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FOREWORD 

This report, FHWA/RD-86/099, discusses the results of research conducted by 
Sheladia Associates, Inc. for the Federal Highway Administration (FHWA), Office 
of Research, under Contract DTFH61-81-C-00004. The work was part of FCP Project 
SM, "Rehabilitation and Maintenance of Low-Volume Roads." Volume 4 -- Cost 
Benefit Analysis contains information useful in studying the economic evaluations 
needed to determine if stabilization is a viable option in reducing highway 
construction costs. 

The information in this report discusses the four commonly used methods of soil 
stabilization in six climatic regions representative of the United States. Cost 
analyses of stabilization alternatives versus non-stabilization techniques were 
based bn comparison of present worth using assumptions for the interest rate. and 
life cycle time. The alternative having the least present worth was the method 
generally favored. Some case studies were presented supporting the conclusion 
that soil stabilization is a preferred design option. 

Copies of Volume 1--Executive Summary (FHWA/RD-86/096) and Volume 4 are being 
given widespread distribution by FHWA to Technology Transfer Centers through the 
Rural Technical Assistance Program. Additional copies of these reports along 
with Volume 2--Road Engineer's Guide (FHWA/RD-86/097) and Volume 3--Road 
Builder's Guide (FHWA/RD-86/098) can be obtained from the National Technical 
Information Service, 5285 Port Royal Road, Springfield, Virginia 22161. 

NOTICE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its contents or use thereof. 

The contents of this report reflect the views of the authors who are re­
sponsible for the facts and the accuracy of the data present;d herein. The 
contents do not necessarily reflect the official policy of the Department of 
Transportatfon. This report does not constitute a standard specification or 
regulation. ' ' 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturers' names appear herein only because they are considered 
essential to the object of this document. 
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INTRODUCTION 

BACKGROUND 

Over 70% of this country's road miles are unpaved. Most of 

these roads need to be upgraded either to satisfy user's demand 

or to reduce excessive maintenance costs. American Road 

Builders Association's Education and Information Guide titled 

"Materials for Stabilization" (Ref. 1) recommends the considera­

tion of soil stabilization as a tool for economic roadbuilding, 

conservation of aggregates, investment protection, and roadway 

upgrading. Inspite of these and other favorable recommenda­

tions, the application of soil stabilization treatments has not 

gained widespread consideration for upgrading of low-volume 

roads. The definition of low-volume roads adopted for this 

study is shown in Figure 1. 

To promote the consideration of soil stabilization treat­

ments and to realize its benefits a two phase study was initi­

ated. The Phase I study provided for the identification of soil 

stabilization treatments; development of statistical data from 

federal low-volume road agencies i.e. US Forest Service, 

National Park Service, Bureau of Indian Affairs, Bureau of Land 

Management; development of case situations; and administration 

of a five member advisory panel to provide input in the 

development of work plan for Phase II. A two day project review 

and progress session was held in November 1981. Reference 2 

provides a brief report of this two day review session. The 

Phase I Final Report (Ref. 3) titled "Roadbed Soil 

Stabilization" was submitted to the Contract Manager in May 

1982. 

As a result of Phase I progress review session, the Phase 

II statement of work was finalized in August 1982 and Phase II 

study was initiated in September 1982. This document titled, 
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Low-Volume Roads 
Definition 

Low-Volume Roads are Service Roads in a 
Particular Area 

Designed and Constructed with Minimum 
Serviceabil.ity Requirements 

As Necessary and Sufficient to Enable All 
Vehicles Common to the Area 

T·o Travel Unassisted and Safely with Reduced 
Priorit'/ for Speed and Comfort 

Figure 1 

. . .. 

..... 



"Volume 4 - Cost-Benefit Analysis" is one of four documents 

comprising the project Phase II Report. Volume 1 

Executive Sunnnary, Volume 2 - Road Engineer's Guide, and 

Volume 3 - Road Builder's Guide are three separate documents 

representing the Phase II report. 

PURPOSE 

The cost-benefit analysis of low-volume road pavements with 

and without the condition of soil stabilization was to document 

the value received for expenditures made to stabilize roadway 

soils. The purpose of this analysis was to provide 

justification for the use (or non-use) of soil stabilization 

under specific climate and availability of materials. 

SCOPE OF WORK 

The scope of work for this study required accomplishment of the 

following tasks: 

1. Case study selection and data collection for 24 potential 

case situations to represent four stabilization treatments 

(lime, asphalt, cement, and lime-fly ash) in each of six 

climatic regions and identification of equivalent 

nonstabilized road sections. The six climatic regions are 

shown in Figure 2. 

2. Conduct cost-benefit analysis of the selected case studies 

to document the value received for expenditures made to 

stabilize roadway soils. 

3. Summarize cost-benefit analysis to provide justification for 

the use (or non-use) of soil stablization under specific 

climate and availability of materials. 

3 
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FIGURE 2 

s,x·cLIMATIC REGIONS IN THE 
UNITED STA TES FOR USE IN 

HIGHWAY TECHNOLOGY 
As defined by University of Illinois 
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4. Development of detailed methodology to conduct economic 

analysis. 

5. Development of energy consumption comparison for selected 

case situations with stabilization and equivalent paveroent 

without stabilization. 

METHODOLOGY 

The study approach to develop potential case situations 

included review of available information compiled in Phase I. 

This review provided a basis to select eight states to represent 

six climatic regions and to cover four stabilization treatments 

(lime, asphalt, cement, and lime-fly ash). A listin~ of the 

selected states and corresponding climatic region is as 

follows: 

No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

State 

Florida 

Idaho 

Illinois 

Iowa 

t-.'ew York 

Oregon 

Texas 

Virginia 

Climatic Region 

I 

VI 

II & III 

III 

III 

V 

IV & V 
a 

II 

All county as well state highway departwents of the above 

listed eight states were surveyed for the use and non-use of 

soil stabilization treatments. This survey identifed almost all 

the case situations and reasons why soil stabilization was not 

used. Additional contacts included us Forest Service Region 6, 

National Lime Association, National Ash Association, Asphalt 

Institute, Portland Cement Association, Phase I study advisory 

6 
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panel members, and some soil testing laboratories. In addition, 

several state, county and local highway officials were contacted 

to provide input with respect to the use of soil stabilization 

treatments and identification of local design standards for low­

volume road pavements. 

The project characteristics such as trafficv location, and 

type of treatment were screened to select localities for site 

visits. The site visits were coordinated with respective con­

tact officials. The information collected from these site 

visits and interviews with road officials was catalogued to form 

the data base. 

The current design practices whether rule of thumb designs 

or formal pavement design procedures utilize equivalency factors 

for various materials to develop pavement material options. The 

American Association of State Highway and Transportation 

Officials (AASHTO) Interim Pavement Design Guide (Ref. 4) lists 

values of structural layer coefficients for various materials. 

Reference 5 (Design Guide for Secondary Road Pavements in 

Virginia) lists equivalent layer thicknesses for pavement mater­

ials including aggregates and soil stabilization treatments. 

Using local equivalency factors, the equivalent pavement design 

with full depth crushed aggregtes was developed for each of the 

case situation. The full depth crushed aggregate base course 

represented the pavement condition without stabilization. Due 

to generally high cost of full depth bituminous concrete or 

cement concrete, these pavement options were not considered in 

the analysis. 

The life cycle costing criteria of comparing pr~sent worths 

was selected to document benefits of using soil stabilization 

treatments. This approach simply means that stabilization 

should be used when it results in the lowest present worth. The 

energy analysis was conducted by comparing the energy demand 

7 



required for pavement with and without stabilization. Reference 

6 was used to calculate the energy demand for both conditions 

with and without stabilization. 

Low-volume roads using soil stabilization treatments 

require some type of seal coat. For the most part one or more 

coats of chip and seal can provide satisfactory service. For 

the purposes of this report the equivalent pavement design 

without stabilization was assumed to be of full depth crushed 

aggregates or gravel base meeting specifications and having the 

same seal coat as the pavement with stabilization. 

