Life Cycle Cost Analysis

Life cycle cost (Icc) analysisis atool to assst those persons responsible for
making the difficult decison of pavement selection. The process can be used to make an
economic evaluation between pavement types, hot-mix agphdt (hma) or Portland cement
concrete (pcc), or to evauate various rehabilitation strategies. The 1991 Intermodia
Surface Trangportation Efficiency Act (ISTEA) suggested | cc be used when evauating
bridge, tunnel and pavement desgns. An FHWA memo, (based on the NHS Designation
Act of 1995) sent dl FHWA fidd offices, in April of 1996, hinged digibility for Federa
funds for Nationd Highway Safety projects and those projects in excess of $25 million
on the use of Icc asatoal in the decison making process. Most public agencies, be they
gate DOTS, cities, boroughs, townships, etc do not have an unlimited budget.
Conversdly, mogt are struggling to maintain their exigting infragtructure; assuchitis
important they make fiscaly responsble decisons. The use of life cyde cost andyss
can be avauable toal, to any agency, regardiess of size, in making those decisions. This
publication and enclosed software are intended to provide the ability to conduct a basic
life cycle cost andyss. Thefactorsthat go into that andyssare:

- Initid Cogts
Periodic Maintenance/Rehabilitation Costs
Annua Maintenance Cost
User Delay Cogt
Sdvage Vdue
Anayss Period
Performance Period
Discount Rate (%)
Present Worth

Initial Costs are those costs associated with the construction

of anew pavement or recongruction; clearing and

grubbing, excavation, placement of the subgrade,

subbase and pavement. Costs common to each of

the aternatives need not to be indluded in the life cycle

andyss. Every efort should be made to use redidtic

prices The best source for that information is from recent projects that used smilar
quantities. The cost of mobilization and maintenance of traffic should be included in
thelife cycleandyss. If possble, you should consider the number of days required
to build each pavement, with respect to user delay costs, should be included. Infact,
this may be difficult to do and there will be times when structures, excavation, etc
may be the critica time dement.

Periodic Maintenance/Rehabilitation Costs are

those costs associated with durry sedls, microsurfacing,

chip sedls, overlays, etc and/or rehabilitations during

the analysis period. Thisreguiresthat you have a T T

redigtic fed for the performance period of those
goplications



Example: 1.5-inch overlay may have alife of 10 years while a4-inch overlay may
have alife of 18 years. Possble sourcesfor this information are your own historica
data base, state DOT and L TPP data or the Asphalt Ingtitute’s L CC data base.

Annual M aintenance Cogts are those cost associated

with annud routine maintenance. Typicaly, these codts

include: crack sedling and pothole patching. Under normal

circumstances these annud cogts are inggnificant and do A4 4
not effect pavement sdection.

Salvage Value represents the value of the pavement at

the end of the andysis period. When the andlysis period

is 40 years the present worth factor at a 4% discount

rateisonly 0.21 (Table 1). Therefore, if at the end of

40 years the current value of the pavement is $100,000 ¢
the present worth will be $21,000.

User Delay Cost are those cogts to the motoring public due to lost time and vehicle
expenses. User delay costs should be included inthe lcc. Obvioudy, as the number
of vehiclesincrease, user delay cost become more critical. 1n some cases user delay
costs will be the controlling factor. What valuesto assign to user ddlay costs vary
and are the subject of much discussion. The FHWA project, Demo. 115, suggested
an average of $12.27/hour for passenger cars ($11.58/hr driver + $0.69 vehicle
operating costs), $19.31/hour for single unit trucks ($18.54/hr +$0.77/hr voc) and
$23.13/hour for combination trucks ($22.31/hr + $0.82 voc).

Analysis Period isthat period of time, normally between -
30 and 40 years, used to evaluate the total investment T RS .
\\
N
~

required to build (or recongtruct) and maintain the

pavement at an agreed upon quaity level. With few

exceptions, the analysis period should include at least one Analysis Period
magor rehabilitation.

N
Performance Period isthat period of time one expectsa Ay ‘x\
particular trestment to perform before the pavement again f S,
drops below the agreed upon acceptable quality level. Performance Period

Present Worth isthe sum of dl future cogts, discounted to the year of initid
congruction, plusinitid congruction costs. Comparing the present worth of various
pavement aternatives will provide asound economic evauation. There are other
methods, notably equivaent uniform annua cog, to make the life cycdle andysis, but
the examples and the enclosed program use present worth.




