

In advance of the visits, the National Statistical Offices in each country received the following summary of possible questions:

1. Describe the process you use to obtain prices for the construction sector price comparison. It may be helpful as a means of providing context to this question to describe the process used for the standard projects method in the last round of ICP data collection. Is the process you use for obtaining prices in the construction sector similar to that you use in the other sectors?

2. Describe your opinions of the standard projects method. Did the method work well, in your opinion? Why or why not?  Did the method require allocation of resources to obtain the necessary prices? Do you have confidence in the results? It may be necessary and appropriate to have different opinions regarding the different projects.

3. Provide general descriptive statistics about the construction industry in your country?  These would include the approximate size of the industry by turnover or percentage of GDP, the approximate number of citizens employed in this sector, and the approximate number of construction companies. Preferably, this information could be broken down into construction materials suppliers and construction contractors. If possible, please estimate the percentage of construction contracts completed by companies native to the country, compared to those completed by companies from abroad. Similarly, what fraction of construction materials are manufactured primarily in-country, versus imported, and what types of construction materials must be imported? 

4. What percentage of construction is financed by the government as compared to private individuals (may vary by sector, i.e., residential, non-residential, and civil works)? 

5. To what extent are construction material prices controlled by government intervention?

6. In the residential sector, roughly what percentage of housing is owner-constructed, and of this what percentage might be composed largely of found materials?

Items of interest on construction sites:

1. Foundations under construction at residential (single and multi-family) and office buildings (or other commercial), roadways. Under ideal circumstances, we would like to observe some construction while it is actually occurring, in order to get a sense of labor and equipment requirements.

2. If possible, copies of plans or blueprints for projects observed, showing dimensions and relevant specifications for these specific elements. That is, a copy of the structural plan sheets showing the foundation detail, the foundation plan, and relevant specifications covering, for example, structural concrete and reinforcing steel, would be desirable.

3. What safety equipment do workers commonly use?  What kinds of training are offered to workers?

In no case were all of these details available in each country. The visits were, by design, intended to develop largely qualitative understanding of the industries rather than quantitative results. 

In pursuit of these details, country visits included some or all of the following:

· Meetings with the National Statistical Office

· Meetings with construction managers, engineers, architects, Ministry of Public Works officials, or other representatives of the construction industry

· Visits to construction sites

· Visits to outlets for the sale of construction materials

· Visits to retail outlets for other (non-construction) consumer goods.

Summary of Findings from Field Investigations
The field visits allowed the authors to study directly the degree of variability in construction means and methods under the influences of different geographic and economic settings. Summarizing, the authors made the following observations. Additional discussion of these items will follow.
· Major differences in construction methods and materials were observed at the construction project level. Very wide differences were observed in the areas of level of mechanization, documentation and record-keeping, inspection for quality control and assurance, and worker safety systems. 
· For many construction components (defined in detail in Walsh and Sawhney 2004), there were clear similarities at the construction component level, even if differences were noted at the project level.
· A significant majority of the countries visited currently produce temporal indices for the construction sector; using a basket of goods and services (BOGS) approach. At present there is little or no overlap between the data collection activities related to such indices and either the data required for the ICP in its current formulation or the temporal indices used by other countries. Because these indices rely on a BOGS formulation, they ignore construction productivity, which may be appropriate for short-term comparisons within a country.
· Numerous national resources such as public works departments, construction industry associations, construction industry experts, etc., are available in each country to provide advice and guidance on price comparison issues. Numerous publish pricing data sources produced by public and private groups were also generally seen to be available.
· A number of methods are currently in use for obtaining data for the national accounts pertaining to construction, the apparent codification suggested by the System of National Accounts (SNA) notwithstanding.
Observations Relating to Construction Means and Methods

As suggested in the brief summary of results above, a number of differences in construction means and methods were observed at a high level when considering the construction project. The visit to Asia confirmed or extended the findings from the African field work. Differences noted were too numerous for an exhaustive summary here, but a few examples will be presented. Significant differences were particularly noted in the degree of mechanization (that is, the degree to which construction equipment is used to replace labor). A wide range of concrete mixing methods were observed. Figure 4 illustrates methods ranging from hand mixing of all concrete in small batches in wheel barrows (Cameroon), to use of field equipment to mix small batches (Tunisia, India and Kenya), to use of ready-mix trucks for concrete batched at a central location (India). 
[image: image4.png]