The low-volume unpaved or gravel surfaced roads may also 

provide satisfactory service for low traffic volumes. However, 

these gravel surfaced roads require seasonal grading, blading, 

and application of dust control agents. Regravelling is also 

required about every 2 to 4 years to replace gravel loss of 

approximately 1/2" to 1" per year. As traffic volume and 

intensity increase, the gravel surfaced roads generate more road 

users complaints such as dusting, flying stones, noise, poor 

riding quality, increased damage to vehicles and increased 

travel time. In addition, to provide safe and satisfactory 

service maintenance costs also increase. The excessive 

maintenance costs and road users' complaints can be eliminated 

by upgrading an unpaved road. The upgrading options for unpaved 

roads should consider the use of both pavement options with and 

without stabilization. An economic analysis excluding user 

costs should be conducted to identify the most cost effective 

approach. The data base does not contain case histories of 

earth or gravel surfaced roads, however, an economic analysis 

method is detailed to conduct such an analysis. 

e 



COST-BENEFIT ANALYSIS 

GENERAL 

The main objective of the cost-benefit analysis is to 

provid_e information with respect to cost-effectiveness of 

feasible options. It should be noted that the analysis solution 

is only a numerical quantity that is used as a tool in reaching 

the ultimate decision and is not the decision in itself. 

For comparing cost-effectiveness of feasible pavement 

options, Reference 7 (Highway Engineering Economy) recommends 

four common methods for comparing economic worth of alternative 

proposals. These methods include: 

(1) Comparison of present worth of costs 

(2) Comparison of equivalent uniform annual costs 

(3) Ratio of annual benefit to annual cost 

(4) Rate of return on investment 

The use of each method will lead to the selection of the 

same alternative as being the most advantageous economy-wise. 

These methods of analysis require the use of standard compound 

interest formulae to derive a solution. These formulae require 

the use of i (interest rate/period), n (analysis period), and 

cash flow disbursements throughout the analysis period. 

The technique of comparing present worth of costs is the 

method selected for the purposes of this report. In this method 

the alternative having the minimum present worth is selected. 

The present worth represents the sum which would be required at 

the present date to finance all future outlays at their 

appropriate dates. The analysis period must be equal for all 

alternatives being considered. 

9 



AL::iU,'-'.P'i.iC:IIS AND DATA REQUIREMENTS 

Values are estimated for the values of i, n, and cost 

components such as administration, construction, maintenance, 

and user costs. The administration and user costs for pavement 

options with and without stabilization are generally eliminated; 

i.e. these costs are assumed to be the same for both options. 

These costs are generally difficult to define. The interest 

rate can be estimated based on the probable rate of interest to 

be paid on long term borrowing by the concerned agency. For 

this report, an i of 8% per year has beem assumed. The analysis 

period n is generally taken to be 20 years for paved roads. If 

present worth cost is to be computed only for gravel surfaced 
roads, the analyis period of 10 years may be considered more 

reasonable. The construction costs should be estimated based on 

prevailing unit prices for various materials, transportation, 

labor, and equipment costs. The maintenance costs for gravel 

surfaced roads should include grading, application of dust 

control, and regravelling to satisfy road serviceability 

requirements. The maintenance costs for chip and seal surfaced 
roads with or without soil stabilization should include chip and 

seal coat. The frequency of maintenance activities and its 
costs should be based on local experience. 

ILLUSTRATIVE PROCEDURE 

To illustrate the use of life cycle costing in the decision 

process, let's assume that three pavement alternatives A, B, and 
C have been developed for upgrading a one mile section of a 
gravel surfaced low-volume road. It is assumed that each 

alternative will provide a satisfactory service level for 20 

years; user costs, administrative costs, and residual value are 
considered same in all alternatives and therefore not analyzed. 

It is assumed that for each alternative routine inspections, 
spot patching, grass mowing, shoulder and drainage improvements, 

1 0 



if required, will made during the 20-year life, and cost is con­

sidered same for all three alternatives. These costs are thus 

excluded from the analysis. 

Alternative A, existing gravel surfaced road without stabi­

lization, provides for no new improvement to the road. Under 

this alternative it is estimated that the road will require 2 

inch compacted gravel to meet minimum serviceability require­

ments, six gradings per year, six applications of a dust control 

agent per year, and regravelling (2 inch compacted gravel) every 

3 years. 

Alternative B, chip and seal surfaced road with stabiliza­

tion, provides for the upgrading of road by the use of 6 inch 

soil cement (in place mixing to a strength of 400 psi) and one 

layer of chip and seal coat. Soil cement is used for illustra­

tion only, the appropriate stabilization agent and its rate of 

application should be determined based on soil inspection and/or 

analysis. The estimated pavement maintenance includes applica­

tion of a chip and seal coat every 5 years. 

Alternative C, chip and seal surfaced road without stabili­

zation, provides for the upgrading of road by the use of 6 inch 

depth specifications material of crushed aggregate base and one 

layer of chip and seal coat. The estimated pavement maintenance 

includes application of chip and seal coat every 5 years. 

Having defined the feasible alternatives including con­

struction and maintenance strategies, the next step is to esti­

mate the appropriate values for i and n. For this illustration, 

i of 8% per year and n of 20 years have been used. 

A summary of estimated costs for each alternative is now 

developed. The cost estimates, as a rule, should include 

construction, maintenance and other costs which will be required 

1 1 



to provide the dP~ired service over the analysis period. The 

present worth analysis for alternatives is shown in Table 1A, 

18, and lC. A summary of present worths for these alternatives 

is shown in Table 1D. 

The equivalent pavement design for conditions with and 

without stabilization can be computed by using appropriate 

thickness equivalency values for materials under consideration. 

A general correlation of thickness equivalency values is shown 

in Table 2. 

COMMERTS 

Alternative B, chip and seal surfaced road with stabiliza­

tion, has the least present worth of $5.92/square yard (sy). 

During the 20-year analysis period, Alternative B would provide 

a net saving of $1.75/sy (7.67-5.92) over Alternative A and 

$1.55/sy (7.47-5.92) over Alternative C. These savings are in 

constant dollars for year of construction as the base year. For 

one mile long and 22' wide road section, the total net savings 

for Alterntive Bare estimated to be approximately $22,587.00 

(1.75 X 5280 X 22 X 1/9). 

Alternative B with stabilization also provides conservation 

of good quality aggregates. For one mile long and 22' wide sec­

tion, the net savings in aggreagates are estimated to be 
, 

approximately 4,000 tons when compared with Alternative C and 

approximately 10,000 tons when compared with Alternative A. 

It should be noted that the present worths are sensitive to 

the value of i. It is suggested that this value should be care­

fully selected. It should never be zero. Those who believe 

that the money used for road improvements is not borrowed and 

thus i of 0% is justified do not realize the opportunity cost of 

l 2 
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~ present wcrtn to t=ertcrm maintenance ac!1v1.ty 2.3 tcr 20 years is rW-120 s 1.20 x 3.10 • 

Tct.al present wcrtn ct ccnstruc:.1<T1 ano ma1ntenan0! tcr LO year ~nal 

1 3 

o. 15 
0.12 
1.20 

l.3U 
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TABLE 1B 

PRESENT WORTH ANALYSIS OP ALTERNATIVES 

(ALTERNATIVE B - CHIP AND SEAL SURFACED 
ROAD WITH STABILIZATION) 

COST COMPONENTS 

1. Initial Construction -
Referenced Period 

1.1 Cement delivered to 
site (30 lbs/per sq. yd) 

1.2 Manipulation 
1.3 Chip & seal coat 

COST 
(PER SQUARE YARD) 

$ 1.20 
1.25 
1.30 

Total initial construction cost or 
present worth------------------------------ 3.75 

2. Maintenance Activity 

2.1 Chip & seal coat every 5 years (item 1.3) 

Calculation of present worth of maintenance 
costs 

Formula PWMn = PDC times sum of P/F, where 
PWMn, PDC and P/F are defined 

in Table 1A. 
PDC 

Sum of P/F 

= 1 • 30 ( i tern 1 • 3) 

