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TABLE 2

Summary of Project Data With Overlays
Deflection Procedure

Designed by Calif.

Project T.l. Overlay Thickness Estimated Service Life(Mos,)
1 10,0 0,20 96
2 7.0 g.10! 108 -
3 9.5 0.40' 132
4 9.0 0,50 144
5 10.5 0.25¢ 192
6 10.5 a,25! 84
7 10.5 0.30' 96
8 10.5 0,20 120
9 8.6 0,25" 180

10 10.0 0,17 168
1 10.5 0.25'-0,29! 120
12 10.5 0.33'+Cushion Coarse 130
13 9.0 o.17} 180
14 8.0 0.33! 166
15 10.0 0,30"'+Cushion Coarse 132
16 8,5 o.08' taz
17 8.5 0,20' & 0,15 132
18 9.5 0.33! 156
19 10.5 g7 144
20 9,0 0.40' 8.0,.25! 120
21 7.0 0.257 96
g2 8.0 0.1¢" % 0,720 96
2y 6.0 0.20' 144
24 6.0 0.20' 132
25 6.0 0.25" 120
26 6.0 0.20' 120
27 7.5 .15 120
28 8,5  0.15" 120
2% 9.0 0.17"v 13z
30 4.5 0.z20! 156
3t - 0.25" 180
3z 4.0 0.7 168
33 4.0 0.7 168
34 4.0 0.17! 168
35 4.0 0.17"% 168
36 6.0 .17 144
37 7.0 0.08* 108
38 8,0 0.08' 132
39 6.0 Dbl. Chip Seal 168
40 7.0 0.17! 180

www.fastio.com
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A comparfson of this data to that obtained in the study

for the PMS project(6) for the engineering judgment method
and the gravel equivalent method shows the deflection
method to give the best results. The engineering judgment
method essentially uses subjective judgment and/or the past

‘experience of the engineer to determine the overlay thick-

ness. The average service 1ife for the 36 overlays designed
by this method was found to be 94 months (7.8 years) with a
standard deviation of 22.9 months (1.9 years). The primary
problem with this approach is that the intuitive judgment of

~the engineer determining the thickness 1is influenced by the

outward appearance of the roadway which does not always
reflect the actual‘residual strength of the existing
structural section,

The gravel equivalent method is based upon future traffic
(Traffic Index) and gravel equivalent (G.E.) values of the
in-place roadway materials. The primary problem associated
with this approach is that of assigning a realistic gravel
factor to the existing distressed AC surface. Also, the

_syStem requires the assumption of a saturated subgrade

condition which may not be representative, The average
service 1ife for the 16 projects designed by this method
was found to be 100 months (8.3 years) with a standard
deviation of 24.5 months (2.0 years). Because the G.E.
method would -tend to be conservative, the results from

“this study are somewhat surprising. This may perhaps be

attributed to the small number of projects found to study.

Attempts to relate the service 1ife data to the various
geographic/topographic areas (and associated climatic
diffeﬁences) bf'the state did rnot produce any significant
findings possibly due to insufficient data.

15
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traffic volumes. It was reasoned that cities and counties
might be more apt to reduce the recommended overlay thickf
ness due to a lack of funds. From such projects, it 2'
might then be possible to determine the effects of using
the overlay method to design projects-for-service lives

of less than 10 years. However, this was not the case

for the projects that were available for evaluation.

If the overlay had been placed at all, the recommended
thickness was used. If not, the project was delayed and
overltaid at a later date. The later date would invalidate
the earlier deflection study and crack survey making it
impossible to use for our research study. The evaluation
of the city and county projects produced an a#dditional 18
roadways with T.I.'s from 4.0 to 9.5 (see Tables 2 and 3).
These projects provided a mean service life of 146.0
months (12.2 years) with a standard deviation of 23.7
months (2.0 years). '

Although it was more difficult to obtain projects for this
evaluation than anticipated, the 40 combined state, éity
and county roadways provided an adequate number to draw
conclusions with a reasonable degree of confidence. Notes
regarding the determination of service 1ife for each
project included in the study are contained in Table 3.

