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1)  Introduction

Cost-Based Estimating is a method to estimate the bid cost for items of work based on estimating the cost of each component to complete the work and then adding a reasonable amount for a contractor’s overhead and profit.  The unique character of projects, geographical influences, market factors and the volatility of material prices can make historical pricing an unreliable method of estimating project costs.  Since contractors generally utilize a Cost-Based Estimating approach to prepare bids, this method can provide more accurate and defendable costs to support the decision for contract award/rejection and any future price negotiations with the contractor after contract award.

Although properly prepared Cost-Based Estimates are generally considered more accurate and reliable than Historic Bid-Based Estimates, they require much more in terms of effort, time and skill to prepare.  Even agencies that routinely utilize cost-based estimates typically do so for only those items that comprise the largest dollar value of the project.  In order to successfully implement cost-based estimating, the estimators must have expertise in construction methodologies including equipment, manpower, material and scheduling.  Keeping detailed records of actual equipment and manpower production rates on past construction contracts are also helpful for providing data from which to base estimating assumptions for contracts being let.  Although more time consuming than Historic Bid-Based Estimating, once the appropriate personnel are in place and the sources of data are identified for estimating the most commonly used pay items, the process should become fairly routine and manageable. 

General discussion regarding formulating cost-based estimates and some examples are found in this chapter.  Since there is no exact way to estimate, the reader will not find any guaranteed formula for estimating but hopefully will walk away with a better understanding of where to start with cost-based estimating. 

2) Elements of a Cost-Based Estimate

Cost-Based Estimates contain six basic elements: Time, Equipment, Labor, Material, Overhead and Profit.  Each item of work on a project can be broken up into tasks that it takes to complete the item of work.  Each of these tasks contains the six basic elements that result in the cost for the project.  

The element of material is simply the material that it takes to build the item of work, whether it is material left in place permanently or needed to construct the item such as formwork.  The elements of equipment and labor are selected by establishing what amount of each element it will take to build the work.  The time that it takes to complete the work item will drive the cost of the equipment, labor and any temporary material rental.  The administrative functions of the company are commonly referred to as overhead and are needed to organize the time, equipment, labor and material.  Finally, contractors factor in a margin of profit to make the work worthwhile to the company owners.  

The following sections will break down the elements of a Cost-Based estimate into further detail.  To help clarify these elements and how they fit into a task of completing an item of work an example of replacing a crossroad drainage pipe will be broken down and each element for this task identified.

Example:  The task of replacing a culvert pipe beneath 10 ft. of fill will be analyzed.  This replacement will be performed with a road closure at night and liquidated damages will be assessed if the roadway is not back open to traffic by 6:30 am.  The working hours allowed are from 7:30 pm to 6:30 am.  The project is on a 2-lane roadway and 115’ of pipe will be replaced with 125’ of 36” reinforced concrete pipe.  This example will focus on the task of removing and replacing the pipe, and will not include any of the ancillary items such as traffic control, seeding etc.  The pay item for doing the work is per linear foot of 36” pipe with the bedding, excavation, pipe, removal and flared end sections considered incidental to this task.

3) Material

Most items in highway construction require material to be purchased.  From millions of pounds of structural steel for a bridge to a reflector on a traffic barrier all of these items have a source of supply and an associated cost.  

The first step in formulating a material cost is identifying the materials needed.  For many items this can be as simple as counting up the number of items needed but for other items this may require more extensive work.  Items such as pavements need to be broken down into elements of that pavement such as aggregate, cement, asphalt, sand and any other ingredients in the pavement mix.  The amount of waste should also be accounted for on projects, as a bidder will have to compensate for the additional expense of the material wasted.  The amount of waste will vary from 2-10% depending on the item of work in question.  Paving and base items will result in higher waste amounts due to the nature of the work and the rigidity of the specifications.  If the specifications for the project will cause the contractor to use more material than needed to avoid the risk of rejected final product the additional material beyond plan, or waste, can be as high as 10-15%.  Items of work that use pre-manufactured products such as pipe placement and signals/signing will have little if any wasted material.  Pre-manufactured products such as pipe may only be available in standard sizes; waste will be determined from these standard sizes.  Some pre-manufactured material may also have loss due to its rigid nature and stress from construction. 