Discount Rate represents the cost of doing business. If you invested your money in a

Certificate of Deposit (CD) at 7% for five years, but inflation each of those years was
3%, then your redl rate of return would have been 4%. The discount rate represents
the red rate of return on the pavement investment. Statistics show that the discount
rateisnormally in arange of 3—5%. A point of interest is the present worth of an
expenditure decreases as the time increases away from the year of the initia
construction (approximate 50% and 25% at year 18 and 35 respectively).

Example "A”
Example “B”

Initial Construction $500,000 N _
Preventive Maintenance @year 15 40,000 Initial Construction $350,000
Major Rehabiilitation @ year 20 300000 P PreventiveMantenance @year 8~ 40,000
Savage Vaue @ yer 30 150,000 Major Rehabilitation @ year 15 300,000
Preventive Maintenance @ year 20 40,000
V Preventive Maintenance @ year 25 60,000
<4 Sdvage Vaue @ year 30 105,000

Y ear 8 | 15 | | 20 | 25 30 _
0.7307 | 05553 | 04564 | 03751 | 0.3083 | 470 Discount RateFactor
v R
Example “A” Example “B”
500 Present Worth @ 4% 350 Present Worth @ 4%
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30 Year Present Worth = $705,000 30 Year Present Worth = $610,000
\ 4

Y--» $300,000 x 0.4564 =

¢
v

136,920

Example“B” would be
15% more economical



Step 1) Enter Name & Location of Project
Step 2) Input Discount Interest Rate (Suggest arate between 3% and 5%; the analysis should look at

other rates to evauate sengitivity of evaluation to interest rates.)
Step 3) Enter Initial Construction / Material Items, Quantitiesand Cost per Unit; aso to beincluded are Mobilization, Maintenance
& Protection of Traffic and any User Delay Costs. Initial construction isyear “0”

Step 4) Enter Preventive Maintenance or Rehabilitation Cogts & designated time; again include
Mobilizetion, Maint. & Protection of Traffic and User Delay Cost. Enter year when trestment
takesplace .

NOTES
Suggested discount rate is 4%, it isagood ideato look at sensitivity of andysisto discount rate by
evauaing each project a severa discount rates.
This example uses 5% for mohilization and 8% for maintenance & protection of treffic; percentages
chosen should reflect current conditionsin your area.

User Delay Example

Given

A work zone (traffic dowed from 65mph to 40mph) is set up for adistance of 1 mile (one direction)
The ADT on this 4-lane highway is 20,000 with 10% trucks

Trucks are gplit 70/30 : single unit/combinetion

50% of traffic travelsin each direction

Trave time @ 65MPH/mile 554 ¢
ime difference 34.5/sec (0.0096/hr)
Trave time @ 40MPH/mile 899 s=c

Cogt per Auto/mile (0.0096 x $12.27) = $0.12/auto $120/1000

Cost per Single Unit truck/mile (0.0096 x $19.31) = $0.19/su truck $190/1000

Cogt per Combination/mile (0.0096 x $23.13) = $0.22/comb. truck $220/1000
Calculation

Trafficin onedirectionis20,000 ADT x 50% = 10,000 vetvday

Auto ddayed is90% x 10,000 velvday = 9,000 auto/day

Trucksdelayed is10% x 10,000 vehvday = 1,000 trucks/day

Single unit trucks make up 70% of dl trucks 700 single-unit trucks/day

Combination trucks make up 30% of dl trucks = 300 combination trucks/day
9,000 ato x $0.12 = $1080 .

700 sutrucks x $0.19 = 133 $1279/day User Delay

300 comb trucks x $0.22 = 66

" Assumes no additional backup (que) of traffic

An excdlent reference to look at advanced life cycle andlysisisLife Cycle Cost Andysisin Pavement
Desgn (Demondration Project No. 115), Publication No. FHWA -SA-98-040.

CONSIDER Inthisexamplethetotal User Delay Costs = 6% of Tota Present Worth. Inahighly
urban areatraffic may have an ADT in excess of 100,000. Withan ADT of 100,000 the
User Delay Costswould represent 24% of the Tota Present Worth assuming no back
(que) up of traffic. Almogt certainly there would be aback up (que) and the percentage
would incresse dgnificantly. The phrase, “GET IN, GET OUT and STA
no further explanation.



