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Tools and Techniques for Cost Estimating

Top-down estimating (Analogous estimating, based on 
previous projects, conceptual cost estimating)
Bottom-up estimating (detailed, first principles, lowest 
elements in WBS)
Parametric estimating (statistical relationship between 
historical data and project variables/characteristics)
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Basic Elements of Costing Work

Labour
Equipment
Materials – temporary, permanent
Subcontracts 
Management, Engineering, Supervision
Project Indirect Costs (Project Overheads)
Risk and Opportunity (Contingency)
Corporate Overheads
Profit
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1. Direct Costs

2. Indirect Costs
• overheads, preliminaries

3. Risk and Opportunity Allowance
• contingency

4. Margin/Markup
= corporate overheads + profit

Basic Elements of Costing Work
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Steps in Estimating Process

1. Identify bid opportunity: public notices, trades 
newsletters, trade magazines, invitation to bid

2. Make decision to bid: corporate strategy, need for 
work, type and location of project, competition

3. Study plans and specifications: review scope, visit site, 
send out requests for quotations, prepare estimating 
schedule

4. Break project into work packages – WBS
5. Do quantity takeoff of each work package: record 

quantity and unit measure
6. Determine construction methods (CMS), equipment 

and labour requirements (crews)
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Steps in Estimating Process

7. Estimate labour and equipment productivity for each 
operation

8. Obtain and evaluate quotations from subcontractors 
and suppliers: consider both price and quality of work

9. Price items of work in WBS: direct costs
10. Prepare project schedule
11. Price indirect (overhead) costs: time-based
12. Consider alternatives, “what-if” scenarios
13. Perform risk/opportunity analysis
14. Add corporate overhead and profit margin
15. Spread costs – bid unbalancing, strategic
16. Calculate unit prices and prepare owner’s unit rate 

schedule or bill of quantities (BOQ)
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Productivity = Output (units of products)
Input (Resources)

Labour Productivity = Output (installed qty)
Work Hours

Productivity refers to how efficiently and effectively a 
company can turn its input (labour and capital) into 
products and services

Labour Productivity
= units of input (work hours) per unit of output (input/output)

(e.g. 0.5 mhrs/m3 for placing concrete)
OR
= output/input (e.g. 2 m3/mhr)

How Do We Measure Productivity?

8/52Construction Economics                             Estimating



Abraham Assefa Tsehayae (PhD)

Production
= units of output per unit time
(e.g. 100 m3/hour for placing concrete,

50 m2/hour for formwork erection)

Can change production rate by changing number of 
manhours available in one hour, by changing crew size or 
shift length

i.e., production (m3/h)
= productivity (m3/mhr) * (mhr/h)

Definition of Productivity
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Productivity vs. Production
Production indicates how much work is being done in a 
given time interval; how fast work is progressing; 
indicates if schedule objectives will be met; not an 
indication of how much money is being spent
Productivity is a measure of efficiency of labour and/or 
equipment crew; indicates if cost objectives will be met
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Estimating Direct Costs
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Cost Elements of Labour
basic wage rate, overtime wage rate
shift pay differentials
site allowance, foreman allowance
travel allowance
meal allowance (subsistence pay)
vacation pay, sick pay, statutory holidays
unemployment insurance, payroll tax
workers’ compensation and other insurance
retirement savings (pension) plan (optional)
health insurance (optional)
Average labour burden: 30% of base wage
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Estimating Construction Costs, Peurifoy and 
Oberlender, 2002, McGraw-Hill
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Example of Labour Estimate
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𝑃𝑎𝑦	𝐻𝑜𝑢𝑟𝑠	 = 	𝑊𝑒𝑒𝑘𝑙𝑦	𝑠𝑡𝑟𝑎𝑖𝑔ℎ𝑡	𝑡𝑖𝑚𝑒	 + 	𝑊𝑒𝑒𝑘𝑙𝑦	𝑜𝑣𝑒𝑟𝑡𝑖𝑚𝑒	 + 	𝑆𝑎𝑡𝑢𝑟𝑑𝑎𝑦	𝑜𝑣𝑒𝑟𝑡𝑖𝑚𝑒

