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Life-Cycle Cost Analysis of Ohio Pavement 
Rehabilitation Demonstration Projects 

CHHOTE L. SARAF, JAMES c. KENNEDY, JR., KAMRAN MAJIDZADEH, AND 

S. WILLIAM DUDLEY* 

A suitable life cycle cos• a11a ly i procedure for comparing the 
econ mies of eight different projects that were 1reated with five 
different rehahilirntion method ge nerally used in Ohio i de­
scribed . Because the initial condition of ench pavemen1 included 
in the study wa d11forent , it was nee s ary to ad ju t for this 
condi tio,n so that dif(erent pavements cou ld be compared on an 
equitable basis. lnirial salvage value was u'e I for thi purpose. 
Al ·o, the daily traffic wi\ • different on each projecc. Therefore , 
service cost index defined a. the ratio of daily traffic to life cycle 
cost (in multiples f $1 ,000) wa u eel ror comparing the benefits 
and costs of each project or rehabilitation method used in thi 
tudy. Analysi. f dalll used in thi tudy indicated that composite 

overlays were more co t-effective than unb nded rigid overlay · 
for pavement · ·ubjected t high level of da ily traffic. Un bonded 
rigid o or'lays were also relatively less cost-effec tive than a phah 
concrete (A overlays for I ' level of daily traffic condition . 

rack and seat with A ovc:rla wns more co I-effective under 
medium-to-high levels than under medium-to-low levels of traffic. 

oncrete pavement restoration was most exp nsive. Re ulrs of 
the analysis indicated that the procedure described is a re<t onable 
method of comparing the life cycle costs of various rehabilitation 
methods used in Ohio. 

Section 110 of the 1982 Surface Transportation Assistance 
Act reaffirms congressional intent that federal-aid projects 
including 4R work shall be con ·tructed to preserve and extend 
the service life of highway systems. In the absence of another 
AASHO Road Test and with an emphasis on rehabilitation 
procedures, the Ohio Departme nt ofTransporration (ODOT) 
and the FHWA propo:ed to construct some full - ·cale reha­
bilitation road test sections on existing rigid pavements. Ten 
different sites, which were identified to be in need of reha­
bilitation, were selected for this purpose. These sites are shown 
on the county map of the state of Ohio (see Figure 1) . A brief 
summary of the rehabilitation strategies used in each pr ject 
is presented in Table 1. In Figure 1, the project number cor­
responds to the order listed in Table 1. 

Several rehabilitation strategies were selected that would 
yield information suitable for evaluating the effectiveness of 
the following rehabilitation methods: 

1. Concrete pavement restoration (CPR)-Project 4; 
2. onventional asphalt concrete (AC) overlay-Projects 

6 and 10; 
3. Unbonded jointed concrete overlay-Projects 1, 2, and 

3; 
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telle Laboratories, 505 King Avenue, Columbus, Ohio 43201. 

4. Composite overlay-Project 5; and 
5. Crack and Seat (C&S) with AC overlay-Projects 7, 8, 

and 9. 

All pavements except those slated for C&S procedures in­
cluded other repairs uch as grout undersealing and full-depth 
joint repair as indicated in Table 1. 

A suitable life cycle cost analysis procedure can be used for 
comparing the economics of various rehabilitation strategies 
included in the study. The data available for this purpose 
consisted of the pavement condition immediately before and 
after rehabilitation and the project cost along with its length 
and number of lanes. Because these projects were completed 
recently, long-term performance data will not be available for 
some time in the future. However, the method illustrated will 
be applicable when such data become available. 

SELECTION OF PROJECTS 

As stated earlier, 10 demonstration projects were selected by 
FHWA and ODOT for this study. Discussions with ODOT 
staff revealed that only a part of Project 8 (WYA-23-0.20) 
was given the listed treatment. Therefore, Project 8 is not 
included in the analysis. Also , Project 6 (MED-271-0.35/SUM-
271-0.00), which included a 3-in. AC overlay, was not con­
structed according to plan (the project was readvertised for 
bids after it was terminated and was completed by the bonding 
company) . As such, it was decided to exclude Project 6 from 
this analysis also. The remaining eight projects were selected 
for the cost analysis. 