The service 1ife of an overTay designed by tie present
deflection method is about 11 years. The service lives
of two-thirds of the state projects studied are between
8.5 and 13.5 years. The corresponding range for city

and county projects is between 10 and 14 years, Overaltd,
the deflection designed projects are within a reasonable
tolerance of the desired 10 year design period.

14
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the project 02-Sis-97 (No. 1) where from the field

review the present condition of the pavement showed 20

to 25 percent alligator cracking. By next year this
project will have reached its "service 1ife" by our
definition of 30 percent. The time of service for this
project then of 1973-1981 or 96 months (9 years) is a
reasonable extrapolation. Another example would be
project 06-Fre-41 (No. 16). Here the condition survey
showed the pavement to be approximately 60 to 70 percent
alligator cracked. As the rate of cracking accelerates
quite rapidly beyond the 30 percent level, a reduction
in service life of 2 years was estimated to place the
percent cracking at or below the 30 percent level. This
should give a conservative estimate of service 1ife of
the project. Projects such as Numbers 2 and 5, with
1ittle or no cracking, indicated during the field condi-
tion survey, have been assigned an additional one or two
years of service life. Two years was used except in a
féw instances where other factors noted in the field
suggested service 1ife extension should be limited to
one year.' Again, these are very conservative estimates
but further extension of time would not be prudent.

Analysis of the 22 state projects with the T.I.'s varying
from 7.0 to 10.5 yielded an average service 1ife of 132.5
months (11.0 years) with a standard deviation of 30.2
months (2.5 years) (see'Tables 2 and 3).

As it became apparent that state projects alone were
small in number for the pdrpose of the study, the same
process of evaluation was used for deflection designed
city and county roadway overlay projects. Their inclu-
sion also permitted evaluation of projects with lower

13
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In the present study, field condition surveys were made
to each district to review. the projects where data could
not be obtained from office files alone. This resulted
in an additional 14 projects for a total of 22 state
projects which were eventually evaluated in this - study
(see Tables 2 .and 3).

From the study "Establish Criteria for Rehabilitation of"
California Pavements"(6), although limited to thin over-
lays, it was found that the deterioration rate of hair-
lTine alligator cracking to 1/8 inch alligator cracking
occurs, on the average, in twelve months. Within
another eight months, the 1/8 inch wide alligator
cracking progresses into 1/4 inch wide alligator cracks.
Within another four months, the alligator cracking con-
tinues and is coded only as “"greater than 1/4 inch
cracking". Thus, from 1/8 inch wide cracks to cracks
greater than 1/4 inch in width occurs in about one year.
Again, while this is for thin blankets, it does give
some indication as to the time for the propagation of
cracks--once cracking starts.

From the study "Statewide Flexible Pavement Performance
and Deflection Study"(7), the time for the percentage of
cracking to approach 30 percent was noted to Be 2 to 4
years after the initial (reported as initial cracking
when 2-5% cracked) alligator cracking. The average from
the study was 2.8 years.

Using the experience gained from these two projects, the
extrapolated point in time considered as the end of the
overTay service 1Tife could be rationally and censerva-
tively estimated. An example of extended time would be

12
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searched for each contract and the required information
extracted.

Following the final selection of the projects, an effort
was made to obtain information for specific locations on
maintenance and repair activity. However, this information
was unavailable for several projects. Thus what was
originally believed to be the best source of information
produced very little. The second source of information,
the biennial pavement evaluation surveys extending back to
1969 and some pavement deflection research data dating back
to 1964, provided a portion of the overlay performance
criteria.