Figure 4: Different Methods of Mixing Concrete (from CW: Yaoundé,, Tunis, Delhi, Nairobi, and Delhi)

There were also different approaches to the vertical transportation of goods on project was found to range through a wide range of possibilities from country to country. Figure 5 shows examples ranging from tower and truck mounted cranes to hand transport using ladders. The labor productivity which will result from these different situations will be significantly different. 
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Figure 5: Different Modes of Vertical Transportation (from CW: Tunis, Amman, Accra, and Chennai)
Excavation approaches were also quite variable. Excavation for foundations in commercial buildings or civil engineering projects was quite equipment intensive in most locations visited. However, in some instances hand labor was used instead for such applications, both in Africa and in Asia. Examples of this range in approaches are presented in Figure 6.

[image: image6]
Figure 6: Excavation Methods Observed (CW from top Amman, Accra, Kuwait)
It is interesting to note that there was a significant variation in the attention paid to construction worker safety across the various countries visited. It is easy to see from Figure 7 that, judging simply by the willingness to allow individuals to participate with many different levels of personal protective equipment, that there is a range of management burden (and thus overhead cost) associated with safety.
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Figure 7: Observed Range in Requirements for Personal Protective Equipment (CW from top left Philippines, Kuwait, Tunisia, India, India, and Rwanda)
Description of the BOCC Method

The BOCC method that will be used in the construction sector comparisons for the ICP relies on the collection of prices of selected construction components. A construction component under the BOCC approach is a production unit (e.g. a reinforced concrete column, 100 square meter cement plaster) which can be fully defined as a portion of a complete construction project. The construction component thus falls between a construction project (e.g., a single-family residential unit) and a construction work item (e.g. a piece of reinforcing steel). The construction component can be thought of as an aggregation of several construction work items, including the material actually put in place (e.g. concrete, steel, or lumber), the labor (e.g. masons, plumbers, or carpenters) and equipment (e.g. dozers, cranes, or dump trucks) required to accomplish that task, and any consumables that might be required (e.g. formwork, blades, or waste lumber). Because the labor, equipment, and consumables are directly included in the price, the construction component also inherently accommodates differences in productivity, the labor equipment tradeoff, and differences in means and methods of construction. Due to the inherent nature of the selected construction components they are relatively more comparable and representative as compared to a construction project. Another unique feature of the BOCC method is that some of the components can be priced inter-temporally. This feature exists because construction components are selected based on their ubiquity in the construction enterprise. As a result, construction components for which prices are collected tend to be composed of materials which are very common globally, such as steel, concrete, etc. Because such constituent materials are so commonly used in the construction components, these materials are also made into stand-alone components. Using such components, and collecting prices for a number of component materials and labor categories, it is possible to build up the component prices for several components. Thus, at a level of effort commonly employed for the calculation of temporal indices in a number of countries, prices of a handful of the BOCC components are priced a number of times in a given year to account for fluctuations in prices over time in a given country. This feature of the BOCC allows countries to see a clear connection between the ICP and their inter-temporal construction indices. This becomes even more beneficial in countries where the BOCC method is adapted as an inter–temporal price index.
Hierarchical Structure of BOCC
In order to describe the implementation details of the BOCC approach it is important to describe the underlying hierarchy of a construction project as it pertains to the BOCC approach. Within the context of BOCC approach a construction project is broken into a number of construction systems and in turn each construction system is decomposed into a number of construction components. Following is a list of generic terms with concept-level definitions for these three levels of breakdown:

· Project: the entirety of a construction enterprise, resulting in a relatively well defined facility for essentially a single purpose. Examples include the construction of a building, the construction of a campus of buildings more-or-less simultaneously, or the construction of a section of roadway including interchanges, bridges, and drainage appurtenances.

· System: a set of related components within a project that satisfy a given function. For example, the structural system within a building is intended to denote that set of components that serve the purpose of supporting the building, and would include foundations, columns, beams, girders, purlins, headers, and so on. It would not include the heating and ventilation equipment or non-structural exterior cladding.

· Component: a combination of materials in their final intended location which can be clearly identified to a simple purpose within the project; the building blocks of a system. For example, a column. A component will in general consist of some materials manipulated in some way, transported to a final location at the project site, and connected to other components with labor and equipment as appropriate to means and methods employed in a given country.