• Sum of P/F factors obtained 
from P/F column of appro­
priate interest rate table 
in Appendix for i=8% as shown 
below: 

Maintenance 
Performed in 
year (n value) 

5 
10 
15 
20 

w. 
0.68 
0.46 
0.32 
0.21 

Sum of P/F = 1.67 

Present worth to perform maintenace activity 2.1 for 20 
years is PWM20 = 1.30 x 1.67 = ---------------------- 2.17 

Total present worth of construction and maintenance --- 5.92 

1 4 



TABLE 1C 

PRESERT WORTH ARALYSIS OP ALTERNATIVES 

(ALTERNATIVE C - CHIP AND SEAL SURFACED 
ROAD WITHOUT STABILIZATION) 

COST 
COST COMPONENTS {PER SQUARE YARD) 

1. Initial Construction - Referenced Time Period 

1.1 Crushed Aggregates to site {6" compacted) 
1.2 Haul 25 miles @$.10/ton/mile 
1.3 Manipulation 
1.4 Chip and Seal Coat 

Total intial construction 
cost or present worth 

2. Maintenance Activity 

2.1 Chip & seal coat every 5 years {item 1.4} 

Calculation of present worth of maintenance 
costs 

$ 2.75 
0.75 
a.so 
1.30 

Formula PWMn = PDC times sum of P/F, where 
PWM

0
, PDC, and P/F are 

defined in Table lA. 

PDC 

Sum of P/F 

= 1.30 (item 1.4) 

= Sum of P/F factors obtained 
from P/F columns of appro­
priate interest rate table 
in Appendix B, for i=8% as 
shown below: 

Maintenance 
Performed in 
year {n value) 

5 
1 0 
1 5 
20 

Sum P/F = 

P/F 

0.68 
0.46 
0.32 
0.21 

1. 67 

5.30 

Present worth to perform Maintenance activity 2.1 for 20 years 
is PWM20 = 1.30 x 1.67 = ------------------------------- 2.17 

Total present worth of construcation and maintenance---- 7.47 

1 5 



TABLE 1D 

PRESENT WORTH ANALYSIS OF ALTERNATIVES 

( SUMMARY') 

ALTER!llATIVE 

A - Existing Gravel Surtaced Road 
Without stabilization 

B - Chip & Seal surfaced Road 
with Stabilization 

c - Chip and Seal Surtaced Road 
without Stabilization 

16 

PRESENT wORTH ~'UR 
i = 8%, n = 20 YEARS 

7.67 

5.92 

7.47 



TABLE 2 

THICKNESS EOUIVALENCY VALUES 

Based on review of literature and interviews with county and 

state highway agencies a general correlation for various 

materials presented in this booklet is as follows: 

1) 

2) 

3) 

4) 

Crushed Aggregate 

Soil-lime, soil-cement, soi !-asphalt, or soi 1-
lime-Fly ash 

Aggregate-asphalt or Aggregate-cement 

Soil-Aggregate-lime-fly ash, Soil-Aggregate 
-Cement, or Soil-Aggregate-Asphalt 

l" 

l" 

1,5'"' to 
2.0'"'* 

1,5"" to 
2.0"*"' 

" Road Mix 
""Plant Mix 

NUTE: The thickness equivalency values varies depending upon 

the design strength of the mix and quality control 

during construction. The state highway design guides 

can be used to determine thickness equivalency values 

for materials used in developing pavement 

alternatives. 

1 7 



using the money. One of the basic principles of economic 

analyses is a realization of the time value of money. 

The impact of inflation has not been taken into account. 

The maintenance costs are likely to be higher if inflation is 

considered. From a comparison point of view, this should not 

substantially affect the outcome. Therefore, the economic 

analysis can be made using present day costs. 

P/F and P/A values tor interest rates 4% to 15% and for n 

values up to 20 years are included in the Appendix. P/F and P/A 

values for any particular i and n can also be calculated by the 

use of the following formulae. 

p 

F 

= l and p 

A 

= 
n 

(l+i) -1 

i (1 + i)n 

For i = 8% per year and n = 20 years, P/F and P/A are computed 

as follows: 

20 
P = 1 = 0,21 and P = (1 + .08) - 1 = 9.82 

1:-· (1 + .08)20 A ,08 (l + ,08)20 

Using i = 8% table in the Appendix will also give the same 

values of P/F and P/A, It should be noted that to simplify 

calculations these values can be rounded oft to two decimal 

places. 

18 



CASE HISTORIES 

GEMERAL DATA 

Figure 3 shows the location, climatic region, and the 

stabiLization agent for 24 case histories. lhese case histories 

document the nationwide use of four commonly used stabilizers 

(lime, asphalt, cement, and lime-fly ash) in the construction of 

low-volume roads. In addition, the use of cement-fly ash is 

also documented. 

Consideration of about 50 possible sites plus information 

obtained during the site visits was necessary to provide a 

better understanding and distribution of case histories. 

Lime-fly ash projects in Texas and Virginia were built for 

experimental purposes. Due to the limited use of lime-fly ash, 

these projects have been considered for documentation. Some 

states in the climatic Region VI indicated no use of soil 

stabilization treatments. This probably was due to the 

abundance of aggregates as well as long periods of freezing 

temperatures. Several jurisdictions have used both calicum 

chloride and magnesium chloride as stabilization agents. These 

materials can also be used as dust control agents on earth or 

gravel surfaced roads. 

The general data of case histories is presented in Table 3. 

This table shows project title, location, designer, builder, 

climatic region, and type of soil stabilization treatment used 

for base and/or subbase. In addition, the source of project 

funding is also indicated. The percentage of aggregates, in the 

pavement design as-built, was estimated based on discussions 

with contact officials. 

19 
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TABLE 3 

GENERAL DAT A F<R CASE HISTCIUES 

CASE SOURCE OF CLIMATIC BASE/SUBBASE 
HISTffiY TITLE JtilJ LOCATl(J.I DESIGNEO BY BUI LT BY FUNUING f<EGI ffi TREATMENT 

1. Boyce Avenue, Orange County, Consultant Contractor County Wet-No Soi 1-Cement 
FL. Flori a Freeze (I) ( !>%) 

2 • Columbia Avenue, Osceola Consultant County County Wet-No Soil-Cement 
FL County, Florida Freeze (I) ( 12%) 

3. SW 10th Street, Okeechobee, State County County Wet-No ·. Aggregate-Cement 
FL Florida Freeze (I) (7%) 

4. Siphon Road, Bannock County, County County County Dry-Hard Soi 1-Agyregate-
10 Idaho Freeze (VI) Cement (60%, 5%) 

~- State Highway No. 8, Clearwater State Contractor Federal (84%) Ory-Hard Soi 1-Agg reg ate-
ID County, Ictaho State (16%} Freeze (VI} Lime (25%, 2%) 

N .... 
6. State Highway No. 7, Nez Perce State Contractor Federal (84%) lJry-Hard Soi 1-Agg regate-

IlJ County, Idaho State ( 16%) Freeze (VI) Lime (2!>%, 4%) 

7. County Rt. 29, White County, County County County Wet-Freeze Soi 1-Agg reg ate-
IL Illinois Thaw (I I) Cement (1~%, 10%) 

8. County Kt. 1, Vermillion County, County Contractor County Lvet-Freeze Aggregate-Asphalt 
IL Illinois Thaw (II) (4%-Kecycled) 

9. Rose Street, Stephenson County, Consultant County County Wet-Hard Soil-Aggregate-Lime-
IL Illinois Freeze (III) Fly Ash {20%, 4%, 

12%) (KeL 8) 

lU. County Rt. G-bl, Adair County, State Contractor State(80%} Wet-Hard Soil-Lime 
IA Iowa County (2 0%) Freeze (III) (4%, Subbase) 

11. County Rt. F-46, Poweshiek County Contractor State(80%} Wet-Hard Aggregate-Asphalt 
IA County, Iowa County(2U%) Freeze (I 11) (4% - Recycled) 



TABLE 3 (CONTD.) 