This data was initially studied by the researchers for the
Pavement Management System as a part of their work to

develop pavement performance criteria and pavement mainte-
nance and rehabilitation strategies. The scope of thejr
work was much broader than that of this study. Consequently,
the PMS researchers did not have the resources needed to
field review individual overlay projects. This constraint
quickly eliminated from their consideration any project that
could not be evaluated solely from the biennial survey print-
outs. Additional projects were eliminated simply because of
differences in post mile limits between the project in
questidn and the rated sections. Thus, in the PMS develop-
mental effort, out of about 100 candidate projects, only 8
remained.  The 8 projects performed well with an average
service Tife of 129 months (10.8 years) and an estimated
standard deviation of 13.6 months. Although these
researchers found only a small number of projects for
evaluation using the PMS printouts, their results compared
favorably with the planned overlay design life of 10 years.

T
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extensive longitudinal and transVerse or shrinkage cracks
forming large block cracks across the entire Tane width.
Thus most overlays for CTB structural sections are for -
control of reflection cracking rather than structural
adequacy since the deflection level will be re1at1ve1y
Tow., 1If the base has failed, the same failure mode as
aggregate base structural sections with fatigue cracking

~in the wheel path will appear.

For this study, the months of service for each project

“were determined by either the PMS printout using the 30

percent criteria or by the following method. If the PMS
printout did not provide information on the pavement
section in question, the project was visited and a condi-
tion survey was made to determine the months of service.
From the observed present cracked condition of the roadway,
it was not difficult to estimate (as will be pointed out
later in this text) at what time in the past or future the

30 percent criteria was or would be met.

Project Selection and Evaluation

Since the initial use of the deflection method procedure
in California, there have been more than 500 projects for

which overlays were designed on the basis of deflection

measurements. - While the majority of these, during the
early 1960s, were done for cities and counties, a file
search back to 1962 resulted in approximately 100 state
projects selected for follow~-up study. The monthly
issues of the "Statement of Going Contracts" published

by the California Department of Transportation were
reviewed to determine the work performed and the contract -
numbers, The microfilm index of "as built plans” was

10
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‘that maintenance work to improve riding quality and skid

resistance, performed while pavements were still struc-
turally sound, prematurely eliminated many candidate
overlay projects from further consideration. ‘

Failure Criteria

During the initial phases of this study, it became apparent
that the overall objective was simply the performance of

the overlay to provide a nearly maintenance free roadway

for the 10 year design period. Therefore, the most accurate
and direct approach in evaluating the overlay performance
would be to review the maintenance effort, if any, employed
in keeping the pavement surface in service for the 10 year
design period. Thought was given to, but no need was deter-
mined, for any laboratory testing or follow-up deflection
measurements 1in feviewing past performance.

The service 1ife, as previously discussed, can have different
meanings when determined by subjective methods. This probiem
was studied in some detail during development of the Pavement

‘Management System. The definition of service 1ife which

evolved and which is now included in the Pavement Management
System is as follows: "Service Life" is the period of time
until the extent of load associated alligator cracking and/

or patching reaches 30 percent of the roadway wheel path

areas. The Pavement Management System definition was adopted
for this study. As an illustration of the convention used in
reporting "percent cracked", a Tane with continuous alligator
cracking and/or patching in one wheel path and no cracking in
the other wheel path would be classified as 50 percent
cracked., For pavements over cement treated bases, the same
criteria are used. The failure mode for CTB involves

www.fastio.com
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GENERAL DISCUSSION

Since the inception of this project, a study was initiafed

by the Division of Maintenance and conducted by the Transpor-
tation Laboratory that included an evaluation of . the service
lives of pavements rehabilitated using several different
strategies. Among the strategies considered was the as-
phalt concrete overlay. Pertinent data from this study of
the structural overiays and the report "Establish Criteria
for Rehabilitation of California Pavements"(6) will be
included with these results,

Determination of the "actual 1ife" of an asphalt concrete
pavement or overlay is not an easy task. Pavements do not
"wear out" or fail simultaneously over the entire project
Tength nor do they fail suddenly as may a bridge or
building, Problems usually begin with isolated cracking.
Traffic loads and weather conditions that tend to accelerate
the cracking vary considerabily throughout the state. Also,
the deterioration rate or the time from first maintenance
work until the roadway is in need of an overlay in the'past
has been largely based on subjective criteria. A pavement
deemed in need of an overlay by one observer in one part of
the state might not qualify in the eyes of another observer
from a different area.