Most DOT’s have an abundance of resources to help in formulating the amount of material for a project.  Past job mixes for pavements can assist in formulating what percentage of a ton or cubic yard of material is made up of certain materials.  If the job was designed by the DOT the quantity breakdown may have been part of the preliminary design work.  Materials and construction records will also show the amounts and sources of material on past projects.  Research and Development sections and the Internet are also great resources for seeking out unique materials for projects.

Besides the material that will stay in place when a project is complete the material that is needed to build the work must also be considered.  Prices for items such as concrete formwork and temporary shoring need to be included when considering the items of work.  Some of these temporary material items may be items that can be reused and a rental rate used while others may only be used once and require the full price be applied to the item cost.  Once again records from past construction projects can be used to identify sources for this type of material.

After the amount and source of material is identified the sources for the materials are contacted to get an average price.  If at all possible more than one source should be identified and queried for prices to obtain a competitive look at the market.  When obtaining prices from suppliers it is recommended that the DOT indicate that the price quotes are kept confidential.  Price quotes should never be shared with other suppliers and should always be kept confidential to ensure that no negotiation of prices takes place.  When obtaining quotes the DOT should approach the supplier with the project information just as a bidder.  This includes having pertinent information at hand such as the specifications of material needed, location of the project, quantity and when the material will be needed.  Any form of communication that the supplier prefers should be used, but it is recommended that the DOT estimator actually talk with the suppliers in person or via telephone on occasion to build relationships.

The DOT estimator should keep a quote log of quotes received for materials over time.  It should not be necessary to get a new quote for every job for every item.  However for large quantity materials such as aggregate, asphalt, cement and steel quotes should be updated on a per job basis due to variability in supply and project characteristics.

Once you have material sources and prices established there is still the element of hauling material to the project that has to be addressed.  It is important that the estimator indicate if the quotes received are FOB (freight on board) source or FOB jobsite.  Suppliers may not supply actual material quotes for the project until the last few days prior to a bid opening.  Maintaining a log of past material quotes will provide a realistic estimate to use as a “placeholder” until actual quotes are received. 

Whenever possible the estimator should ask for a delivered price from the material supplier, but in many cases the estimator will have to establish a separate hauling cost. 

To determine hauling cost a simple call to trucking companies that haul material for DOT jobs should be made.  Many trucking companies have listed rates for different materials that they use as a base line and fuel surcharge rates that can be applied depending on the current price at the pump.  The Public Service Commission of some States used to publish hauling rates prior to deregulation of the trucking industry in the early 90’s.  These hauling rate charts are still floating around among professional haulers and in many cases are still used as a baseline starting point for current hauling rates.

Materials for Example:

Assuming pipe and flared end section quotes obtained are FOB jobsite and aggregate bedding is FOB quarry.  The quarry is 20 miles from the project site. Pipe is manufactured in 6’ lengths and Flared End Sections contain 2’ of pipe each.  Therefore contractor will need to buy (125-4)/6 = 20.6 pieces or in other words 21 six foot sections of pipe or 126’.

126’ of 36” Reinforced Concrete Pipe - 
$52/LF x 1.0625 (tax) x 126 = $6961.50

2 Reinforced Concrete Flared End Sections -        $750/EA x 1.0625 x2 = $1593.75

35 CY of Aggregate Bedding, 1.7 tons/CY- 

            [($4.50/ton x 1.0625)  + $3.25/ton haul] x (35 x 1.7) = $477.86  











 $9,033.11

Notice that tax has been included only on the material items.  Some state and municipalities do not charge sales tax on material for highway projects so this would not be included.  The haul rate of $3.25/ton was taken from a hauling rate chart for a 20-mile haul and a 12% surcharge due to current fuel prices.

4) Equipment

Most all highway work takes a significant amount of high cost equipment.  This high initial cost of equipment is generally what makes highway-contracting companies somewhat rare due to the risk of initial investment and the need to keep the equipment busy to maximize its useful life.  It is for this reason that the estimate for an item of highway work should not only include the time that the equipment will be needed for that task but also if that task will fully utilize that piece of equipment.