LIFE CYCLE COST ANALYSIS 

Life cycle cost analysis is generally performed to evaluate 
alternative designs ofrehabilitation strategies. Although there 
is no unique method of calculating the life cycle cost of a 
pavement rehabilitation action, most highway agencies in­
clude initial cost, future maintenance , and rehabilitation costs 
in similar analyses. Some agencies consider user cost as an 
important component of life cycle cost analysis, but it is gen­
erally difficult to estimate. Salvage value is another compo­
nent of life cycle cost that should be included in the analysis 
if there is substantial difference in this value (because of var­
ious alternative strategies) at the end of the analysis period. 

Available literature on life cycle cost analyses was reviewed 
to select a suitable method of analysis for this study. The 
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TABLE 1 OHIO PAVEMENT REHABILITATION DEMONSTRATION PROJECTS 

Project Project start comp. 
Number Identification Rehabilitation Strategy Date Date 

1 CLA-70-20.92 Undersealing and necessary joint 04/12/84 10/1~/R4 
repairs. 10-inch mesh-doweled PCC 
overlay with 60 foot joint spacing. 

2 CLI-71-4 . 26 Undersealing all joints. q-inch 05/13/85 12/04/05 
mesh-doweled PCC overlay with 
skewed joints spaced at 27 feet. 

3 ATH-33-13.31 a-inch plain PCC with skewed 04/02/85 10/15/85 
joints at variable spacing. 

4 ATH-33-10.41 CPR. Full-depth and bonded PCC 09/04/84 05/31/85 
repairs of failed areas. Adding 
tied PCC shoulders and resealing 
all joints and cracks. 

5 FRA-70-0.02 Undersealing and joint repairs. 04/02/85 11/01/85 
Compqsite overlay, 3-inch AC on 
9-inch plain PCC, slurry seal bond 
breaker and saw/seal joint in 
overlay EB. 

6 MED-271-0.35/ Undersealing, joint repairs, tied 03/18/85 09/23/86 
SUM-271-0.00 PCC shoulder, 3-inch AC overlay. 

saw/seal joints in overlay. 

7 CLA-70-5.76 crack and seat existing PCC, and 08/06/84 07/31/85 
7-inch AC overlay. 

8 WYA-23-0.20 Crack and seat existing PCC, and 08/13/84 01/08/85 
6-inch AC overlay. 

9 LIC-70-9.55 EB Remove existing AC overlay, crack 08/21/85 10/11/86 
and seat PCC pavement, and 9-inch 
AC overlay. 

10 HEN-24/6-9.61 Minimum joint repair, 6-inch AC 03/12/86 04/24/87 
overlay. 

Alaska DOT Pennsylvania DOT, and AASJITO analysis 
methods were reviewed for this purpose ( 1- 3). Because of 
its simplicity, the Pennsylvania DOT analysis approach was 
used for this study. Figure 2 shows the use of this method for 
life cycle cost analysis of various rehabilitation strategies. 

alternative represents its relative economics when compared 
with the life cycle costs of other alternatives. H wev r, rhi 
comparability was not present for this study because different 
pavements were rehabilitated with different actions. The ini­
tial conditions of these pavements were not the same and the 
future traffic on these pavements will not be the same. There­
fore, this !udy provided rea ·onable means of accounting for 
difference in the life cycle cost analy ·e so that sts could 
be compared on an equitable basis. 

As indicated earlier, the life cycle cost of a given reha­
bilitation alternative generally consists of the following 
components: 

1. Construction cost of rehabilitation, 
2. Salvage value at the end of analysis period, 
3. Routine maintenance cost during the analysis period, 

and 
4. Rehabilitation cost (if required before the end of analysis 

period). 