Substantial land use changes have occurred over the past 10
to 15 years, and California's highway, road and street
system has changed accordingly. This has resulted in
alignment changes, widening, and improved or reconstructed
structural sections on candidate projects for this study.
The overlaid projects "lives" were thus disrupted for
reasons other than premature failure. It was also found

WA fastio.com - o
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IMPLEMENTATION

The findings of this study support the validity of the
deflection method of overlay design which was implemented
with the adoption of Test Method No. Calif. 356 in 1969.
In years past, it was used as an alternate method for
overlay design when this service was requested by a
Transportation District, County, City, Airport Authority,
or other public agency. As mgntioned in the text of this
report, the California Department of Transportation has
recently implemented a Pavement Management System (PMS).
On the basis of their findings regarding the defiection
method (and further confirmed by this study), all eleven
Transportation Districts now utilize the deflection
method of design for structural overlays of existing
flexible pavements, The deflection method has been se-
lected as the standard procedure when a structural anal-
ysis has been determined to be the appropriate strategy
based upon the biennial pavement condition surveys and
the PMS printouts.

www . fastio.com
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SPECIFIC FINDINGS

1. Structural overlays of asphalt concrete pavements
(40 prOJects) designed and constructed in accordance
with the Deflection Analysis Method (Test Method No.
Calif. 356) have a mean service Tife of 138.6 months
(11.6 years) with a standard deviation of 28.1 months
(2.3 years).

2. Use of the Engineering Judgment Method (36 projects)
resulted in a mean service 1ife of 94 months (7.8 years)
with a standard deviation of 22.9 months (1.9 years),

3. Use of the Gravel Equivalent Method (16 projects)
resulted in a mean service life of 100 months (8.3 years)
with a standard deviation of 24.5 months (2.0 years),

4, The comparison of the Deflection Analysis Design
Method (Test Method No. Calif. 356) to the Engineering
Judgment Method and Gravel Equivalent Method shows the
deflection method to give the best results from the
standpoint of selecting the proper thickness to last
the design period of 10 years.
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RECOMMENDAT IONS

The California over1éy design method utilizing deflection
measurements and tolerable deflection criteria established
over the past several years, should be used exclusively to
design structural overlays for flexible paVements in
California.
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GENERAL CONCLUSIONS

The Deflection Analysis Design Method (Test Method No.
Catif. 356) as presently used to determine the overlay
‘thickness for structural overlays for state highways and
city and county roadways gives good results. The planned
design 1ife of the structural overlays designed by this
method and included in this study was 10 years. Their
mean (actual) service 1ife is about 11.6 years.
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“subjected to deflection investigations. The results of

the use of the deflection method for overlay design were
reported to the Transportation Research Board in 1966

along with é discussion of the overlay design procedure(2).
This procedure was formally adopted in 1969 as a California
test mefhod(é). |

In 1970, a state of the art paper on California‘'s overlay
design method was presented at the Western Summer Meeting
of the Highway Research Board(4). In 1974, a report was
published introducing an AC overlay design guide which
simplified the procedure for determining AC overlay thick-
nesses, Revised deflection attenuation curves and
tolerable deflection levels of asphalt concrete pavements,
based on the performance of highway projects (new construc-
tion) under study since 1964, were also included in this
report(5). o '

The present study constitutes an evaluation of our overlay
design method after use for more than 10 years by reviewing
the actual service life of pavement overlays compared to
their predicted design 1ife. In determining actual overiay
service Tife, it is recognized that a pavement does not
fail via a single discrete event as do other structures,
Thus most of the indicators of pavement condition (extent
and type of cracking, patching, rutting, etc.) are not
fully quantifiable, Judgment as to length of service is
entirely subjective and thus subject to some degree of
variation. -
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TABLE 1