GENERAL DATA FOR CASE HISTORIES 

CASE SOURCE OF CLIMATIC BASE/ SUBBASE 
HISTORY TITLE AND LOCATION DESIGNED BY BUILT BY FUNDING REGION TREATMENT 

12. Mud Hollow Road, Pottawattamie County County County Wet-Hard Soi 1-Aggregate-
IA County, Iowa Freeze ( I II) Cement - Fly Ash 

13. County Rt. 42, Steuben County, Consultant Contractor County Wet-Hard Soil-Aggregate-Cement 
NY New York Freeze (III) (15%, 9%) 

14. County Rt. 67, Delaware County, County County County Wet-Hard Aggregate-Cement 
NY New York Freeze ( I II) (6%) 

15. County Rt. 514, Broome County, County County County Wet-Hard Soil-Aggregate-Cement 
NY New York Freeze (III) (15%, 6%) 

16. Airport Avenue, Benton County, County Contractor Federal(80%) Dry-No Soil-Lime ( 4%) 
OR Oregon County ( 20%) Freeze ( V) ( Sub-Base) 

N 
N 

17. Service Creek--Mitchell Highway State Contractor State Dry-No Aggregate-Cement 
OR (from Richmond Jct. to Girds Freeze ( V) ( 7%) 

Creek}, Wheeler County, Oregon 

18. Route No. 42, Mt. Hood National U.S. Forest Contractor U.S. Forest Dry-No Aggregate-Asphalt 
Forest, Oregon Service Service Freeze (V) Emulsion (7%) (Two 

layers (Ref. 9) 
\ 

19. Rowe Lane, Travis County, Texas County County County Dry-No Soil-Aggregate-Lime 
TX Freeze ( V) (80%, 5%) (Ref. 10) 

20. State Rt.· FM 1604, Bexar State Contractor State Dry-No Soil-Lime-Fly Ash 
TX County, Texas Freeze ( IV) ( 3%, 10%) 

21. Mercedes St., City of Consultant Contractor City Dry-No Soil-Lime ( 5%) 
TX Bennbrook, Texas Freeze ( V) ( Subbase) 

~ 
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N 
w 

CASE 
HISTffiY 

22. 
VA 

23. 
VA 

24. 
VA 

TITLE ~D LOCATl{JII 

State Rt. 721, King & Queen 
County, Virginia 

State Rt. 641, Isle of Wight 
County, Vi rgi ni a 

State Rt. 1821, Roanoke County, 
Vi rgi ni a 

TABLE 3 (COHO.) 

GENERAL DATA FCR CASE HISTOOIES 

SOURCE OF CLIMATIC BASE/SUBBASE 
DESIGNED BY BUILT BY FUNDING REGirn TREATMENT 

State Contractor State Wet-Freeze/ Soil-Cement (8%) 
Thaw (I I) (Subbase) 

State Contractor State Wet-Freeze/ Soil-Li me-Fly Ash 
Thaw (II) (5%, 10%) (Ref. 11) 

State Contractor State Wet-Freeze/ Aggregate-Cement 
Thaw (II) {5%} 



CONSTROCTIOR DATA 

Table 4 shows the construction data for case histories. 

This table also shows key project characteristics; i.e., traffic 

volume, design as-built, and construction cost/square yard. The 

cost is shown both for the time of construction and at present 

(1983)'. The equivalent pavement design without stabilization 

(Column 10) was computed based on thickness equivalency values 

for full depth specifications material crushed aggregates. The 
estimated construction cost of crushed aggregates and equivalent 

design is also shown both for the time of construction and at 
present (1983). The amount of money saved by using soil 

stabilization treatment for the study sections is shown in 

Column 13 and 14, for the prices for the year of construction 

and those for 1983 respectively. This saving was computed by 

comparing the cost of pavement with and without stabilization. 

The analysis indicate that soil stabilization treatments for the 

documented case histories (except No. 12, 13, and 18), on the 

average, saved over $22,000/mile using 1983 prices. For case 

histories -- No. 12 (in Iowa), No. 13 (in New York), and No. 

18 (in Oregon) -- soil stabilization treatments were not found 

to be cost effective. These three case histories, however, 

documents the consideration of soil stabilization treatments for 

the following reasons: 

1. To improve frost susceptibility of the base courses; 

2. To provide uniform strength to the base course for widening 

both sides of an existing road; 

3. To avoid raising the level of an existing roadbed; and 
4. To conserve large quantities of good quality aggregates. 

The performance (Column 15) is based on visual observations and 

interview with contact officials. 
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TABLE 4 

CONSTRUCTION IMTA FOR CASE HISTORIES 

PAVEMENT WI TH PAVEl4£NT I Sf1181LIZATION WITIIOUT STABILIZATION R£Jl:FIT5 OF 

STABILIZATION 

I 
OOST/SY !XlST/SY WI TH YEAR WIIH 

DESIGN (AS-6UILTI (YEAR OF COST /S1 EQUIVALENT llESIGN (YEAR OF COST/SY Of OONST. '''" Pf RF01¥>4A ICE 
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TABLE 4 (CONT'D) 

CON5TIIUCTION DITA FOi CASl HISTOIIES 
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I .w I Market I I (5J Trucks) I Ml•I I Mix) I 
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aggregate. 
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TABLE 4 ICXINT00 ) 

OONSllUCflOII IIIITA RIii OISE HISTil'IES 

PAVfME NT WITH PAV(MrNJ I r.ASf I PROJECT 

I Y(AR I L(N.TH I WIDTH I 
I Of I IN IN I I STABILIZATION WITltOUT STABILIZATION 

HISTOll"I TYPE I roNST. I MIL£ I n. I ADY I 
I I I I I I ""2 .. ,, I tESIGN IAS-41Ulll) I COST/SY I ms,,s, EQUIVALENT ClSIGN COSl/SY 

I I I I (YEAR Of ITEAR r:I 

I I I I I I I I CONST. I I 11911" CONST. I 

I I I 2 I , I • I ' I 6 I l I 9 10 11 

I I Far• to 
I I I I It 1911, I 1,0,0 24' I 210 I Doub la CII Ip a Seal Sl.40 11.40 lbuble CII Ip a Seal s 1.ao 

I ni I Market I 1101 Truc:k1I 4• Cruelled AggregAto '·" ,.,, 4" Cru1hed Agqregate I 1.1!1 

I I I l I 6• Soll ""ggr. -u-• 1.6' 1.6!1 6• l'ru.hed Aggreqete .. ,, 
I 11101 !Ill (Haul • 20 •IIHI 
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I l1I I Market I 1,1 lruckel I 10• ~,ushed Aggre- ,.o, I .... 10• Cru1hed Aggregate ,.o, 

I I I I I I I gate 

I I I I 6• Soll•U--f'ly 1.60 I 2.00 
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l I I 
,., ... 
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I I Cllaul • 'JO •llasl 
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I I I I 6• Soll-C.Nnt•• 2." 2," 10• Cruthad Aggragata •• IJ 
1111 CHeul • ,, •IIHI 

I I I I 
1 n 

Far• to 19!111 0,060 22' 6,0 I Double Ch Ip & Seal 0,20 '·" Double Chip & Seal 0,70 
YA Markat (,S Truck I I 6• So 11-l lM-4' ly , .. , 2,26 9• Cru1had Aggragate 2,07 

I I A1h• 1,1. 1011 lllaul • i,o •IIHI 

I 24 

I 
Urban 197J 0.4)0 22 1 1000 I 1-112" 11.c. 0,61 ,.11 1-1/2• A0 C0 0,61 

I YA Rea ldanf I• I 1,1 lruckel 6• Aggr■gata- 1.4 I 2.112 12• Cru1hed Aggregate 2.00 
i C-ntH (!ljJ !Haul • 10 •llaal 