To estimate the life-cycle cost, these cost components are 
combined in the following manner: 

Life cycle cost (Cost of major rehabilitation (initial)] 

+ (Routine maintenance cost during the analysis period) 

+ (Cost of any rehabilitation during the analysis period) 

- (Salvage value of pavement at the end of the analysis 

period) (1) 

Equaiion 1 is applicable to those cases for which life cycle 
co t of variou alternatives are to be determined for the same 
pavement or project. ln these cases, the initial condition of 
pavement and future traffic on the pavement are the same 
for all alternatives. Therefore, the total life cycle cost of each 

Two new terms that are specific to this study were intro­
duced in this analysis to address these issues. Initial condition 
of each pavement was converted into its dollar value and 
called "initial salvage" of the pavement. By adding this value 
to the total cost estimated by Equation 1, all pavements were 
brought to a common starting point of so-called "zero value." 
The life cycle cost thus obtained represented the total amount 
of doUars spent on the pavement during the ana lysis period. 
Further, because each pavement was expected to serve a dif­
ferent amount of traffic [measured in terms of 18-kip equiv­
alent single-axle load (E-18 )) during the analysi period, it 
was assumed that the life cycle cost of each pavement was 
used to serve the traffic expected on the pavement during the 
analysis period. Ther fore , an index called 'service cost in­
dex" (SCI) was used to determine the relative benefits derived 
from each rehabilitation action. This index was defined as 
follows: 

SCI = (Total numberofE-18s served by the pavement 

during the analysis period)/(Total life 

cycle cost estimated for the pavement) (2) 
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FIGURE 2 Typical distribution of yearly costs of maintenance and major maintenance during the analysis 
period. 

If it is assumed that the traffic growth rates in the future of 
all pavement included ia this analysis are the ame, then the 
total number of E-18s served by each paveme nt is propor­
tional to its daily E-18s. Therefore, daily E - 18s were u ·ed 
in the numerator of Equation 2. Also , in order to limit SCI 
values to less than JOO, the cost in the denominator was di­
vided by 1,000. 

Any period of.analysi could have been used for the purpose 
of this analy is. However, a period of 20 years was selected 
and used in this analysis. Brief descriptions of each cost com­
ponent are given in the following subsections. 

Construction Cost of Rehabilitation 

Construction costs for various rehabilitation actions were ob­
tained from ODOT records. The costs of each project in terms 
of do!Jars per lane-mile are presented in Table 2 along with 
the year each project was completed. The data presented in 
Table 2 are important when comparing final project cost . 

Projects l, 2, and 3 u ed portland cement concrete (PCC) 
as the rehabilitation method. If all other factors were equal, 
Table 2 would imply that LO-in. PCC cost significantly less 
(per lane-mile) than 8-in. and 9-in. PCC. Thi conclusion i 
unreasonable; not all factors were equal between the project . 
That is each project wa bid according to the specific re­
quirements of the project so the contract price per lane-mile 
was peculiar to the project, the project 's condition , and the 
rehabilitation method. 

The same sort of situation existed between Projects 7 and 
10. A first look at Table 2 may imply that C&S and 7-in. AC 
overlay (of Project 7) generally is less costly per lane-mile 
than the conventional 6-in. AC overlay of Project 10. Thi 
conclusion is not correct generally, but is a result of the con­
ditions involved in each project and not solely because of the 
rehabilitation method. 

Salvage Value at the End of Analysis Period 

Salvage value is the residual value of the pavement or its 
reusable material at the end of an analysis period (3). Because 
there are no well-defined formulas available to estimate the 
salvage value of a given pavement, it wa proposed to use a 
simple method that was ba ed on the remaining Jjfe of the 
pavement. For this purpose, it was assumed that a new pave­
ment had a salvage value of 100 percent and a pavement with 
no remaining life had a salvage value of 0 percent. Thus, the 
salvage value at the end of the analy is period was estimated 
by the following relationship: 

Salvage value = (NR/ND) 

x (Cost of new pavement) (3) 

where 

NR remaining life of pavement in terms of E-18s, and 
ND design life of pavement in terms of E-18s. 