- Fhickness of | S Max. Permissible
Pavement Type of Pavement Deflection
8 in. . { Portland Cement Concrete ' 0.012 in,
-6 in. Cement Treated Base 0.012 in.
' - (Surfaced with Bituminous a
. Pavement) | - :
6 in. ~Asphalt Concrete ‘ 0.012 in.
4 in., | Asphalt Concrete : 0.017 in.
3 in. . | Asphalt Concrete . : : 0.020 in.
2 in, ~Asphalt Concrete i 0.025 in.
1 in. - | Road Mixed Asphalt Surfac1ng - 0.036 in,
2 in. ~Surface Treatment S : 0.050 in,

The. tolerable deflections (maximum permissible deflection)
presented in Table 1 eventually provided the basis. for the
application of pavement defTéction-data to overlay design..
Since these tolerable deflection values were accumulated
over roads with traffic indices of approximately 9, a
method to adjust to1erab]e deflection levels according to
variatien in traffic volume was established from the
results of laberatory fatigue tests on asphalit concrete
samples(2)..

'Ca]ifornia began using deflection data in conjunction with
the tolerable deflection concept for the evaluation of
existing flexible pavements and as the basis for recom-
mending suitable 0ver1ays for reconstruction in 1960.
Between 1960 and 1966, data were accumulated on the .
deflection attenuation characteristics of AC, CTB and AB
which, with the tolerable deflection criteria already
established, provided the basis of the California overlay
desiign procedure. By 1966, some 80 projects including
state highways, county roads, and city streets had been
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INTRODUCTION

Pavement deflection measurements are now being utilized by

many public agencies to design asphalt concrete overlay

- thickness by various analysis procedures. A review of the

literature, however, did not reveal any published informa-
tion on how well these various procedures provide the
service‘life extension used as the "design life". The
primary purpose of this study was a comprehensive evalua-
tion of the effectiveness of the California procedure.

California has utilized deflection measurements for the
evaluation of flexible pavements since 1938. 1In 1951, a
series of comprehensive deflection research studies was
initiated by the Transportation Laboratoky in an effort
to establish a tie betweéen pavement deflection levels and
pavement performance, The results and conclusions of the
first formal study were published in 1955(1). An evalua-
tion of the data with respect to pavement deflections

versus paVement conditions permitted the establishment of

the concept of "tolerable deflection" criteria for a
variety of structural sect{ons. The term "tolerable
deflection" as first used and shown in Table 1 is that
level beyond which repeated deflections of that magnitude
will produce fatigue cracking in the surface.
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CONVERSION FACTORS

English to Metric System (SI}) of Measurement

Quanity Enalish unit Multiply by To get mekric egquivalent

Length inches (inj)or("} 25.40 millimetres {mm)

.02540Q mecres {m)
feet {ft)oxr(") .3048 metres (m)
miles {mi) 1.609 kilometres (km)

Area square inches (inz} 6.432 x lO’4r sguare metres (m2)
square feet {(ft2) .09290 square metres (m2)
acres 4047 hectares (ha)

Volume gallons (gal) 3.785 litres (1)
cubic feet (ft3% .02832 * cubic metres (m3)
cubic yards (yd3) . 76486 cubic metres (m7)

Volume/Time .