To establish what type of equipment the task needs the estimator will have to work off of his or her own experience or the experience of those who have witnessed construction operations in action.  Excellent resources for necessary equipment include DOT construction inspection staff and even interviews with contractors that perform that type of work.  The best type of resource though is for the estimator to go out and witness some similar work in action and to jot down the amount of equipment resources that the contractor has for the operation.  Pertinent information such as brand name, model number, number of operators and general information regarding maintenance should be noted.  Other resources such as the Rental Rate Blue Book (Blue Book) and Rental Rate Green Book (Green Book) provide rental, operating and maintenance cost for most pieces of construction equipment.   The RS Means Heavy Construction Cost Data publication lists crews including equipment for typical tasks.

Once the amount of equipment has been established the estimator needs to know how much it cost to have this equipment on the job.  While it is not practical for the estimator to formulate this information on their own there are publications that have equipment prices broken down to a per day “rental” cost.  The Blue Book and the Green Book are two such publications.  The Blue Book contains information on newer equipment that is not at a high level of depreciated value; the Green Book contains depreciated equipment values.  These publications list a daily, weekly and monthly rental rate for various pieces of equipment as well as the operating cost for the equipment.  Both of these publications contain introduction sections that indicate how to use the equipment information as well as what is included in the operation costs.  For example fuel cost is generally included in operating cost but the fuel cost at the time of publication may not match present fuel prices.  Items such as routine maintenance and oiling are included but wear on some ground or pavement-engaging equipment is not.  

Generally the estimator wants to get the rental cost for equipment down to cost per day or even per hour basis.  To get to this level of detail the scale of use of the equipment should be evaluated.  If the equipment will be needed on a regular basis on the project the estimator should not use the published daily rate but rather use the monthly rate multiplied by the appropriate regional factors and divided by 176 hour/month.  The estimator should only use the daily or hourly rate if they know that the use of the equipment will be limited to only one specific operation for a short period of time.  This is done due to the fact that most equipment is owned or long term leased by the contractor.

Equipment for Example:

Trackhoe with a 1.25 CY bucket Caterpillar 320B (2000)- 

 [($6280/176)  x .993 x .981] + $26.80 = $61.56/hr




 [(monthly rate/hrs/month) x model year adjustment x regional rate factor] + operating cost 

Skid Steer Loader – Bobcat 773 (2002)






[($1690/176)  x .996 x .981] + $7.90 = $17.28/hr


Trench Box 64 in 7ft


        [($99/176)  x 1.0 x 1.0] + $1.00 = $1.56/hr

Trench Compactor/Roller 33.5”
[($3065/176)  x 1.0 x .991] + $7.65 = $24.91/hr

1 light plant 20ft Diesel

       [($195/40)  x 1.0 x 1.0] + $2.55 = $7.43/hr










$112.74/hr

The prices listed are from the Blue Book using the monthly rental rates factored for a 176-hour month.  The monthly rate is being used for all equipment except for the light plant.  It can be assumed that the equipment other than the light plant is common equipment that is most likely owned by the contractor. 

5) Labor

Regardless of the amount of high quality material or the most modern equipment without a labor force the work will not get accomplished.  The estimator must again reference experience to determine the amount of labor necessary to accomplish the task at hand.  Resources are the DOT construction inspectors, contractors and simply taking the time to get out to a couple of projects and jot down the labor force being used.  When logging the labor force used be sure to classify the type of labor doing the work.  Many areas have prevailing wage laws that have different levels of pay for different specialties of labor.  An ironworker may make significantly more than an unskilled laborer so it can make a difference in the labor dollars in the estimate.

After the amount and type of labor is established the pay level for the labor must be found.  As mentioned above many areas have prevailing wage laws that require employers on DOT projects to pay a published rate.  The funding of the project must also be considered.  The Federal Government published the required rates to be used on projects with any amount of Federal funding.  If a project is State Funded many States have published wage rates that are required.  In most cases these public rates will also list the fringe benefit amounts that the employers must pay for the workers insurance and retirement.  In areas with no prevailing wage rates there should still be a published minimum pay rate for heavy highway workers that can be used for a baseline.  