After con idering everal alternatives, it was decided to use 
the AASHTO design equations for estimating the design l.ife 
ND (3) . Remaining life NR, was estimated by the following 
relationship: 

NR =ND - [NumberofE-18sestimatedfortheanalysis 

period (20 years) from traffic data collected at 

the beginning of the rehabilitation] (4) 

The cost of new pavement is the average cost of new con­
struction per lane-mile as determined by the Ohio DOT for 
the construction year 1988. A summary of salvage value es­
timates is presented in Table 3. 
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TABLE 2 INITIAL COST PER LANE-MILE 

Contract Cost Project Length No. Of Year 
Project Rehab. per Lane-Mile ($) (Miles) Lanes Completed 

l. CLA-70-2 .92 10 PCC 238,143 4a2 4 1984 

2. CLI-71-4.26 9 PCC 321,057 3.0 4 1985 

3. ATH-33-13.31 8 PCC 299,141 2.2 4 1985 

4. ATH-33-10.41 CPR 70,478 2.8 4 1985 

5. FRA-70-0.02 3AC/9PCC 254,913 3.4 6 1985 

7. CLA-70-5.76 C&S*/7AC 167,976 5.2 4 1985 

9. LIC-70-9.55EB C&S*/9AC 213,649 6.4 2 1985 

10. HEN-24/ 6 11 AC 168,743 4.9 4 1987 
6-9.61/16/43 

•c&s: crack and Seat 

TABLE 3 SUMMARY OF SALVAGE VALUE ESTIMATES AT THE END OF ANALYSIS 
PERIOD (COST PER LANE-MILE) 

Project PSI Measured Design Life Number of E-18 *"Salvage at **Salvage in 
Number Immediately Estimated Expected During the End of 1988 Dollars 

After Rehab. from AASHTO 20 yrs., N 20 yrs., 
Equatign, ND 

(106) (10 ) (%) ($) 

RIGID PAVEMENTS 

1 3.6 62 45 27 111,375 
2 3.9 43 37 14 57,750 
3 4.3 10 6 40 165,000 
4 3.4 5 5 0 0 
5 4.2 88 65 26 107,250 

FLEXIBLE PAVEMENTS 

7 4.6 21 14 33 136,125 
9 4.2 35 35 0 0 

10 3.9 7 13 0 0 

* % Salvage ~ 100 (ND-N)/ND 
** Based on cost of new pavement @ $412,500/lane-mile 

Initial Salvage 

As mentioned earlier, initial salvage is the dollar value of 
each pavement just before the major rehabilitation was ap­
plied to the pavement. A method simila r to the mentioned 
method was used to estimate this value for all pavements. 
The design lives for these pavements were determined from 
the AASHTO (3) design equation using the original design 
thickne ·e (before new overlays) and their material prop­
erties. Remaining lives for tbe e pavements were determined 
by subtracting the estimated number, N, of E-18s to reach 
the PSI before rehabilitation from the design number ND, 
of E - 18s. A summary of initial ·alvage value calculations is 
presented in Table 4. 

Routine Maintenance Cost 

The routine maintenance rnsl for each pavement during the 
analysis period was estimated by the ODOT Bureau of Main­
tenance from its records. According to these estimates, rou-

tine maintenance cost increased from zer immediate ly after 
major rehabilitatjon repair to about $4 000 per lailt;-111ile after 
20 years. Thu , a tepwi e increase of $200 per year was 
assumed for !his purpo ·e. F r example . routine maintenance 
cost 1 year after rehabilitation is $200 per lane-mile, after 2 
years it is $400 per lane-mile , and ·o on. Although these costs 
should differ for flexible and rigid pavements, it was decided 
to use the average values in this analysis; the results are not 
expected to be ignificantly affected by this a ·sumption . 