(Flow) cubic feet per : '
second (ft3/s) 28,317 litres per second (1/s)
gallons per
minute {gal/min} . 06309 litres per second (1l/s)

Mass  pounds (1b) 4536 kilegrams (kg)

Velocity miles per hour(mph) 4470 metres per second {m/s)
feet per second(fps) ..3048 metres per second (m/s)

Acceleration feet per second .
sguared (ft/s?) 3048 metres per second
squared {(m/s2)

acceleration due to
force of gravity(G) g,gp7 metres per second
squared {(m/s2)

Weight pounds per cubic

Density (1b/E3) 16.02 kilograms per cubie
' metre {kg/m<?}
Force pounds {1bsg) 4.448 hewtons (N) -

kipy (1000 1bs) 4448

hewtons (N)

Thermal Brétish tharmal
Energy unit (BTU) 1055 joules ({J)
Mechanical foob-pounds(£t-1b) 1.3586 joules (J)
Energy foot«kips (£t=k) ‘ 1356 joulea {(J)
Bending Moment inchwpounds(ftwibs) 1130 newton-metres {Nm)
or Torque foot~pounds{ft-1hs) 1,356 newtdn-metres (Nm)
Pressura pouhds per square |,

ineh (psi) 6895 pascals {Pa)

poutids per sguara

foot (psf) 47,88 pascals (Pa)
Strass kips per uquarnt
Intanalt ineh aguare roo

nten Y {neH (aﬁl _/rﬁ.} l.agag moga pascals m (MP:! l’l-ll-)

pounds por squara
tnch square roct

’ ineh (psi #/Tn) 1.0988 kilo pascalas /letre {KPa /i)
" Plane Angla degrees {°) ©0.0175 radiang (rad)
Temperature degrees ' P - 32 oo degrees celsius (°C)
fahrenheit (F) 1.8
i

ClihPD www.fastio.com


http://www.fastio.com/

ChhPD

I\

&

S

L eraltls

L1o.com

w


http://www.fastio.com/

ChhPD

ACKNOWLEDGEMENTS

. This study, titled "An Evaluation of the Current California

www.fastio.com

Method to Determine AC Overlay Thickness", was conducted by
the O0ffice of Transportation Laboratory, Division of Con-
struction of the California Department of Transportation,

‘The research work was accomplished under Research Project

F77TLO1 in cooperation with the U.S. Department of Transpor-
tation, Federal Highway Administration.

The authors wish to thank the researchers from the Transpor-
tation Laboratory who performed work on the study; namely,
Mr. Earl A. Boerger, Mr. Robert E. Walker and Mr. Donald V.
Roberts.

Special acknowledgement should be given to the researchers
of the project "Establish Criteria for Rehabilitation of
California Pavement", in particular Mr. Brian D. Murray,
whose research contributed greatly to this project.

Appreciation is also expressed to the District Maintenance
and Materials personnel for their efforts in obtaining
information relative to the roadway maintenance that had
been performed.


http://www.fastio.com/

. % B
ClihPD wwwfastio.com


http://www.fastio.com/

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION
DIVISION OF CONSTRUCTION
OFFICE OF TRANSPORTATION LABORATORY

June 1980

FHWA F77TLO1
TL No. 633169

AN EVALUATION OF THE CURRENT CALIFORNIA METHOD
TO DETERMINE AC OVERLAY THICKNESS

StUdy Made by 0 0 B % & S 8 0 & P % A 9 a e B e B e e e s So-i.l MeChan.ics and
: Pavement Branch

Under the Supervision 0f seeeescceceseansss Re A, Forsyth, P.E.

Principal Investigators ..eceeecececsseees o A. Matthews, P.E.
: J. T. Webster, P.E.
Co-Investigator ..sieeesescsssscsscesaase G. W. Mann, P.E.
RePOY‘t PY‘epaY‘ed by ------- sssssssssrcnense G- w- Mann: POE'