Whether or not there is a published prevailing wage rate it is likely that the DOT contractor will have to pay the labor force more than the published minimum wage rate.  In either case, most DOTs require contractors to submit payroll reports for projects and occasionally conduct wage rate interviews to insure that the established minimum rates are being paid.  Local trade Union contracts are also a resource.  Union labor contracts can be obtained from the local Union representatives. 

Items such as Workmen’s Compensation Insurance, Liability Insurance, Social Security taxes, state and federal unemployment taxes, health insurance and retirement funds that are not paid directly to the employee may be applied as a percentage of labor costs.  Items such as insurance may also vary based upon the contractor’s safety record or the type of project.  Labor rates obtained from Union organizations or posted prevailing wages may have fringe benefit costs that cover all except for workmen’s compensation, social security and unemployment insurance.  The estimator must determine the best way to account for these costs.  A percentage of total labor cost is one way to handle this.  The percentage to use will depend upon the level of wages for your region.  For our example we will use a 20% labor burden, or labor overhead above and beyond our total overhead rate.  This will result in a total labor overhead of 30-35% of wages.  

Labor for Example:

1 Foreman

$37.50/hr

2 Operators

$32.50/hr

2 Skilled Laborers
$28.50/hr

2 Laborers

$26.50/hr

Straight Time Day
$212.50/hr

Straight Time Night
$226.50/hr

Time + ½ Night
$339.75/hr

6) Time

Now that the material cost has been established and the amounts and hourly rates for equipment have been found the estimator must determine how long the equipment and labor force will be tied up completing the task.  The estimator must establish a production rate, or rate of how many units of the item of work can be complete per hour or day.  Once again the estimator must draw on their own or the experience of others to establish realistic production rates.  The production rate used should factor in the conditions of the project such as terrain, traffic level, day or night work, possible utility conflicts and weather.  Work reports from past projects are an excellent resource along with people who have witnessed the tasks being complete in the past.  Other resources include equipment performance handbooks that log how much and how fast a piece of equipment can do certain tasks.  One helpful tool is if the estimator establishes a production log for different types of work under different types of conditions.  This can be as simple as how many feet of pipe per day can be installed in a low, medium or high production situation.  

Once a production rate is established the estimator factors the length of time that it will take to complete a task with the rate per hour for the labor and equipment.  Overtime laws in the area should be reviewed to determine what overtime factors if any will apply to the task of work.  Also some urban areas may pay different labor rates if the work will be done at night or on weekends.  The estimator can take the total quantity of an item divided by the production rate of an item to establish the length of time that it will take to do the work.  A bit of rounding may be necessary due to the fact that a contractor will most likely have to pay the labor for full day increments along with the equipment rate.  So if it turns out that the item quantity divided by the production rate yields 23 and 2/3 days the estimator should use 24 days.  The estimator will need to decide with the total amount of work whether to round up or down for the total days needed to complete the task.

Time for Example:

Assume stablished daytime rates for removal of pipe in 10’ of fill is 250’/day and for placement of 36” pipe in 10’ of fill is 150’/day.  The work will be during off peak traffic times, but one cannot expect the same production at night than during the day.  The project has liquidated damages associated with not having all lanes back open to traffic by morning so the pipe will have to be replaced and the roadway surface back in prior to 6:30am.  One can assume that a contractor will not risk trying to replace the entire length of pipe in one night, 2 shifts of work can be assumed for the pipe replacement item.  In many cases a shift for a heavy highway contractor is 10 hours due to lost time for start up and shut down of heavy construction operations and the need to get good production hours in.  In the area of this project labor forces are paid time and one-half for any shift over 8 hours and are also paid an additional $2.00/hour for working at night.  Therefore the calculations for materials, labor and equipment are as follows:

2 shifts for pipe placement = 20 hours, 16 hours at straight time + $2, 4 hours at time and one-half

Equipment
112.74/hr x 20 hrs = 



$2,254.80

Labor

((226.50/hr x 16) + (339.75 x 4)) x1.20 = 
$5,979.60









$8,234.40

7) Overhead & Profit

The items above cover the majority of the cost associated with an item of work but the contractor still has realized costs that have not been included in the price for the item.  Items such as cost of ownership of office and plant property such as insurance, taxes, utilities and building maintenance; office labor including estimators, clerical, human resources and compliance personnel; cost of processing paperwork for labor, equipment and materials; management cost such as division managers.  Most contracting companies keep track of these costs and calculate how they relate to the volume of work that they do as a percentage.  Exact percentages are difficult to calculate by the DOT estimator.  To obtain overhead percentage levels the DOT can speak with CPA’s that handle highway construction contracts or contractors themselves to get a general ideal of the overhead level.  