"lloN Mlw1 ••1ant Mlw 

I I I 
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I I 
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MAIRTERAIICE DATA 

The maintenance data of case hisotries is shown in Table 5. The 

Column 4 of this table presents maintenance criteria for each 

case history. This maintenance criteria, for the most part, is 

anticipated maintenance, for the next 20 years (analysis period 

for present worth analysis). The maintenance cost is shown in 

Columns 5 and 6 for both the year of construction and for 1983. 
The present worth for the cost of maintenance for the 20 year 

analysis period has been computed by using an interest rate of 

8% per year. The computed value of present worth of maintenance 

costs is shown in Coluwn 7. The maintenance critera of the 

equivalent pavement design with stabilization is assumed to be 
the same and is not shown in Table 4. At present the 

maintenance practices do not account for different maintenance 
criteria for pavement with or without stabilization. This prac­

tice coupled with the use of thickness equivalency factors for 
various materials allows the decision maker to make decision 

based on the least first cost, However, first cost criteria 

must not be used when evaluating pavement options which have 

different maintenance criteria. 
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TABLE 5 

MAINTENlltCE DATA F<R CASE HISHJUES 

PiWEMENl WITH MAIN-TENRfCE- COST/SY PRESENT 
CASE YEAA OF ST ABI LI ZATI Ui MAIN TEN JIN CE YEAA OF CCNSTRUCTICN· 1983 WffiTH 
HISTffiY CUiSTIWCTI Ui (AS BUil T) CIH TERI A PRICES PRICES ( '83 BASIS} 

1 2 3 4 5 6 7 

1 1982 1" A. C. 1 " A. C. Over l ay $ 2 .13 $ 3.00 $ 1.15 
Fl 6" Soil-Cement* every 15 years• 

(5.5%} 

2 1983 1" A.C. 1" A.C. Overlay 1.10 .1.10 0.43 
Fl 6" Soi 1-Cement"' every lb years 

(12%} 

3 1972 1-1/4" A.C. 1-1/4'' A.C. Overlay 1.58 2.36 U.91 
Fl 6-1/2:" Aggregate- every lb years 

Cement* (7%) 

4 1~78 2 t' A.C. (Road Mix} Chip & Seal every 0.40 0.50 0.57 w 
0 lU 6" Soi 1-Aggregate- 7 years 

Cement* (60%, 5%} 

b 1%7 3-ln" A.C. Chip & Seal every U.26 U.50 U.19 
ID 6" Crushed Aggregate lb years 

12 ," Soi 1-Agg reg ate-
Lime (2b%, 4%} 

6 1973 2-112:· A.C. (Road Mix} Chip & Seal every U.26 U.50 U.27 
ID 6" Crushed Aggregate 12 years 

8 t' Soi 1-Agg reg ate-
lime* (25%, 4%} 

7 1%1 Oouble Chip & Seal Chip & Seal every U.10 U.50 u.34 
IL 7" Soil-Aggregate- 10 years 

Cements* (15%, 10%} 
*Road Mix 

**Plant Mix 

~ 
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TABLE b (COHO.) 

MAINTENMCE DATA HR CASE HISHJUES 

PAVEMENT WITH MAINTEN~CE COST7SY PRESENT 
CASE YEAA OF ST ABI LI ZATI tl4 MAINTEN~CE YE AA OF ClliSTRUCTI 01 · 1983 WOOTH 
HISTORY crnsrnucn ~ ( AS jjLJI LT) CRITERIA PRICES PRICES ( '83 BASIS) 

1 2 3 4 5 6 7 

8 1982 Chip & Seal Chip & Seal every $ 0.88 $ 0.88 $ 0.60 
IL 4" Aggregate-Asphalt** 10 years 

(4%-Recycled) 
3" Crushed Aggregate 

y 1Y82 Chip & Seal Chip & Seal Every U.85 U.8S 1.85 
IL 6" Soi 1-Aggreyate- 4 years 

Lime-fly Ash** 
(20%, 4%, 12%) 

,A) ... lU 1%3 2" A. C. Chip & Seal every u.20 0.93 0.50 
IA 6" A. C. 12 years 

4" Soil-Lime* 
(4.78%) 

11 1977 1" A.C. 1" A.C. overlay 1.37 1.79 1.21 
4" Aggregate-Asphalt** every 10 years 
( 4%-Recyc led) 

12 1979 Double Chip & Seal Chip & Seal every 0.57 U.66 U.4!:> 
IA 6" Soi 1-Aggregate- lU years 

Cement-Fly Ash* 
(20%, 3%, 13%) 

13 1Y80 Chip & Seal Chip & Seal every o.57 0.80 1.34 
NY 6" Soil-Aggregate- !:> years 

Cement** (l!:>%, 9%) 

14 1967 Chip & Seal Chip Seal every 0.11 u. 7!:> 1.67 
NY 6" Aggregate-Cement* 

(6%) 
4 years 

*I-toad Mix 
**Plant Mix 
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IV 

~ 

CASE 
HISTffiY 

1 

15 
NY 

16 
rn 

17 
(JI< 

18 
OR 

19 
TX 

20 
TX 

*Road ~lix 
**Plant Mix 

YEAA OF 
ClliSTIWCTI CN 

2 

1981 

1983 

11)77 

1970 

1983 

1979 

TABLE 5 (COHO. ) 

MAINTENJltCE DATA HR CASE HISHRIES 

PAVEMENT WITH MAIN TEN ~CE COST /SY PRESENT 
ST ABI LI ZAT I LN MAINTEN~CE YEAR OF ClliSTRUCTILN 1983 WffiTH 
(AS BUILT) CRITERIA PRICES PRICES ('83 BASIS) 

3 4 5 6 7 

1-1/2" A.C. (Road Mix) Chip & Seal every $ 0.68 $ U.85 $ 1.42 
7" Soil-Aggregate- 5 years 

Cement** (15%, 6.b%) 

4" A.C. 1-1/2" A.C. Overlay 2 .25 2 .25 U.87 
4-1/2" Agyregate every 15 years 
8~ Soil-Lime* (4%) 

Chip & Seal (4 Coats) Oouble Chip and Seal U.60 U.80 o.54 
10_" Aggregate- every lU years 

Cement** ( 71,) 

4" A.C. Chip & Seal every u.21 0.42 0.23 
31' Aggregate-Asphalt 12 years 

(Emulsion)** (7%) 
4" Aggregate-Asphalt 

(Emulsion** {6%) 

Double Chip & Seal Chip & Seal every 0.70 U.70 0.38 
4_'' Crushed Aggregate 12 years 
6" Soil-Aggregate-
Lime* (80%, 5%) 

Oouble Chip & Seal Chip & Seal every 0.50 0.55 U.52 
10" Crushed Aggregate 8 years 
6_" Soil-Li me-F"ly Ash* 

(3%, 10%) 
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w 
w 

CASE 
HISTOOY 

1 

21 
TX 

a 
VA 

23 
VA 

24 
VA 

*Road Mix 
*"Plant Mix 

YE AA OF 
COiSTl{UCTIOi 

2 

1982 

l Y82 

1958 

1973 

TABLE !:> ( CUHU.) 

MAINTENMCE DATA OF CASE HISHJUES 

PAVEMENT WITH MAIN TEN ~CE -COST /SY PRESENT 
ST ABI LI ZATI ltl MAINTEN~CE YE AA OF C~STRUCTI ~ 1983 WffiTH 
(A.5 BUILT) CIUTEl<IA PRICES PRICES ( '83 BASIS) 

3 4 5 6 7 

2" A.C. Chip & Seal every U.77 U.77 1.15 
4" A.C. b years 
8" Soil-Lime* (5%) 

Double Chip & Seal Chip & Seal every ·u .41 U.41 U.89 
4h Crushed Aggregate 6 years 
61' Soil-Cement** (8%) 

Double Chip & Seal Chiµ & Seal every U.10 U.43 U.89 
6" Soi 1-L ime-Fly Ash* 6 years 

(!:>%, 10%) 

1-1/2" A.C. 1-1/21' A.C. Overlay U.61 1.17 U.63 
6" Aggregate-Cement** every 12 years 

(5%) 



ENERGY DATA 

Table 6 shows the energy data for case hi~tories. The 

energy demand is shown for both pavement designs, with and 

without stabilization. The energy demand in B.ritish Thermal 

Units_ (BTU's) was calculated by using Tables 7 thru 10. The 

energy demand for production, transportation and construction 

operations has been considered in the energy analysis. 

