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SOIL INVESTIGATION AND PAVEMENT DESIGN
TOLEDO EXPgEgS ATRPORT

It is the purpose of this report to provide a permenent record of the
soil investigation and related design studies made in connection with the
construction of the Toledo Express Airport. The report will be devoted to
the airfield proper, being concerned with the design and construction of the
runvays, taxiways, and aprons, rather than buildinés and utilities serving
the airport. There have been reproduced in Appendixes A, B, and C reports
and correspondence having to do with design and construction, including the
results of soil surveys and soil tests upon which the pavement design has
been based. The Appendixes are fairly complete in themselves and provide
a chronological record of the developments with which the Engineering
Research Institute and the author of this report were concerned.

In Appendix A are reproduced three previous reports which were presented
over the period from November, 1952, to February, 1954. The first report,
entitled "Preliminary Design Recommendations", presents an initial evaluation
of the Oak Openings Site, outlines a suggested program to be followed in
preparation of the plans and specifications, and presents the results of the
first series of soil tests which were made to evaluate the capability of
these soils to support the proposed runvays, taxiways, and aprons. The second
report presents the soil survey made by O. L. Stokstad and H. E. Barnes in
April, 1953. In this report the dominant soil types at the Oak Openings Site
are described, and the general characteristics which affect the runway con-
struction and pavement design are established. An essential part of the soil
survey was the mapping of the soil areas in the field, and this information
was combined with the topography on a special set of supplementary plans. These
supplementary plans were made avallable to bidders but not included in the

standard plans. For record purposes the work sheets from the soil survey have
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been included in Appendix A as part of the soil survey report.

It may here be noted that the writer's first contact with this project
weas in the summer of 1952, at which time a preliminary inspection and eval-
uation of the Oak Openings Site was made. A brief evaluation of the charac-
teristics of the site and suggestions for its development are given in the
first letter reprmduced in Appendix B. During the period from the summer
of 1952 to May, 1953, there were periodie conferences on problems of airport
development and, as noted above, more comprehensive design recommendations
were made and the soll surveys completed prior to establishing a definite
project with the Engineering Research Institute for continued investigation
and design studies. Authorization for such a project was made in May, 1953,
and, subsequently, assistance required by the writer was provided as part

of this project.
SOIL SURVEY AND SOIL TESTS

During the summer and fall of 1953 the writer and his assistambs col-
laborated with the Consulting Engineers in s series of design conferences
and field inspections having to do with design and preparation of Plans and
Specifications, as well as construction control. As a matter of fact, most
of the results of soil investigation, laboratory soil tests, and subsequent
analyses were presented to the Consulting Engineers through suchvéonferences
and incorporated by them in the Plans and Specifications. The second letter
in Appendix B, under date of June 8, 1953, outlines the general program which
was recommended for the development of the Toledo Express Airport, a program
which was f@lloﬁed in its essential phases. Contract No. 1, for eclearing
and grubbing of the site, was let on June 9, and Contract No. 6, for grading,

draining, and paving, was let on July 28. Prior to the completion of the
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Plans and Specifications for this general contract, there was a period of
concentrated activity, during which the writer and his assistants, in col-
laboration with the Consulting Engineers, were concentrating on completion
of soil tests, grading estimates, and paving design.

Appendix C has been prepared to provide a permanent record of the soil
test results on which many of the important decisions and the final pave-
ment design were based. Most of the data and information in Appendix C has
not been presented in the form of a written report prior to this final re-
port, although there are brief references to it in the correspondence in
Appendix B, and these data and pavement designs were studied and restudied
many times in the design conferences referred to above.