The relationship between projects, systems, and components is depicted in Figure 8. In this figure a hypothetical project is shown to consist of three systems. Each system is further broken down into its constituent components; with each component made up of material, labor and equipment. In essence, this taxonomy supports a hierarchical discretization of the project into smaller “chunks”. The cost contribution of each component to the total system and project costs can then be developed, using standard construction cost estimating and accounting principles, by rolling up along the branches of the tree (Table 2). Costs for any given component can be developed from the unit costs of materials (including any necessary consumables) and the expected quantity of materials to create that component, labor rates and labor factors, and equipment rates and factors. Construction cost estimators are very skilled and experienced in making these calculations.
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Figure 8: Project, System, and Component Hierarchy

Table 2: Schematic Project Cost Development from Component Price Estimates (in percentage)

	Project
	100.00

	System1
	26.00

	Component-1
	5.00

	Component-2
	13.00

	Component-3
	8.00

	System2
	34.50

	Component-4
	14.50

	Component-5
	2.00

	Component-6
	5.00

	Component-7
	13.00

	System3
	39.50

	Component-8
	13.00

	Component-9
	13.00

	Component-10
	13.50


It is crucial to understand the linkage between the hierarchical breakdown explained above and the ICP classification pertaining to the construction sector. To begin this explanation it is important to place the construction sector within the ICP framework. In the ICP framework construction sector falls under the Gross Fixed Capital Formation (GFCF) aggregate, one of the seven main aggregates under the 2004 ICP classification. GFCF consists of three categories one of them being construction. In many of the ICP categories there are further breakdowns under categories into groups, classes and finally basic headings going from more aggregated to more detailed. At present, under the construction category there are only three basic headings—namely residential, non-residential and civil work. This classification system is shown in a graphical fashion in Figure 9. In previous rounds of ICP construction sector PPP values were derived at the residential, non-residential, and civil works basic headings. Standard construction projects under the basic headings were used to perform the price comparisons and obtain PPP values. For this purpose expenditure values were approximated for the residential, non-residential, and civil works basic headings. Under the BOCC approach this procedure can be improved by obtaining the expenditure at the construction system level.
The residential, non-residential, and civil works sectors are essentially a conglomeration of different types of construction projects. For example the residential sector consists of single family residential units, multi-family residential units and other types of residential construction projects. Therefore under the BOCC approach the three sectors can be further broken down into their appropriate construction systems. From these construction systems comparable and representative construction components can be identified for inclusion in a basket. Figure 10 shows the new classification system for construction under the BOCC approach. The basic heading level for the BOCC approach is the construction system level making the calculations of the PPP values relatively more robust.
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Figure 9: Classification system pertaining to construction for ICP 2004
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Figure 10: Classification system under the BOCC Approach

From the above description it is clear that the BOCC approach requires pricing of three baskets of construction components. Each basket consists of up to 20 construction components reflective of types of construction projects under the corresponding construction sector. Structured Product Descriptions (SPDs) for the construction components in each of the three baskets facilitate the price collection process. After the prices are collected the PPP calculations are performed using expenditure weights as described in the next section.
Expenditure Weights for BOCC Approach

As explained earlier the BOCC approach provides an additional level of refinement for the construction sector PPP calculations. Whereas earlier the construction sector expenditures were distributed amongst the residential, non-residential, and civil works sector, under the BOCC approach the expenditure weights will be available at the construction system level (as shown in Figure 10). For the BOCC approach, the following three steps are required to handle the expenditure weights:

1. The construction components are deemed to be at a level that their quantities and expenditures can not be determined from national accounts. As such the estimation of elementary PPP for these components can be purely on the basis of the price observations using methods described in the ICP 2004 Handbook. It is envisioned that the components are aggregated using a geometric mean as described in the handbook. This level of construction comparison becomes a binary comparison. Aggregation could be performed using any standard method such as the quasi-EKS method. Wherever prices are not provided by the countries the Country Product Dummy (CPD) approach can be used to statistically determine missing data. The aggregation at this level will yield PPP values for the various identified construction systems;

2. The second level of aggregation, and perhaps the most important one, will occur at the system level where predetermined country weights will be used. Using the residential construction sector as an example, first aggregation of components will occur system by system (as explained in 1 above) and then systems will be aggregated based on their relative weights within the sector. These relative weights are percentage contributions to the total cost of a construction project by the corresponding construction systems. Because the relative cost of components included in the baskets compared to those components not included, and compared to other components in other systems, will vary from country to country, and because these variations might not be predictable or equivalent, construction system weights will be developed country by country. Further, because the BOCC can be used to contribute to capacity-building in the development of temporal indices, the ability to weight construction systems in a manner consistent with expenditure patterns in a given country is a critical facet of the overall approach. In order to develop the construction system weights in each country, the following procedure will be used:

· Countries will obtain pricing information (Bills of Quantity) for completed projects for each of the three sectors
· This pricing information will be compiled by construction system and a percentage price contribution by construction system will be obtained
A detailed description of the process used will be provided in the operations manual. Once construction system weights are known they will be used to aggregate PPP values by construction sector. Additionally these weights will be available to countries who are interested in adapting the BOCC approach for their national inter-temporal construction indices; and
3. Construction sector PPPs will be derived by aggregating residential, non-residential, and civil engineering works basic headings. This level of aggregation will be performed using the processes currently used by experts within countries as part of the national accounts process.
This approach of expenditure weights is described with the help of a hypothetical example. This example is shown in Table 3. In the hypothetical example the basket (representing one of the construction sectors) used for comparison consists of four systems. Each system is further broken down into its respective components as shown in the table. Pricing data is collected from four countries in a given region. The pricing data collected is summarized in the table. Clearly some countries in this example were not able to collect prices for certain components and certain components that were priced were not representative of the local construction. In this hypothetical example the first step will be to statistically determine the missing price information using existing and tested methods such as CPD. Once all the pricing information is available comparisons of components can be performed. The component comparison will be conducted system by system i.e. components 1, 2 and 3 will  be aggregated separately for system 1, components 4, 5 and 6 will be aggregated for system 2 and so on. After completing this step construction system level PPPs will be known. At the system level aggregation will be performed using system weights. Table 4 shows hypothetical system weights. Using these weights the systems can be aggregated. Once the system level aggregation is complete the basic heading level PPPs can established. So for example if this hypothetical basket is assumed to represent the civil engineering works sector the PPP values calculated using the process explained above will provide PPPs for civil engineering work.

Table 3: Sector, System, and Component Aggregation for BOCC

	System
	Component
	Country A
	Country B
	Country C
	Country D

	System 1
	Component 1
	DR1
	DNR2
	DR
	ND3

	
	Component 2
	DR
	DR
	DNR
	ND

	
	Component 3
	DR
	DR
	DR
	DNR

	System 2
	Component 4
	DR
	ND
	DR
	DR

	
	Component 5
	DR
	DR
	DR
	DR

	System 3
	Component 6
	ND
	DR
	DR
	DNR

	System 4
	Component 7
	DNR
	DR
	DR
	DR

	
	Component 8
	ND
	DR
	DR
	DR

	
	Component 9
	DNR
	DR
	DR
	DR

	
	Component 10
	DR
	DNR
	DR
	DR


1 DR means price data available and representative; 2 DNR means price data available but not representative and 3 ND means no price data available

Table 4: System Weights for the Hypothetical Example

	System
	Percentage Weight

	System 1
	12 %

	System 2
	25 %

	System 3
	28 %

	System 4
	35 %


Use of the SPD Documents

As described earlier the BOCC approach will require pricing of components in three different baskets. Each component in turn will be described in detail in the form of a SPD. Construction components SPDs follow the general format used by the Global Office for items in other sectors. From a price collection perspective it is important to delineate the information provided in the construction component SPDs. The SPD’s attached in the appendix consist of separate areas for conveying information about what is to be priced, obtaining qualitative/quantitative information about the pricing data provided, and obtaining the pricing data itself. For purposes of this section, the column footing SPD is used as an example, but the process described in this section would be typical of that followed for other SPD’s.

The SPD conveys a brief description of the component to be priced, either in text or in a construction drawing. In construction parlance the textual information is called a “specification”. A specification conveys information about the material and quality requirements for a given component. In the case of the column footing SPD, the footing geometry (width and thickness of each material) is conveyed on the drawing (Figure 11 (b)). From this information, the quantity of each material comprising the component is fixed. The specification portion of the SPD (Figure 11 (a)) provides additional requirements such as, for example, the material properties, and ancillary information about the project to allow consistent pricing, especially in terms of volume flexibility. The specification is inherently rather technical in nature, and conveys information about quality requirements.
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Figure 11: Descriptive Portion of SPD