The energy demand for maintenance operations is assumed to 

be same for both pavement with and without stabilization. It 

should be noted that if gravel surfaced road is included in 
these comparisons for alternatives, then the energy demand for 

maintenance operations should also be analyzed to compare the 
total energy demand for all alternatives. The purpose of energy 

demand analysis is to provide the decision maker with a tool for 
selecting the most beneficial alternative from economic and 

energy impacts. The energy demand analysis indicate that soil 

stabilization treatment for the documented case histories 

(except No. 9, 18 and 23), on the average, consumed additional 
63,000 BTU per square yard. For case histories No. 9 (in 

Illinois), No. 18 (in Oregon), and No. 23 (in Virginia) soil 

stabilization treatment exhibited energy benefits ranging from 

18,000 to 171,476 BTU per square yard. 
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TA8LE 6 

ENERGY DATA F<R CASE HISHRIES 

CASE Pl<OJECT YtAA BASE/SUBBASE WITH BASE/SUBBASE BENEFITS OF 
HISTffiY SIZE OF IHU S BTU S STAB! LI ZATI I.Ji 

(SY) crnsT. UE SIGN (AS-BU IL T) Pm SY EQUIVALENT UES IGN PEI< SY (BTU/SY} 

1 1,643 1982 6h Soil-Cement*(5.!>%) 142,000 6" Crushed Aggr. 69,000 - 73,200 
FL 

2 5,914 1983 6" Soi 1-Cement* ( 12%) 142,000 6" Crushed Aggr. 69,000 - 73,200 
FL 

3 8,800 1972 b-1/2" Aggregate- 198 ,2 !:>U 12" Crushed Aggr. 138,000 - 60,2!>0 
FL Cement* (7%) 

4 11,264 1978 6" Soi 1-Aggregate- 183,UU 8" Crushed Aggr. 92 ,ouu - 91,300 
ID Cement* (60%, 5%) 

w !> 38,134 1967 12" Soil-Aggr .-Lime* 284,400 12 •· Crushed Aggr. 138,000 -146,000 
Ul 

ID (25%, 2%) 

6 66,740 1973 8" Soi"I-Aggr.-L ime* 189,600 8" Crushed Aggr. 92,000 -180,400 
lU (2 !>%, 4%) 

7 76,267 1961 7" Soi I-Aggr.-Cement* 165,900 7" Crushed Agg r. 80,500 - 85,400 
IL (15%, 1U%) 

8 89,761 1982 4_" Aggregate-Asphalt** 116,000 8_" Crushed Aggr. 92 ,oou - 24,000 
IL (4% Hecycled) 

y 4,337 1982 6" Soil-Aggr-Lime-Fly 120 ,uuo 12" Crushed Aggr. 138,000 18,000 
IL Ash** (4%, 12%) 



TABLE 6 (CONTD. ) 

ENERGY DAT A HR CASE HISHIUES 

CASE-· PROJECT YEAA BASE/SUBBASE WITH BASE/SUBBASE BENEFITS Of 
HISTORY SIZE OF lffU S BTU S ST ABILIZATl U, 

(SY) C~ST. UE SIGN (AS-BU I LT) PER SY EQUIVALENT DESIGN PER SY ( BTU/SY l_ 

18 126,721 l97U 3:· Aggr.-Asphalt- 109 ,2U0 14_" Crushed Aggr. 161,000 51,80U 
lR Emulsion** (7%) 

4" Agyr.-Asphalt-
Emulsion** (b'%) 

19 14,784 l':183 6" Soi 1-Agg r .-Lime* 142 ,ouu b" Crushed Agg r. 69,UU0 - 73,2UU 
TX (80%, 5%) 

20 92 ,506 1979 b" Soi 1-L ime-Fly Ash* 12U ,000 b" Crushed Aggr. 69,U00 - !>l,UUU 
w TX (3%, 10%) 
0\ 

21 6,118 1982 8" Soil-Lime* (!>%) 189,600 8_" Crushed Aggr. 92 ,uoo - 97,600 
TX 

22 22 ,2!>1 1982 b" Soi 1-Cement** 139,878 10" Crushed Aggr. 13!>,102 - 4,77':J 
VA (8%) 

23 774 1%8 b" Soi 1-L ime-Fly Ash* 91,837 9" Crushed Aggr. 263,313 171,476 
VA (5%,' 10%) 

24 !>,5!>0 1973 61f Aggregte-Cement** 82 ,695 12.'' Crushed Aggr. 72,733 - 9,962 
VA (5%} 

*Road Mi X **Plant Mix 
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TABLE 8 

ENERGY ~SOCIATED WITH MiGREGATE PROOUCTIOt 

ENERGY REQUIREMENT 

PRODUCT . OPERATI CN BTU/LB 

Drilling and shooting 6 

Crushing 25.5 

Crushed Stone Handling (cranes and 3.5 
and bulldozers) 

Total 35 

Total 26 

Crushing 17,5 

Crushed Gravel Handling (cranes and 2.5 
bulldozers) 

Total 20 

Natural or 

Uncrushed Tota 1 7.5 

Aggregate 

*130 lbs/ft3 assumed unit weight (21UU kg/m3) 

Metric Conversion 

1 BTU/lb = 2324 J/kg 

1 BTU/ton= 1.164 J/kg 

1 BTU/yd3 = 1381 J/m3 

Source: (6) 
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BTU/TGl BTU/YD3*_ 

12 ,000 21,000 

51,000 89,500 

7,000 12 ,oou 

70,00U 123,000 

52 ,000 91,300 

35,0UO 61,400 

5,000 8,780 

40,00U 70,000 

15,000 26,300 



TABLE 9 

ENERGY RE Qt' REXENTS f{P. ltlT<IIOBILE ~D TRUCK <PERATI 04 

TYPE OF VEHICLE · 

Automobile 
Stationwagon 

Pi ck up 
Maintenance Trucks--Diesel 
Maintenance Trucks--Gasoline 

Maintenance Trucks--1 ton 

Maintenance Truck--2 Axle 
Distributor Truck--Gasoline 

Truck Tractor--Diesel 

Truck--2 Axle, 6 Tire, Gasoline 

Truck--3 Axle, Gasoline 
Truck--3 Axle, Diesel 

Truck--3 Axle (combination) Gasoline 

Truck--3 Axle (combination) Diesel 

Truck--4 Axle (combination) Gasoline 

Truck--4 Axle (combination) Diesel 

Truck--5 Axle (combination) Gasoline 

Truck--5 Axle (combination) Diesel 

Metric Conversion: 

1 BTU/mi = 656.1 J/km 
1 BTU/hr = 1055 J/hr 
1 BTU/ton mi = 0.7~3 J/kg km 

Source: (6) 
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ENERGY REQUIREMENTS 
BTU/mi BTU/ hr BTU/ton 

7,230 

7,760 
11,400 

26,700 
26,600 

15,600 
2 7 ,500 

31,300 

30,400 

97,300 
100,000 

mi 

11,000 

4,270 
3,800 

7,440 
5,840 

5,040 
3,270 

2,900 
1,960 



TABLE 10 

ENERGY REQUIRUENTS HR MISCELLINEOUS CCJ4STRl!CTiat CJ>ERATIOtS 

ENERGY REQUIREMENT 

BTU/YD3 EWUIVALENT 
OPER A TI CN * BTU/GAL BTU/T Cll GALLCNS OF 

DIESEL PER 

T(ll vo3 
Spreading and compacting -
Granular and Stabilized 
Base 17,000 30,980 0.122 0 .223 