The percentage of overhead may range from 7-10% of volume of work for larger contractors to over 15% for smaller contractors.  Contractors may also just factor an overhead cost on labor and equipment and have a separate mark-up rate for materials.  It is important that the DOT estimator decide on the level of overhead that they are comfortable using and stick with that same level at all times to ensure that the estimate remains at a level that can be considered consistent.

Profit can be even harder to specifically quantify than overhead.  Once again the estimator should use any source that they deem as reliable to obtain basis for profit level.  Profit margins generally range from 3-10% but this level can vary greatly depending on the risk of the project and the actual time that it takes the contractor to complete a project.  DOT estimators to keep a consistent benchmark should estimate profit like overhead at the same level on all items on all jobs.  

Along with keeping the percentage of profit and overhead constant the DOT estimator must also be consistent with where the profit and overhead are accounted for in the estimate.  Contractors vary regarding where they place their overhead and profit dollars.  Some put the price in each item of work; others put the price in overhead while others do some combination of both.  It is recommended that the DOT account for profit and overhead on a per item basis.  The reason for this is the fact that the DOT estimator may not have a cost-based estimate for every item on the project so if a global profit and overhead are used the mark-ups may inadvertently be applied twice on the same project due to historic bids having mark-up in individual items.  Also to truly have a benchmark cost per item all costs of that item should be included.  Having all of the mark-up in one pay item such as the mobilization pay item is not an accurate depiction of how the cash flow for the project will actually occur.

Overhead & Profit for Example:

 Assume 10% overhead and 5% profit:

Total of Materials, Equipment and Labor =
$17,267.51

Overhead and Profit 15%=



  $2,590.13

Total =





$19,857.64

The pay item was for the LF of pipe with the bedding, excavation and flared end sections included:

Price per unit=

$19,857.64/125 = $158.86/LF

8) Subcontract Items

It is likely that several items of work in a bid proposal will be subcontracted by the prime to another contractor.  Prime contractor will solicit subcontract quotes in much the same way as material quotes.  When a contractor makes the decision that it is more efficient for a subcontractor to do the actual work on a certain item they will use that price.  Depending on the structure of the contract and the breakdown of major types of work this may lead to subcontractor mark-up on certain items.  Some contractors opt to not use any mark-up for subcontracts to avoid negotiation conflicts with the subcontractor but some will opt for mark up to administer the subcontract.  For example if the project consists of equal amounts of grading, paving and a bridge items the estimator will have to decide if it is reasonable to assume that bidders will be able to self-perform all of the work.  Prime contractors that choose to mark-up the price for subcontract work use a range of anywhere from 5-10% depending on the size of the subcontract and comfort level of the prime with the subcontracting company.  If the subcontract is a large percentage of the total project the mark-up may be small, but if the subcontract is small or the contractor is unfamiliar with the sub the mark-up may be higher.   
9) Lump Sum Items

The most difficult items to estimate on a project are the lump sum pay items.  A lump sum item can be defined as an item that does not have a detailed quantity specified and 100% payout of the item is virtually guaranteed.  Fortunately lump sum items are usually structured so they cannot be over ran.  Unfortunately it can be difficult to estimate what cost should go into a lump sum item and what cost a bidder has put into a lump sum item.  

Cost-based estimating can be very beneficial for lump sum items.  To formulate a reasonable cost the lump sum item has to be broken down into what work is covered in that item so a cost can be associated.  This is basically the premise behind a cost-based estimate.  Lump sum traffic control, for example, can be broken down into how many laborers, equipment and materials will be needed for how long and a cost for the elements considered. 