The next portion of the SPD obtains more details about the quality characteristics that were actually used in the assignment of a price for the component. In an effort to improve representativity, many of the SPD’s were specified flexibly, which is to say the specification information provided only that the price be appropriate to a typical condition one might expect to see in the country. In such cases, comparability concerns may require after-the-fact correction of the price provided based on the engineering principles related to the property of interest. For example, in the case of the footing, in order to provide representativity the concrete strength is not specified in the SPD, but should be reflective of values customarily used in normal practice within the country of interest. As a consequence, the person providing pricing will be asked to provide the concrete strength (Figure 12) they were working with in developing the cost. Later, once all prices are collected, a simple correction can be used to convert prices at difference concrete strengths to the value that would be appropriate at a given concrete strength. This correction will take the form of a percentage adjustment, as the principal cost determinant is the percentage by weight of cement used, and this is also the principal strength determinant.


[image: image12]
Figure 12: Product Characteristics portion of SPD

The balance of the SPD is dedicated to collection of the actual price for the component. Because the price is built up from the costs of the constituent parts, the required labor, and the required equipment, the cost collection portion is divided accordingly. Construction expertise will be required to obtain some of the required data. However, portions requiring construction-specific expertise may be filled out only nationally after every two ICP cycles and the SPD may still be used at other times using methods more commonly employed by price survey personnel within a National Statistical Office. The information which must be provided by persons with construction-specific knowledge versus that which can subsequently be collected on a more routine basis will be highlighted in the following discussion.

Material cost:

The material cost data collection portion of the column footing SPD is shown in Figure 13, with some portions highlighted to enhance this narrative. The quantity of materials to be used is largely controlled by the product description, including both the text and drawings (Figure 11). The quantity of concrete and reinforcing steel, for example, is fixed by this drawing (column 1 in Figure 13). In some cases, all of the materials will be completely fixed in this way. However, there are some interdependencies between method and materials, requiring some flexibility in the listing of materials to be priced (material item 3 in Figure 13). For example, it is possible to build the footing by completing an excavation, building a formwork to create the top shape for the wet concrete, and then placing the concrete. Alternatively, it may be customary to use only the sides of the excavation to provide a form. This case will generally require more time for labor than the case where formwork is used, but no formwork will be required. Cases in between are also possible. Accordingly, someone with construction expertise would need to provide an estimate of the amount of formwork likely to be used in that country for the column footing. So to accommodate such instances in the pricing the Material Costs table in the SPDs will contain additional rows where the price collector can list materials that are commonly used for that type of construction. This provides flexibility needed in deploying the SPDs on a global basis keeping comparability and representativity in check.
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Figure 13: Material Price Collection Portion of Footing SPD

There may be other material items that need to be included in the price in a given country. Small precast spacers (“dobies”) may be used to hold the rebar off the bottom of the excavation in some countries, where in other countries these items may not be customary. Accordingly, someone with construction expertise would be required to flesh out the list of items under “Other”, which will generally consist of consumables chiefly required in response to customary practices in a given country. The items listed under “other” will require the person filling out the instrument to provide the material and quantity required in the appropriate units (meters, each, etc.).

Once these items (shown in Figure 13) have been identified, it will next be necessary to assign a unit price to each material (unit cost column or Column 2 of Figure 13). Unit prices may be solicited from persons with construction experience, but may also be obtainable by NSO personnel using methods very similar to their normal price collection strategies. Because there is some dependency of the items for which prices need to be collected on construction methods, it will be necessary to periodically re-check the list of items to be priced with someone having construction experience. However, the speed of change in construction processes is quite slow, so a long period may elapse in between these checks (perhaps on the order of 10 years or more).

Once all of the unit rates are required, the cost contribution for each row in the materials table can be calculated and reported in the “Extended Material Costs” column (Column 3 in Figure 13). This column is simply a multiplication of each unit rate times the quantity of material on the same row. The sum of all the values in this column represents the total material cost for this component.

Labor and Equipment Prices:

The total material cost represents the cost of the things to be put in place in order to construct the component. Along with this cost is the required labor or equipment to actually perform the construction; in other words the cost of putting in place those things. The labor and equipment costs (shown in Figure 14 and Figure 15) are calculated by estimating the amount of labor and/or equipment to be used (in hours) and multiplying by the appropriate unit rate (in currency per hour). The labor and equipment costs are very heavily dependent on construction means and methods in a given country. This dependency exists because of:

· Methods determine the type of labor to be used – in some countries, it may be appropriate to use highly specialized, skilled laborers to accomplish a given construction task. In other countries, unskilled labor may be used instead. Accordingly, someone with construction-specific knowledge in a given country will be required to indicate what types of labor are used in that country for the component being priced.