A maintenance ·chedule for each project was prepared by 
ODOT engineer u ing their pr vious experience in this area. 
These schedules are hown in Figur . Routine maintenance 
costs for each project were estimated from this schedule. Table 
5 presents the yearly maintenance costs for Project 1. Similar 
tables were prepared for other projects. 

Rehabilitation Cost 

A schedule of routine maintenance and rehabilitation was 
developed for each project with the help of ODOT engineers 
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TABLE 4 SUMMARY OF ESTIMATES OF INITIAL SALVAGE VALUE BEFORE 
REHABILITATION (COST PER LANE-MILE) 

Project ND, 18KGESAL, PSI before N, 18K6ESAL NR Salvage ••• Salvage Value 
Number (10 ) Rehab. (10 ) =ND-N NR/ND, ( 1988 dollars) 

(106 ) (%) ($) 

l 5.7 3.1 2.5 3.2 56 231,000 
2 5.7 1.9 4.9 0.8 14 57,750 
3 2.5 2.6 l. 7 a.a 32 132,000 
4 5.7 3.2 2.2 3.5 61 251,625 
5 5.7 2.5 3.7 2.0 35 144,375 
7 5.7 2.7 3.3 2.4 42 173,250 
9 NA* NA* NA* NA* 30** 123,750 

10 NA* NA* NA* NA* 30** 123,750 

* NA - not available 
•• Estimates based on condition of existing structure 
••• Based on cost of new pavement @ $412,500/lane-mile 

as shown in Figure 3. This schedule included a period of 20 
years after rehabilitation for each project. Rehabilitati n ac­
tions recommended for each project during l'hi · period repre­
sent the best estimates of ODOT engineers experienced in 
similar projects. Costs of proposed rehabilitation actions were 
estimated using current ODOT cost records. Actual costs for 
each type of rehabilitation used in this study are presented in 
Table 6. 

Inflation and Discount Rates 

Because most of the costs were available in 1988 dollars, it 
was decided to convert each cost component into 1988 dollars. 
In order to convert the money spent in years other than 1988, 
an inflation rate of 4 percent was assumed. Two typical dis­
count rates of 6 and 10 percent were used to estimate the 
present worth of future costs. 

10~ PCC 

ANALYSIS OF DATA 

Life cycle cost aaalysis of each project was performed with 
the help of Equation l and the data describ d in the previou 
sections. The cost of initial alvage, as described earlier was 
added to Equation 1 for estimating the life cycle co t for the 
analy is period (20 years). An example of typical calculations 
performed for Project 1 is presented in Table 5. Similar cal­
culati n were performed for the remaining project elected 
for thi analysis and the results are ummarized in Table 7. 

Estimates of E-18s per day, as calculated by the ODOT, 
were obtained for each project and are presented in Table 7. 
These values along with the life cycle cost estimates were used 
to calculate SCI values for each project with the help of Equa­
tion 2. The SCI values obtained are listed in Table 7. Using 
these values, each project was ranked from 1 to 8 (Rank 1 
re pre. ented the highest SCI and Rank 8 represented the low­
est). A summary of all calculations performed for this analysis 
is presented in Table 7. 