The most difficult lump sum item to estimate is mobilization.  Mobilization’s purpose can be defined as an item for the bidder to cover the cost of transferring equipment and resources to a project, but the cost is generally not directly tied to doing this.  Other than those relatively standard mobilization items the rest of the item can be a multitude of other costs which may include: corporate overhead, project overhead, contract bond, specialized project expenses like railroad liability insurance, sub-contractor mobilization, sub-contract mark-up, profit, overhead, costs for items not included but needed on the project, up front start-up, possible unbalancing and numerous other items.  Once a DOT determines what costs it wants to reflect in the estimate for mobilization a cost based method can be used.  Insurance companies can be contacted for bonding rates for construction companies and assumptions for hauling in equipment can be formulated.

Using our example of the pipe replacement project:

Assume total project is $100,000 and that the equipment will be hauled in from 75 miles away and it will take 3 loads.  Also assume that the traffic control items, repaving and pavement marking will be sub-contracted for a total of $20,000.  A calculation for Mobilization could look like:

Contract Bond, $12/$1000 of Contract value for small jobs
$1,200

Hauling in Equipment $3.50/mile x 75 miles x 6


$1,575

Sub-contractor mark-up 10% of Sub-Contract


$2,000

Sub-contractor mobilization




$1,000

Worker Per Diem $35/day x  7 x 2




$   490
Risk of damages for excessive road closure


$2,000









$8,265

10) Software Applications

There are many Commercial-Off-The-Shelf (COTS) software products available to both Contractors and State Transportation Agencies for preparing construction cost estimates.  Many of these applications have Cost Based Estimating Components that allow selection and easy access to material, labor, equipment and overhead/profit specific to your geographical region.  Any agency considering implementation of Cost Based Estimating should consider evaluating these software applications to determine if they may be beneficial.  
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Example:  Cost Based Estimate for Excavation Operation

	Description
	Qty
	$/HR
	Hours
	Labor
	Equipment
	Material
	Sub-Contract
	Total

	Quantity:       1000 CY

Production:   50 CY/Hour

Hours:            30

	a. Labor

Grade Foreman

Laborer

Flaggers

Backhoe Operator

Dozer Operator

Roller Operator


	1

2

2

1

1.5

1
	$35.00

$20.00

$16.00

$28.00

$28.00

$27.00
	30

30

30

30

30

30
	$1050.00

$1200.00

$  960.00

$  840.00

$1260.00

$ 810.00
	
	
	
	$1050.00

$1200.00

$  960.00

$  840.00

$1260.00

$ 810.00

	b. Equipment

24-28T Track Hoe

60-74 HP Dozer

8-12 T SD Roller


	1

1

1
	$76.48

$35.28

$45.83
	30

30

30
	
	$2294.40

$1058.40

$1374.90
	
	
	$2294.40

$1058.40

$1374.90

	c.  Material

Dump Fee (waste)
	
	$1.75
	Per CY
	
	
	$1750.00
	
	$1750.00

	d.  Sub-Contract

Wheel Truck
	3
	$70.00
	30
	
	
	
	$6300.00
	$6300.00

	TOTAL
	$18897.70

	$18897.7 / 1000 CY = $18.90 /CY  (does not include overhead and profit)


Other Factors to Consider:

1. Look at moister content of earth to see if it will be suitable for use as embankment or if additional wetting or drying of the soil will be required.  It may be cheaper to waste the material and use borrow rather than relying on on-site soil for fill.

2. Computer Earthwork by phase to ensure more accurate costs for labor operations and required equipment.

3. Costs of equipment are a combination of ownership/rental rates and operation rates.  Ownership/rental rates will apply to equipment for the entire duration of time that the equipment is located on the job site, regardless of down time or periods of inactivity.  The amount of time equipment will be required on the job site must be used to estimate equipment costs, not just the production rates of the equipment.  

4. Remember to account for waste.

5. Blue book monthly rates are based on $176 hours/month.

6. Published minimum wage rates may not accurately reflect the actual market value of skilled construction labor.  Ensure that you compare wage rates with certified payroll information from recent projects in the geographic locality.

7. Assume hourly labor rates that include fringe benefits.