· Methods determine the labor-equipment tradeoff – in some countries, construction is very labor intensive, whereas in others it is very common to substitute construction equipment for labor. Accordingly, someone with construction-specific knowledge in a given country will be required to indicate what types equipment are used in a that country (if any).

· Productivity determines the amount of labor or equipment to be used – the amount of labor or equipment to accomplish a task is usually estimated in hours, and is a function of the quantity of work to be put in place (Figure 13) and the productivity of that kind of labor or equipment in a given country. The productivity is quite method- and country-specific, and someone with construction-specific knowledge will be able to estimate how many hours of each type of labor and equipment quite readily. 
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Figure 14: Labor Cost Portion of the Column Footing SPD
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Figure 15: Equipment Cost Portion of the Column Footing SPD
A person with construction-specific knowledge would thus be needed to estimate the type and quantity of needed labor and/or equipment types (leftmost column and column labeled Column 1 in Figure 14 and Figure 15). These estimates would need to be reviewed periodically by persons with construction-specific knowledge. However, construction methods and construction productivity tend to change very slowly, so this review by construction experts would only be required periodically, perhaps on the order of once every ten years or so.
To finish the cost of putting the materials in place, it will be necessary to obtain unit rates for the various labor and/or equipment types identified (column labeled 2 in Figure 14 and Figure 15). The construction experts could provide these values, but they can also be collected by NSO personnel using methods similar to those used for any other price collection process.

With the number of hours for each type of labor and/or equipment and the relevant unit rate, the cost contribution of each type of labor and/or equipment to the cost of the constructed component can be calculated. On each row, the number of hours would be multiplied times the unit rate in currency per hour, yielding a cost for that type of equipment and/or labor. The sum of the values in each column (product of Column 1 and Column 2 Figure 14 and Figure 15) will result in the total cost of the labor and the total cost of the equipment required construct the component.

The total cost of the component is then calculated as the sum of the MATERIAL cost plus the LABOR cost plus the EQUIPMENT cost. All the costs are reported in national currency.
It should be noted that there is another approach to construction costing that might be used. In addition to the cost above, some construction experts have developed sufficient experience and skill that they can provide conceptual estimates for the activity without calculation of the underlying labor, equipment, and material costs. In such cases, a construction expert might be capable of looking at the component required (e.g., Figure 11) and going directly to a price for the component. Such costing can provide a valuable check on the results worked out via detailed estimating. Further, because they are less intensive to produce, they may represent a faster means of getting prices in some circumstances especially in obtaining multiple price points in multiple cities in a country.

Current Status of The BOCC Method

The design, development and definition of the BOCC method was completed in August 2004 and was documented in a report submitted to the World Bank. The BOCC concept was presented to the TAG in September 2004. After careful consideration TAG recommended the use of the BOCC approach. The authors have now completed identification of 22 construction components for the three baskets. Development of SPDs for these construction components is also completed. The developed components can be used in various ICP regions for price collection purposes.
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Appendix A

SPDs for Construction Components
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Product Characteristics:


Reinforcing Steel Characteristics:


Tensile Strength (MPa):


Grade:�
�
�
Concrete Characteristics:


Compressive Stength (MPa):             


Cement Type:


Maximum aggregate size:�
Concrete mixing method:


□    Site mixed


□    by hand


□    mechanical mixer


□    Ready-mix delivery�
�
Concrete transport method:


□    hand carried


□    block/tackle


□    crane lift�
Formwork materials:


□    Prefabricated form


□    Plywood		□    Steel


□    Steel or aluminum�
�
Worker safety equipment:


Hardhats:	□    required	□    optional


Safety Boots:	□    required	□    optional


�
�






Quantity and Details:


This item is intended for collection of pricing data for a footing element for a structure. A general case price is desired, reflective of the most common conditions faced for installation of this component of a structure. For purposes of this pricing, assume that the total structure contains 36 column footings with dimensions shown in the figure below. The pricing information required is for a single column footing. This item is intended for collection of prices for the structural phase of construction only. Excavation and any preparation of the footing base (such as compaction, placement of a layer of gravel, or placement of a layer of lean concrete) is specifically excluded from this item. The item includes all labor, equipment, and materials required to erect the formwork, tie and place the reinforcing steel and place concrete as shown.


(a)





� EMBED Visio.Drawing.6  ���


(b)
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