Grinding 

Routine Maintenance Joint & Crack Sealing Routine Maintenance 
!--~~~~~~--'~~~~~~~~~~) 

0 6 9 10 11 12 1J 14 5 16 17 18 19 20 

PROJECT 1. CLA - 70-20.92 

9" PCC. Grinding 

Routine Maintenance Joint & Crack Sealing Routine Maint enance 
1~~~~~~~~~~~~~~~~~---1) ~~~~~~~~~~~~--1 

0 6 7 9 10 11 12 IJ 14 15 16 17 18 19 20 

PROJECT 2. CLJ- 71-4.26 

8" PCC 
Routine Maintenance 

Grinding 
Joint & Crack Sealing Routine Maintenance 

0 6 9 10 11 12 IJ 14 15 16 17 18 19 20 

PROJECT 3. ATH- 33-13.31 
FIGURE 3 (continued on next page) 



240 

CPR 
(Modified) 

TRANSPORTATION RESEARCH RECORD 1307 

Routine Maintenance Routine Maintenance * >.. ~.ul.Jn_LJ 

~0'---'-'--a;:_--'"----'-.:__-"'----'-'G'---"--......i:..-.....o.=..9_-'-'-"l0,__~1~1-~1~2-L1~3__,~!4:__~1~5-...L...:1 6'--~1~7-L1~8__,c..::....~20 

3" AC on 
g" PCC 

to 11 12 p 

PRUJHC'J' 4. ATH- 33-10.41 

Milli &- F'lll 
(J 'h " AC) 

Routine Maintenance 

M 16 J7 

PROJECT 5. FRA- 70-0. 02 

Routine Mainten ance 

Crack &- seat Milli & Fill 
+ 7" AC (1 1/e " A C) 

R t · "' · t Routine Maint enance 

l~o-~~-,~----l~2-=.-=.-::..-~~--o-=_u-=._1-;~n-=-e-=.-=.:-5~~,a-=-i_n_-~l:-=-n-=-a-=-n-=-~-=-e-=--=--a~--~__.~~9-~t1~0_.1~1~1 __ 1~2~~13"--"-'4--"-'-5_-L....,;15_~1_7_~18"--'-'19___.20 
PROJECT 7. CLA - 70-5. 76 

Crack & Seat 
+ 9" AC .Mil/ & Fill 

1 
_ _ _ R_o_u _tin_ e _M._a_i_·n_te_n_a_n_c_e _____ 

1 
(I ~- ,1C) ~---R_o_u_t1_·n_e_M_a1_·n_t_en_a_n_c_e ______ j 

p 12 13 1 ~ 15 16 17 s f9 fi o p 1 12 p3 J14 ts (16 117 pa !!2_]20 

PROJECT 9.LJC- 70-9. 55 E.B. 

6" AC Mi l/ & Fill Mi l/ & /iW 
Routine M8in tensnce ( J a" AC) Routmn M/Ji'n t ahari ct! ( l /2• AC) R t · At f. t 1--------- --I ~~~~~~~~-.. ~~--X (1-~ou~m~e~g~n~"n="="~"c~e_, 

0 2 6 7 9 10 11 12 1J 14 5 16 17 18 19 20 

PROJECT JO.HEN 24/6 9.61/ 16.43 
FIGURE 3 Schedule of routine maintenance and rehabilitation. 

DISCUSSION OF RESULTS was lowest in cost at the beginning of the period but it was 
last in cost-effectiveness at the end of the analysis period. 

A straight forward me thod for the li fe cycle cost analysis of 
various rehabilitation actions used in exi ·ting pavement · has 
been de. cribed. However, data to verify the various a ump­
tions used in this analysis will not be available for everal 
years because the projects have b en rehabilitated only re­
cently. Keeping the limitation and the assumption u ed in 
thi analysis in mind, the results of this analysis are discussed 
in the following paragraphs. It is important to note here that 
the discount rates of 6 and 10 percent did not change the 
rankings of projects based on SCI; therefore, the following 
discussions will not mention this further. 

Project 5 ranks (irst in cost-cffectivenes (S I) according 
to Table 7 although it was not lowest in it. initial co t (, ee 
Table 2) . Alter.natively , Proj1::i.:L 4, which used a CPR action 
because of its better initial condition and low daily traffic, 

Project 1, which used 10-in. PCC overlay, was second be­
hind Project 5 in cost-effectivenes at the end of the period . 
The results in Table 7 indicate that a savings in rehabilitation 
cost may be realized by using P C overlays (either 9 or 10 
in.) for pavements of high traffic volume. 