T rave 1 P 1 ant Mixing in 
Windrow 3,00U 5,470 0.022 0.039 

Blade Mixing 7,820 14,250 0.056 0.103 

Central Plant Mixing of 
Stabilized Base 6,890 12 ,550 0,050 0.090 

Excavation - Earth 39,890 59,100 0 .286 

Excavation - Rock 35,500 76,700 

Excavation - Other 39,100 68,700 

Asphalt Di stri buti on, 
Asphalt Cement 590 

Asphalt Ui st ri but ion, 
Cutback Asphalt 445 

Asphalt Di st ri but ion 145 

Aggregate Spreading 
for Seal Coats 9.4** 

Rolling Cold Asphalt Mixes 12 U"'** 

*135 lb/ft3 (2160 kg;m3 ) assumed unit weight except for excavation 
i terns , 

**9 .4 BTU/yd~ 
**"'120 BTU/yct2 in. 

Metric Conversion: 

Source: (6) 

1 BTU/gal 

1 BTU/yd3 

l yd3 = 

= 278.7 J/1 1 BTU/ton = 1.162 J/kg 

= 1.381 J/m3 1 ton = 907 kg 

0.764 J m3 1 in. = 2 .54 cm 
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CONCLUSIONS 

Based on the evaluations of case histories, review of the 

literature, survey of county engineers for the use and non-use 

of soil stabilization treatments, interviews with 

repres~ntatives of material industry associations and numerous 

local and state highway department officials, -- the criteria 

for consideration of soil stabilization treatments is discussed 

hereunder. 

o Soil stabilization should be considered as a design 

alternative for upgrading low-volume roads in all climatic 

regions and when specification materials are not available in 

abundance. The roadway soils should be inspected and/or 

analyzed to select the appropriate stabilization agent and 

its rate of application. Pavement alternatives with and 

without stabilization should be identified. Once identified, 

alternatives should be evaluated to develop comparative 

present worth values using the interest rate applicable for 

long-term borrowing and the appropriate analysis period 

(usually 20 years for paved roads). The alternative having 

the least present worth should be accepted. An illustrative 

procedure to evaluate alternatives is presented in the 

section titled Cost-Benefit Analysis. 

o Soil stabilization is a preferred design alternative: to 

provide better frost susceptibility; to provide conservation 

of good quality aggregates; to provide uniform pavement 

strength for widening an existing roadbed; and to avoid 

raising the level of an exiting roadbed. 

o Soil stabilization treatment is successful when favorable 

climatic conditions exist during construction and curing 

period. 
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o Frequently the required assistance in planning, mix design, 

specifications, construction operations, quality control, 

etc., can be obtained from other experienced local and state 

highway personnel. The material industry associations can 

also provide assistance in the application of their products. 

Additional assistance can also be procured from consulting 

engineers and soil testing laboratories. 

o Soil stabilization treatments can be performed without the 

use of special mixing machinery or equipment. The farm disc 

harrows or other similar ploughs can be used successfully to 

obtain good results for mixing operations. 

o The soil inspection and analysis can lead to cost effective 

solutions. The soil inspection and analysis should be 

consiaered as a valuable tool to establish the most cost 

effective pavement option for upgrading of low-volume roads. 
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RECOMMENDATIONS 

As a result of this study, our recommendations are as 

follows: 

o The soil stabilization treatments should be considered for 

pot"ential benefits such as reduced cost and improved 

performance. Some of these cost benefits and better 

performance results fran conservation of good quality 

aggregates, better frost susceptibility, uniform pavement 

characteristics for widening, or maintaining the same level 

of an existing roadbed. 

o Good records should be kept to identify comparison in 

pavement performance and in costs with and without 

stabilization. 

o Other suitable stabilizers should also be considered such as 

calcium chloride, and magnesium chloride, 

o Training seminars should be developed and offered to inform 

users on the use of soil stabilization treatments in 

upgrading low-volume roads and on the techniques to conduct 

cost-benefit and energy demand analysis, 
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41 COMPOUND INTEREST FACTORS 

n P/f' P/A 

l 0.9615 0.962 
2 0.9246 1.886 
3 0.8890 2.775 
4 0.8548 3.630 
5 0.8219 4.452 

6 0.7903 5.242 
7 0.7599 6.002 
8 o.7307 6.733 
9 o.7026 7.435 

10 0.6756 8.111 

11 0.6496 8.760 
12 0.6246 9.385 
13 U.6006 9.986 
14 u.577~ 10.563 
15 0.5553 11.118 

16 0.5339 11.652 
17 o.5134 12.166 
18 0.4836 12.659 
19 0.4936 13.134 
20 0.4564 13.590 
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SI COMPOUND INTEREST PAC'l'ORS 

n p 1'' p A 

1 0.9524 0.952 
2 0.9070 1.859 
3 0.8638 2.723 
4 0.8227 3.546 
5 o.7835 4.329 

6 0.7462 5.076 
7 0.7107 5.786 
8 0.6768 6.463 
9 0.6446 7.108 

10 0.6139 7.722 

11 0.5847 8.306 
12 U.5568 8.863 
13 0.5303 9.394 
14 o.5051 9.899 
15 0.4810 10.380 

16 0.4581 10.838 
17 0.4363 11.274 
18 0.4155 11.690 
19 0.3957 12,085 
20 0.3769 12.462 
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61 COMPOUND INTEREST FACTORS 

n ? F p A 

1 u.9434 0.943 
2 0.8900 1.833 
3 U.8396 2.673 
4 u.7921 3.465 
5 u.7473 4.212 

6 0.7050 4.917 
7 U.6651 5.582 
8 U.6274 6.210 
9 U.5919 6.802 

10 0.5584 7.360 

11 0.5268 7.887 
12 U.4970 8.384 
13 U.4688 !:l.853 
14 U.4423. 9.295 
15 U.4173 Y.712 

16 u.3936 lU.106 
17 U.3714 lU.477 
18 U.3503 lU.828 
19 U.3305 11.158 
20 0.3118 11.470 
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71 COMPOUND INTEREST FACTORS 

n P/F P/A 

1 0,9346 0.935 
2 0,8734 1.808 
3 0.8163 2.624 
4 0.7629 3,387 
5 0,7130 4,100 

6 0,6663 4.767 
7 U,6227 5.389 
8 0,5820 5,971 
9 0,5439 6,515 

10 0,5083 7,024 

11 0,4751 7,499, 
12 0.4440 7.943 
13 0.4150 8,358 
14 U.3878 8,745 
15 U,3624 9,108 

16 0,3387 19,447 
17 U,3166 19.763 
18 (J,2959 10,()59 
19 o.~765 lU,336 
20 0.2584 10,594 
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81 COIIPOUND INTER.EST FACTORS 

n P/F P/A 

l 0.9259 0.926 
2 0.8573 1.783 
3 o.7938 2.577 
4 0.7350 3.312 
~ 0.6806 3.993 

6 0. 6302 4.623 
7 0.5835 5.206 
8 0.5403 5,747 
9 0.5002 6,247 

10 0.4632 6,710 

11 0.4289 7.139 
12 0.3971 7,536 
13 0,3677 7,904 
14 0.3405 8.244 
15 0.3152 8,559 