										= 	 5	𝑑𝑎𝑦𝑠	𝑥	8 ;<
=>?@	1.0 +	 5	𝑑𝑎𝑦𝑠	𝑥	2 ;<

=>?@	1.5 + (1	𝑑𝑎𝑦	𝑥	10	ℎ𝑟/𝑑𝑎𝑦	𝑥	2.0)

										= 	40.0	 + 	15.0 + 20.0

										= 	75	ℎ𝑟

	𝐴𝑐𝑡𝑢𝑎𝑙	𝐻𝑜𝑢𝑟𝑠	 = 	 (10	ℎ𝑟/𝑑𝑎𝑦	𝑥	5	𝑑𝑎𝑦𝑠) 	+	(10	ℎ𝑟/𝑑𝑎𝑦	𝑥	1	𝑑𝑎𝑦) 	= 	60	ℎ𝑟

𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝐻𝑜𝑢𝑟𝑙𝑦	𝑃𝑎𝑦	 = 	 [(𝑃𝑎𝑦	𝐻𝑜𝑢𝑟𝑠)	/	(𝐴𝑐𝑡𝑢𝑎𝑙	𝐻𝑜𝑢𝑟𝑠)]		𝑥		𝐵𝑎𝑠𝑒	𝑊𝑎𝑔𝑒

𝑰𝒓𝒐𝒏𝒘𝒐𝒓𝒌𝒆𝒓	𝑪𝒐𝒔𝒕𝒔:

𝐴𝑣𝑒𝑟𝑎𝑔𝑒	ℎ𝑜𝑢𝑟𝑙𝑦	𝑝𝑎𝑦	 = 		 (75/60	𝑥	$20.97/ℎ𝑟 = 	$26.2125/ℎ𝑟

𝑆𝑜𝑐𝑖𝑎𝑙	𝑆𝑒𝑐𝑢𝑟𝑖𝑡𝑦	𝑇𝑎𝑥	 = 	7.65%	𝑥	$26.2125/ℎ𝑟	 = $2.0053/ℎ𝑟

𝑈𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡	𝑇𝑎𝑥	 = 	3.0%	𝑥	$26.2125/ℎ𝑟	 = 	$0.7864/ℎ𝑟

𝑊𝑜𝑟𝑘𝑒𝑟𝑠’	𝑐𝑜𝑚𝑝𝑒𝑛𝑠𝑎𝑡𝑖𝑜𝑛	 = 	$12.50/$100	𝑥	$20.97/ℎ𝑟 = $2.6213/ℎ𝑟

𝑃𝑢𝑏𝑙𝑖𝑐	𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦/𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦	𝑑𝑎𝑚𝑎𝑔𝑒	 = 	$3.25/$100	𝑥	$20.97/ℎ𝑟	 = 			$	0.6815/ℎ𝑟

𝐹𝑟𝑖𝑛𝑔𝑒	𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠	 = $3.15/ℎ𝑜𝑢𝑟

∴ 𝐼𝑟𝑜𝑛𝑤𝑜𝑟𝑘𝑒𝑟	𝑎𝑣𝑒𝑟𝑎𝑔𝑒	ℎ𝑜𝑢𝑟𝑙𝑦	𝑐𝑜𝑠𝑡	 = $kl.mlno
;< = $kl.mp

;< ≅ 1.69 ∗ 𝐵𝑎𝑠𝑒	𝑤𝑎𝑔𝑒
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Cost Elements of Labour

RS Means
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Cost of Equipment
Purchase

Extensive use time in operation
Rent

Limited use time
Lease

“Rent” first
• A specific monthly rate

“Purchase” later
• Option for purchase amount

16/52Construction Economics                             Estimating



Abraham Assefa Tsehayae (PhD)

Cost Elements of Owned Equipment
depreciation cost
salvage value
annual ownership cost
replacement of wearing parts and major overhauls
routine maintenance cost
fuel or electricity cost
operator cost
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Cost Elements of Owned Equipment