Project 7 and 9, which were rehabjfjtated with & plu 
AC layers, ranked 5th and 4th , re pectively according to 
Table 7. The 9 in . of overlay used in Project 9 . erved signif­
icantly more E- 1 s per $1 ,000 than the 7-in. ovc::rlay u ·ed in 
Project 7 . 

It is interesting to compare Projects 7 and 10. According 
to the SCI values of Table 7, the 6-in. overlay of Project 10 
wa not a economical as the treatment for Project 7. That 
is, although lraffic was about the same for both projects, 
Project 7 wn supe1ior t Project 10 ind ily ·ervice p r $1 ,000. 
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TABLE 5 LIFE CYCLE COST ESTIMATE OF PROJECT 1, 
CLA-70-20.92 

Year Maintenance Cost per Cost Present Worth 
Actions Lane-Mile Inflated (1988 dollars) 

(1988 dollars) @ 4t 
Disc. Disc. 
@ 6% @10% 

0 10 11 PCC 398 , 220* 398,220 398,220 398,220 

1 Routine Maint 220 208 196 189 
2 Routine Maint 400 433 385 358 
3 Routine Maint 600 675 567 507 
4 Routine Maint 800 936 741 639 
5 Routine Maint 1,000 1,217 909 755 
6 Routine Maint 1,200 1,518 1,070 857 
7 Routine Maint 1,400 1,842 1,225 945 
8 Routine Maint 1,600 2,190 1,374 1,022 
9 Routine Maint 1,800 2,562 1,516 1,087 

10 Routine Maint 2,000 2,960 1,653 1, 141 
11 Routine Maint 2,200 3,387 1,784 1,187 
12 Grinding J&C 

Seal 67,370 107,862 53,604 34,368 
13 Routine Maint 200 333 156 96 
14 Routine Maint 400 693 306 182 
15 Routine Maint 600 1 , 081 451 259 
16 Routine Maint 800 1,498 590 326 
17 Routine Maint 1,000 1,948 723 385 
18 Routine Maint 1,200 2,431 852 437 
19 Routine Maint 1,400 2,950 975 482 
20 Routine Maint 1,600 3,506 1,093 52 

Total 485,990 538,449 486,392 443,965 

•Cost (1988 dollars) = Initial salvage + construction cost of 
rehabilitation - salvage at the end of 
analysis period 
(231,000 + 238,143 x 1.044 

- 111,375) 
= 398,219 

TABLE 6 UNIT COST OF VARIOUS REHABILITATION 
ACTIONS USED IN THIS STUDY (1988 DOLLARS 
PER LANE-MILE) 

ACTION COST/Lane-Mile 

1. Reconstruction with rigid $ 412,500 

2. CPR $ 183,000 

J. Joint and Crack Sealing $ 46,250 

4. Grinding $ 21,120 

5. AC overlay (3" or less) $ 71,750 

6. Mill and Fill (1 1/2 11 Overlay) $ 71, 750 

7 . Routine Maintenance Calculated $ 2oon 
by the formula: cost = 200 n, 
where n is the number of years 
after rehabilitation and cost 
is the dollar amount per lane-
mile. 

This may suggest that the C&S action before overlay may 
have an influence on rehabilitation techniques under appro­
priate conditions in the future. However, this possibility must 
be considered in the context of the limitations under which 
this study was performed. 

Project 3 was overlayed with 8-in. PCC. Projects 1 and 2 
were overlayed with 10- and 9-in. PCC, respectively, because 
of expected higher traffic requirements compared with those 
of Project 3. The cost-effectiveness of Project 3 compared 
with that of either Project 1 or 2 is low and thus it appears 
that PCC overlay on pavements with light traffic may not be 
economical. An AC overlay may be more economical for low­
trafficked pavements (compare Projects 3 and 10). 