16 0.2919 8,851 
17 0.2703 9,122 
18 0.2502 9.372 
19 O.l317 9.604 
20 0.2145 9.818 
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9% COMPOUND INTEREST FACTORS 

n P/1:' P/A 

1 0.9174 0.917 
2 0.8417 1.759 
3 0.7722 2.531 
4 0.7084 3,240 
5 0,6499 3,890 

b 0.5963 4.486 
7 0.5470 5,033 
8 0,5019 5,535 
9 0.4604 5.995 

10 0.4224 6,418 

11 0.3875 6,805 
12 0,3555 7,161 
13 0.3262 7.487 
J. 4 0.2992 7,786 
15 0.2745 8,061 

16 0.2519 8,313 
17 0.2311 8,544 
18 0,2120 8,756 
19 0,1945 8,950 
20 0.1784 9.129 
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101 CO!-iPOUlilD INTEREST FACTORS 

n P/E' P/A 

1 0.9091 0.909 
2 0.8264 1.736 
3 0.7513 2.487 
4 0.6830 3.170 
5 0.6209 3.791 

6 0.5645 4.355 
7 U.5132 4.868 
8 0.4665 5.335 
9 0.4241 5.759 

10 0.3855 6.144 

11 0.3505 6.495 
12 0.3186 b.814 
13 0.2897 7,103 
14 0.2633 7.367 
15 0.2394 7.606 

16 0.2176 7.824 
17 0.1978 8.022 
18 o.1799 8.201 
19 0.1635 8.365 
20 0.1486 8.514 
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111 COMPOUND INTEREST FACTORS 

n P/F P/A 

1 0,9009 0,901 
2 0.8116 1. 713 
3 U,7312 2,444 
4 0,6587 3.102 
5 0,5935 3.696 

6 0.5346 4.231 
7 0,4817 4.712 
8 0.4339 5.146 
9 0,3909 5,537 

10 0.3522 5.889 

11 0.3173 6.207 
12 0. 28 58 6,492 
13 0.2575 6,750 
14 U.2320 6.982 
15 U.20YO 7.191 

16 0.1883 7.379 
17 0.16'16 7.549 
18 0.1528 7.702 
19 0.1377 7,839 
20 0.1240 7.963 
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n p F PA 

1 0.8929 0.893 
2 0.7972 1.690 
3 0.7118 2.402 
4 0.6355 3.037 
5 0.5674 3.605 

6 0.5066 4.111 
7 0.4523 4.564 
8 0.4039 4.968 
9 0.3606 5.328 

10 0.3220 5.650 

11 0.2875 5.938 
12 0.2567 6.194 
13 0.2292 6.424 
14 0.2046 6.628 
15 0. 1827 6.811 

16 0.1631 6.974 
17 0.1456 7 .120 
18 o. 1300 7.250 
19 0.1161 7.366 
20 0.1037 7.469 
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131 CDIIUR) JNWWWI" JllfCltE 

n P/F P/A 

1 0.8850 0.885 
2 o. 7831 1.668 
3 0.6931 2.361 
4 0.6133 2.974 
5 0.5428 3.517 

6 0.4803 3.998 
7 0.4251 4.423 
8 0.3762 4.799 
9 0.3329 5. 132 

10 0.2946 5.426 

11 0.2607 5.687 
12 0.2307 5.918 
13 0.2042 6.122 
14 0.1807 6.302 
15 0. 1599 6.462 

16 0.1415 6.604 
17 0. 1252 6. 729 
18 0.1108 6.840 
19 0.0981 6.938 
20 0.0868 7.025 
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141 COIIPOURD IRTBRBST FACTORS 

n P/F P/A 

1 0.8772 0.877 
2 0.7695 1.647 
3 0.6750 2.322 
4 0.5921 2.914 
5 0.5194 3.433 

6 0.4556 3.889 
7 0.3996 4.288 
8 0.3506 4.639 
9 0.3075 4.946 

10 0.2697 5.216 

11 0.2366 5.453 
12 0.2076 5.660 
1 3 0.1821 5.842 
14 0.1597 6.002 
15 0.1401 6. 142 

16 0.1229 6.265 
17 0.107B 6.373 
18 0.0946 6.467 
19 0.0829 6.550 
20 0.0728 6.623 
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151 COMPOUND INTEREST FACTORS 

n P/F p A 

1 0.8696 0,870 
2 0.7561 1.626 
3 0.6575 2.283 
4 0.5718 2 .8 55 
5 0.4972 3,352 

6 0.4323 3,784 
7 0.3759 4,160 
8 0,3269 4,487 
9 0,2843 4,772 

10 0.2472 5.019 

11 0,2149 5.234 
12 0.1869 5,421 
13 0.1625 5,583 
14 0,1413 5.724 
15 0,1229 5.847 

16 0.1069 5,954 
17 0.0929 6.047 
18 0,0808 6.128 
19 0.0703 6,198 
20 0,0611 6,259 
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY RESEARCH, 
DEVELOPMENT, AND TECHNOLOGY 

The Offices of Research, Development, and 
Technology (RD&T) of the Federal Highway 
Administration (FHW A) are responsible for a broad 
research, development, and technology transfer pro­
gram. This program is accomplished using numerous 
methods of funding and management. The efforts 
include work done in-house by RD&T staff, con­
tracts using administrative funds, and a Federal-aid 
program conducted by or through State highway or 
transportation agencies, which include the Highway 
Planning and Research (HP&R) program, the Na­
tional Cooperative Highway Research Program 
(NCHRP) managed by the Transportation Research 
Board, and the one-half of one percent training pro­
gram conducted by the National Highway Institute. 

The FCP is a carefully selected group of projects, 
separated into broad categories, formulated to use 
research, development, and technology transfer 
resources to obtain solutions to urgent national 
highway problems. 

The diagonal double stripe on the cover of this report 
represents a highway. It is color-coded to identify 
the FCP category to which the report's subject per­
tains. A red stripe indicates category l, dark blue 
for category 2, light blue for category 3, brown for 
category 4, gray for category 5, and green for 
category 9. 

FCP Category Descriptions 
1 . Highway Design and Operation for Safety 

Safety RD&T addresses problems associated 
with the responsibilities of the FHW A under the 
Highway Safety Act. It includes investigation of 
appropriate design standards, roadside hard­
ware, traffic control devices, and collection or 
analysis of physical and scientific data for the 
formulation of improved safety regulations to 
better protect all motorists, bicycles, and 
pedestrians. 

2. Traffic Control and Management 
Traffic RD&T is concerned with increasing the 
operational efficiency of existing highways by 
advancing technology and balancing the 
demand-capacity relationship through traffic 
management techniques such as bus and carpool 
preferential treatment, coordinated signal tim­
ing, motorist information, and rerouting of 
traffic. 

3 . Highway Operations 
This category addresses preserving the Nation's 
highways, natural resources, and community 
attributes. H includes activities in physical 

maintenance, traffic services for· maintenance 
zoning, management of human resources and 
equipment, and identification of highway 
elements that affect the quality of the human en­
vironment. The goals of projects within this 
category are to maximize operational efficiency 
and safety to the traveling public while conserv­
ing resources and reducing adverse highway and 
traffic impacts through protections and enhance­
ment of environmental features. 

4. Pavement Design, Construction, and 
Management 
Pavement RD&T is concerned with pavement 
design and rehabilititation methods and pro­
cedures, construction technology, recycled 
highway materials, improved pavement binders, 
and improved pavement management. The goals 
will emphasize improvements to highway 
performance over the network's life cycle, thus 
extending maintenance-free operation and max­
imizing benefits. Specific areas of effort will in­
clude material characterizations, pavement 
damage predictions, methods to minimize local 
pavement defects, quality control specifications, 
long-term pavement monitoring, and life cycle 
cost analyses. 

5. Structural Design and Hydraulics 

Structural RD&T is concerned with furthering the 
latest technological advances in structural and 
hydraulic designs, fabrication processes, and con­
struction techniques to provide safe, efficient 
highway structures at reasonable costs. This 
category deals with bridge superstructures, earth 
structures, foundations, culverts, river 
mechanics, and hydraulics. In addition, it in­
cludes material aspects of structures (metal and 
concrete) along with their protection from cor­
rosive or degrading environments. 

9. RD&T Management and Coordination 

Activities in this category include fundamental 
work for new concepts and system character­
ization before the investigation reaches a point 
where it is incorporated within other categories 
of the FCP. Concepts on the feasibility of new 
technology for highway safety are included in this 
category. RD&T reports not within other FCP 
projects will be published as Category 9 projects. 
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