Estimating Construction Costs, Peurifoy and 
Oberlender, 2002, McGraw-Hill

i = MARR (minimum attractive rate of return) = interest for 
borrowing money + risk + average cost for taxes, insurance, 
storage
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Cost Elements of Owned Equipment

Estimating Construction Costs, Peurifoy and 
Oberlender, 2002, McGraw-Hill
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Example of Equipment Estimate

Estimating Construction Costs, Peurifoy and 
Oberlender, 2002, McGraw-Hill
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Example of Equipment Estimate
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𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑅𝑎𝑡𝑒	(𝑖) 	= 	9	 + 	5	 + 	3	 = 	17%	

𝐴𝑛𝑛𝑢𝑎𝑙	𝑂𝑤𝑛𝑒𝑟𝑠ℎ𝑖𝑝	𝐶𝑜𝑠𝑡	 𝐴 = 	𝑃
𝑖(1 + 𝑖)v

(1 + 𝑖)v−1 − 𝐹
𝑖

(1 + 𝑖)v−1

		𝐴	 = $145,000
0.17(1 + 0.17)p

(1 + 0.17)p−1 − $25,000
0.17

1 + 0.17 p − 1 = $37, 683.48

𝐶𝑜𝑠𝑡	𝑝𝑒𝑟	ℎ𝑜𝑢𝑟	 = 	𝐴𝑛𝑛𝑢𝑎𝑙	𝑜𝑤𝑛𝑒𝑟𝑠ℎ𝑖𝑝	𝑐𝑜𝑠𝑡	/	𝑊𝑜𝑟𝑘𝑖𝑛𝑔	ℎ𝑜𝑢𝑟𝑠	𝑝𝑒𝑟	𝑦𝑒𝑎𝑟	

𝐶𝑜𝑠𝑡	𝑝𝑒𝑟	ℎ𝑜𝑢𝑟 = $37, 683.48/2,000	ℎ𝑜𝑢𝑟𝑠	 = $18.84
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Example of Equipment Estimate

Estimating Construction Costs, Peurifoy and 
Oberlender, 2002, McGraw-Hill
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Cost Elements of Rented Equipment
rental rate
replacement of wearing parts and major 
overhauls beyond conditions covered by rental 
rate
routine maintenance cost
fuel or electricity cost
operator cost
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Operating Cost of Equipment
Accrue only when the equipment is being used.
Include minor maintenance and repairs, fuel, oil and 
lubricants.
Be familiar with type and size of equipment

The conditions under which it is operated
The location

Equipment is seldom used 60 mins/hr.
Fuel consumption should be based on actual operating 
conditions.
Average demand on an engine 50% of its maximum 
power for an average 45 mins/hr.
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Operating Cost of Equipment
Maintenance and Repair Cost 

Expenditure for replacement parts and the labor, to keep the 
equipment in good working condition
Annual cost expressed as a percentage of purchase price (P) or a 
percentage of straight-line depreciation cost 

Average M&R cost of an excavator varies 80 to 120 percent of the 
depreciation cost for rock-crushing equipment, much higher; 
Compressor, lower.
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n / F)(P-
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Operating Cost of Equipment
Fuel Consumption

When operating under standard conditions namely, at a barometric 
pressure at 29.9 in. of mercury, at a temperature of 680F, a 
gasoline engine will consume approximately 0.06 gal of fuel for 
each actual horsepower hour developed:  

.
A diesel engine:                          .

26/52

[ ]hr)gal/(hp 0.06 ×

[ ]hr)gal/(hp 0.04 ×
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• Example: Fuel Consumption
– A shovel with a diesel engine rated at 160 hp

during a cycle of 20 sec. The engine operates 
at full power while filling the bucket in tough 
ground, require 5 sec; in the balance of the 
cycle, the engine operates at not more than 
50% at its rated power.

– The shovel may not operate more than 45 
minutes per hour on average.

– The approximate amount of fuel consumed 
during 1 hour.