Finally , according to Table 7, Project 4, which used a mod­
ified CPR initially and an additional subsequent CPR with a 
nonstructural overlay during the analysis period, was esti­
mated to be the least cost-effective among all rehabilitation 
strategies . Good original pavement condition (PCR = 64 and 
PSI = 2.6) and low traffic (700 daily 18-K ESALs) normally 
permits the use of such actions . Although such actions cost 
less initially, the cost of future repair and maintenance may 
lead to more expenses than are likely on other rehabilitation 
options that are more expensive initially . 

In summary, the procedure used to estimate life cycle costs 
of various rehabilitation strategies seems to be reasonable but 
is only one of many methods currently used by others . The 
results obtained using this method appear acceptable within 
the context of current engineering practice. Future applica­
bility will be established when field data become available. 

CONCLUSIONS 

On the basis of the information obtained in this study, the 
following conclusions can be drawn: 

1. An estimate of pavement rehabilitation life cycle cost 
involving alternative actions can be obtained by combining 
the following cost components: 

• Initial cost of the rehabilitation action, 
• Rehabilitation cost during service life, 
• Routine maintenance cost, and 
• Salvage value before initial rehabilitation action and at 

the end of the service life period. 
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TABLE 7 SUMMARY OF LIFE CYCLE COST ANALYSIS 

Discounted @ 6\ Discounted @ 10% 

Proj. Rehab. Estimated Life-cycle 
No. Action E-18 Cost, $1,000 

per day (in 1988 $) 

1 10 11 PCC 6,100 468.4 

2 9" PCC 5,000 431. 3 

3 8" PCC 850 373.7 

4 CPR 700 552.5 

5 3" AC/ 8,950 397.2 
9" PCC 

7 C&S/ 1,850 301.3 
7 11 AC 

9 C&S/ 4,800 439.3 
9" AC 

10 6 11 AC 1,800 427.2 

Suitable inflation and discount rates can be used for this 
analysis. 

2. In order to compare life cycle costs of various rehabili­
tation actions, a service cost index (SCI) based on the number 
of E-18s served per $1,000 of life cycle cost per day can be 
used. 

3. Using the SCI values obtained for this study, it was found 
that PCC overlays with or without AC overlay are cost­
effective under conditions of high traffic (5,000 to 8,950 E-
18s per day, see Projects 1, 2, and 5). For low traffic condi­
tions, 8-in. PCC overlay was relatively expensive. 

4. AC overlays with C&S are slightly less expensive (meas­
ured by SCI) than AC overlay without C&S (Projects 7 
and 10). 

5. Costs of AC overlays effectively decrease with increasing 
AC thicknesses for moderate-traffic (4,800 ESAL/day) com­
pared with low-traffic (1,800 ESAL/day) conditions (Projects 
7, 9, and 10). 

6. CPR is least expensive in initial cost but most expensive 
in life cycle cost for the low-traffic conditions under which 
the project was built (see Project 4). 

RECOMMENDATIONS 

It is recommended that the ODOT continue to collect perfor­
mance data every year for use in further evaluation of the 
maintenance and rehabilitation procedures that have been 
used in this study. Long-term performance of these pavements 
will enable them to determine the effectiveness of the reha-

Ranking Life-Cycle Ranking 
Based on Cost, $1,000 Based on 

SCI SCI (in 1988 $) SCI SCI 

13.0 2 444.0 13.7 2 

11.6 3 407.0 12.3 3 

2.3 7 349.2 2.4 7 

1. 3 8 486.l 1. 4 8 

22.9 1 370.1 24.2 1 

6.14 5 277.7 6.7 5 

10.9 

4.2 

4 415.7 11. 5 4 

6 387.5 4.6 6 

bilitation techniques and develop guidelines for future 
actions. 
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