- APPROVED BY

OBERT 0, WATKINS, P.E.
Chief, Office of Transportation Laboratory

ClihPD www.fastio.com


http://www.fastio.com/

AV 1AasLC


http://www.fastio.com/

ChhPD

TECHNICAL REPORT STANDARD TITLE PAGE

1 REPORT NO. 2. GOVERNMENT ACCESSION NO.

FHWA/CA/TL-80/28

3. RECIPIENT'S CATALOG NO

4, TITLE AND SUBTITLE

AN EVALUATION OF THE CURRENT CALIFORNIA
METHOD TO DETERMINE AC OVERLAY THICKNESS

3. REFPORT DATE

June 1980

6. PERFORMING DRGANIZATION CODE

7. AUTHGQRIS)

Gary W. Mann, J. A. Matthews and J. T. Webster

8. PERFORMING ORGANIZATION REPORT NO.

19304-633169

9. PERFORMING ORGANIZATION NAME ANMD ADDRESS

Office of Transportation Laboratory
California Department of Transportation
Sacramento, California 95819

10. WORK UNIT NO

11. CONMTRACT OR GRANT NO.

F77TL01

12. SPONSORING AGENCY NAME AND ADDRESS

California Department of Transportation
Sacramento, California 95807

13. TYFPE OF REFORT & PERIOD COVERED

Final 1974-1980

14, SPONSORING AGENCY CODE

1%, SUPPLEMENTARY NOTES

This-study was conducted in cooperétibn with the U.S. Department of
' Transportation, Federal Highway Administration.

16. ABSTRACT

Method No.

Tife.
field condition surveys.

Laboratory in 1969.

An evaluation was made of the present overlay design method (Test
Calif. 356) by investigating projects that had been in

|place for ten years or failed prior to the planned ten year design
The investigation consisted of a search of office files and

The findings of this study support the deflection analysis method
of overTay design that was implemented by the Transportation

17. KEY WORDS

Pavement cracking, pavement
deflection, pavement maintenance,
overlay design, service life.

1B, DISTRIBUTION STATEMENT

No restrictions.
available to the public through

the National Technical Information
Service, Springfield, VA

This document is

22161,

19. 'SECURI'[V CLASSIF, [OF THIS REPORT) 20. SECURITY CLASSIF. (CF THIS PAGE)

Unclassified Unclassified

21. NO. OF PAGES 22. PRICE

36

DS-TL-1242 (Rev.6/76)

www.fastio.com



http://www.fastio.com/

S
O

T10.C



http://www.fastio.com/

NOTICE

'The'contents of this report reflect the
viewé of the 0ffice of'Transportation'
Laboratory which is responsible for the.
facts and the accuracy of the data pre-
sented herein. The contents do not
necessarily reflect the official views
or p@Tic%es of the State of;Ca1ifornia
.wr the Federmklwfghway Administration.,
This report does not constitute a |

standard, specification, or regulation.

‘Neither the State of California nér the

Uniteiistéta& Government endorse products.
or manufacturers. Trade or manufacturéfs“
names appear hereinranTy because they are
considered'essgntiaT to the object of this

docopment.

ClibPD WL lastio.com


http://www.fastio.com/

- o FINAL REPORT
JUNE 1980

ChhPD wavwfastio.com



http://www.fastio.com/

	E:\images\000006\00000641.tif
	image 1 of 47
	image 2 of 47
	image 3 of 47
	image 4 of 47
	image 5 of 47
	image 6 of 47
	image 7 of 47
	image 8 of 47
	image 9 of 47
	image 10 of 47
	image 11 of 47
	image 12 of 47
	image 13 of 47
	image 14 of 47
	image 15 of 47
	image 16 of 47
	image 17 of 47
	image 18 of 47
	image 19 of 47
	image 20 of 47
	image 21 of 47
	image 22 of 47
	image 23 of 47
	image 24 of 47
	image 25 of 47
	image 26 of 47
	image 27 of 47
	image 28 of 47
	image 29 of 47
	image 30 of 47
	image 31 of 47
	image 32 of 47
	image 33 of 47
	image 34 of 47
	image 35 of 47
	image 36 of 47
	image 37 of 47
	image 38 of 47
	image 39 of 47
	image 40 of 47
	image 41 of 47
	image 42 of 47
	image 43 of 47
	image 44 of 47
	image 45 of 47
	image 46 of 47
	image 47 of 47