Operating Cost of Equipment



• Fuel Consumption
– Rated power: 160 hp
– Engine factor:

• Filling the bucket:
• Rest of cycle: 
• Total Engine Factor:
• Time Factor:
• Operating Factor:
• Fuel consumption per hour:

0.250100%5/20 =´

0.37550%15/20 =´
0.625

0.470.750.625 =´

[ ] gal/hr 3.0)hr(hpgal 0.04hp 1600.47 =×´´

0.7545/60 =

Operating Cost of Equipment



• Lubricating oil consumed
– Quantity will vary with

• Size of the engine
• Capacity of the crankcase
• Condition of the pistons
• Number of hours between oil changes

(every 100 to 200 hours)

Operating Cost of Equipment



• Lubricating oil consumed
–

• Q: Quantity consumed in gallons per hour
• hp: rate horse power of engine
• C: Capacity of crankcase, in gallons
• t: hours between oil changes
• 0.60: Operating factor
• 0.006                : Quantity of oil consumed 

between oil changes

t
C

lb/gal 7.4
hr)(hplb0.0060.6hpQ +
×´´

=

hr)(hplb ×
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• Example 
– A 100-hp engine with a crankcase capacity of 

4 gals requiring a change every 100 hrs.

gal/hr 0.089    
hrs 100

gals 4
lb/gal 7.4

hr)(hplb0.0060.6hp 100Q

=

+
×´´

=

Operating Cost of Equipment



• Cost of Rubber Tires
– Equipment lasts 6 years, tires on the 

equipment last only 2 years.
– Three sets of tires required during the 6-years 

of equipment use.
– Cost of D&R on tires should be estimated 

separately from the equipment.

Operating Cost of Equipment



• Cost of Rubber Tires
– A set of tires cost $3,800, with estimated life 

of 2,500 hrs. The repairs during the life of 
tires costing 15% of the initial cost of the tires.

– Depreciation:
– Repairs of tires:
– Total:

$1.52/hr2500hrs / $3,800 =
$0.23/hr$1.52/hr0.15 =´
$1.75/hr

Operating Cost of Equipment
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Cost Elements of Materials and Subcontracts

Materials (Permanent and Temporary)
unit cost and quantity
transportation and delivery cost
escalation and/or rise and fall

Subcontracts
unit cost and quantity
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Estimating Construction Costs, Peurifoy and 
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ESTIMATING:
Assessing direct costs and indirect costs

TENDERING/BIDDING:
Assessing risk and opportunity allowance and margin

RISK AND OPPORTUNITY ASSESSMENT:
Identifying and assessing the impact on costs of 
potential project risks (monetary losses) and 
opportunities (monetary gains)

Estimating Vs. Tendering
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Identify items in the project which may have potential 
cost overruns (risks) or cost savings (opportunities)
Assess the most likely $ cost or savings associated with 
each item
Assess the probability of each cost or savings occurring
Multiply the $ cost or savings by its probability of 
occurrence
Sum up the total resultant costs and the total resultant 
savings; the difference between the two is the net project 
risk/opportunity allowance (contingency) (may be + or - )

Risk and Opportunity Assessment
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Unexpected climatic conditions
Unexpected geological or soil conditions
Uncertainty in estimated productivity
Delay in schedule
Delay in delivery of materials

Risk Factors
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Innovation in project design or construction methods
Negotiated deals with supplier(s)
Acceleration in schedule
Changes in contract scope

Opportunity Factors
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By cost category breakdown, to reflect amount of risk 
inherent in each category:  labour, equipment, materials, 
subcontracts
Using “what-if” scenarios – best, most likely, worst
Included in direct job cost items
Included in margin (markup)
Risk analysis modeling, e.g. using @RISK and Monte 
Carlo Simulation

Other Methods of R/O Assessment
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Must at least cover corporate overheads, based on 
budgeted turnover
Depends on the objectives of the company in tendering
Depends on the amount of risk/opportunity assigned
Depends on conditions within the company, advantages 
and disadvantages, client, competition, state of the 
market, economy

Margin/Markup Assessment
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Corporate overheads
Profit
Risk and opportunity allowance (in some cases)

Items Covered by Markup
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To win the project
To meet budgeted turnover requirements; to deploy idle 
resources
To be seen as competitive; to build a reputation
To break into a new market; strategic value
To test a new geographical area
To maximize project’s contribution to profit

Objectives in Tendering
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Based on minimum or base margin - break even analysis
Based on resource cost category breakdown (to reflect 
risks inherent in each)
Based on experience and market conditions

Methods of Setting Markup
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To determine minimum (base) markup
OR
To determine minimum volume of work (turnover) for firm to 

break even (i.e. to cover corporate overhead costs, 
without making any profit).

Method A:
Predict turnover level ($) for coming year and calculate 

minimum markup (%).

Method B:
Determine gross markup (%) (i.e. profit plus corporate 

overheads) on projects in coming year and calculate 
minimum volume of work (turnover) ($).

Break Even Analysis
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Forecast corporate overheads for coming year:

Previous year = $200,000
10% inflation = $20,000 

(can be applied before or after firm growth)
Firm growth = $20,000

→Forecasted corporate overheads $240,000

Steps in Break Even Analysis
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Method A:
Forecast turnover level, e.g. $2,000,000
Minimum Markup
= Corporate Overheads / Turnover 
= $240,000/$2,000,000
= 12% 

Method B:
Forecast gross markup, e.g. 12%
Use break even analysis equations:

Revenue - Project Costs = Gross Profit [1]
Gross Profit - Corporate Overheads = Net Profit [2]
Gross Profit / Revenue = Gross Markup [3]

Steps in Break Even Analysis
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At Break Even point, Net Profit = 0, so:
From [2], Gross profit = Corporate Overheads
From [1], Revenue = Project Costs + Corporate Overheads
From [3], Corporate Overheads / Revenue = Gross Markup
Revenue = Corporate Overheads/Gross Markup

In our example:
Revenue = $240,000 / 0.12 = $2,000,000

Steps in Break Even Analysis
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Turning estimate into bid
Step 1

Summarize all costs to the bid item level
Step 2

Compute indirect costs, bonds, add-ons (contingency), markup, 
profit and spread them back to the various bid items to arrive at bid 
prices

Step 3
Each cost category can be marked up a different percentage, e.g. 
most contractors have high markup on labor because it is high risk, 
low markup on subcontractor and material because it is lower risk

Step 4
Ways to spread markup: On labor, On total cost, On total cost less 
subcontract cost

Bid Summary Process
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Balanced bidding: 
Distribute indirects and markup to all items proportional to their 
relative direct costs.

Unbalanced bidding:
Raising the prices on certain bid items and decreasing the prices on 
others so that the total bid price remains the same.
Improving project financing

• Raise the unit prices for the bid items that come early in the 
schedule and also reduce the prices for later items.

• Enables the contractor to charge more for early work and 
accordingly receive a higher owner payment such that his 
own financing cost is less.

Finalizing a Bid Proposal
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Unbalanced bidding:
Adjusting the bid under expected quantity change

• Raise the unit prices for the bid items that are expected to 
have much more quantity than stated in the bid package; 
reduce the unit prices for those with expected less quantity.

• Enable the contractor to attain a competitive edge and 
possibly a more potential profit.

Unbalanced (Shift costs) from items that are likely to underrun in 
quantity to those that may overrun

• To shelter risks
• Exploit errors in quantities

Be aware
• Doing this conspicuously is considered illegal on many 

government bids

Finalizing a Bid Proposal
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Strategic Spreading
For unit price contracts: paid on basis of actual quantities 
installed
Strategic spreading to benefit from errors in owner’s 
quantities
Increase unit prices of items that are underestimated by 
owner (load these items)
Decrease unit prices of items that are overestimated by 
owner
Can be used to (1) reduce overall bid price to be more 
competitive, or (2) to increase profit margin while 
maintaining original bid price
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