Following the soil surveys, a greater number of more representative
samples were taken from the various soil areas over that portion of the site
included in the grading contract. Sufficient samples were obtained to pro-
vide material for the series of laboratory tests preliminary to design. The
first tests were mechanical analyses to determine the grading of the soil
and to establish those soils which could be combined in so far as design and
construction problems were concerned. All of the soils were predominately
medium and fine sand of quite uniform size. There was, however, a significant
variation in the percentage of silt and clay, which finally led to the estab-
lishment of two main groups, which are represented by the combination of
Newton and Maumee series in one group and the Plainfield and Bridgman series
in the other.

The essential differences between these two groups is indicated on Fig-
ures 1, 2, and 3, in which the mechanical analyses of all samples in each
group have basn plotted. It can be seen th&t:tﬁﬁ Newton and Maumee series,

shown on Figures 1 and 2, have soil fines (Pass No. 200 Sieve) averaging
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approximately 12 per cent. The Plainfield and Bridgmen series, shown on
Figure 3, have percentages of soil fines (Pass No. 200 Sieve) of about 5

per cent. Other than this, the difference in gradation is insignificant,

a fact which is most apparent from Figure 4, in which the average mechanical
analysis of these two groups has been shown.

Following the mechanical analysis tests the compaction characteristics
of these two soil groups werestudied in considerable detail. The density
range under all conditions, varying from loose to maximum compaction, was
detgrmined by all curreht methods of compaction. The results are shown on
Figures 5 and 6 for both groups of soils. Aside from density in the loose
state, density was determined by vibration, both the Standard and Modified
Proctor tests, and by the Cone Method, a special method developed in the
Michigan Soil Mechanics Laboratory. As shown on Figure 5, there was some
variation in maximum density between the various methods. The Cone Method
gives the highest density of approximately 117 pounds per cubic foot. In-
asmuch as the State of Ohio Department of Highways' Construction and Mate-
rials Specifications were selected for control on the Toledo Express Airport,
their standard density test was selected for job control. This test proce-
dure is commonly known as the Standard Proctor Density, and, in this series
of tests, a maximum dry density of 112.9 p.c.f. and an optimum moisture con-
tent{il;l%, represented standard density for the Newton-Maumee group of soils,
shown on Figure 5. The maximum dry density:by the same criterion for the
Plainfield-Bridgman group of soils, as shown on Figure 6, was 111.l p.c.f.
and the optimum moisture content was 12.9%. Resultsvsimilar to these were
obtained on other test samples by the Toledo Testing Laboratory and used in
compaction control during the grading of the runways. In this connection it

may be noted that the maximum dry weight obtained by the Toledo Testing Laboratory
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and used in the control varied from 108.8 p.c.f. to 110.0 p.c.f.

One of the important decisions made as the runway design studies pro-
gressed, was the adoption of limestone screenings to be used as a subbase
over the sand. This subbase served a dual purpose. When compacted, it
became a stable working platform for paving operations, which eliminated
the disturbance and rutting which would have resulted from trucking and
other construction operations on the more or less incoherent sandy soil
existing at this site. Limestone screenings were available at an old
quarry within reasonable trucking distance of the airport, and there were
considerable quantities which had accumulated as waste material. These
screenings were selected for the subbase and the results of laboratory tests
on this material are given in Figures 7 and 8. Figure 7 shows the mechanical
analysis or gradation of two representative samples of these screenings. It
may be noted that these materials are very well graded, in fact close to the
ideal grading for maximum density. In Figure 8 the compaction tests on these
materials are shown for the Standard Proctor procedure and for the Cone test.
The maximum dry densities obtained for the two samples are 131.7 and 136.7 p.c.f.
with optimum moisture contents of 7.3 and 9.0 per cent, respectively. These
densities are especially high but consistent with the almost ideal gradation.
They are indicative of material of especially high stability, an indication
which was borne out both in the laboratory CBR tests and in the performance
of this material under construction conditions.

The final phase of laboratory testing preparatory to pavement design was
a sefies of California Bearing Ratio (CBR) tests. The results of the CBR
tests are shown on four graphs designated as Figures 9, 10, 11, and 12. Figure
9 shows the results of three CBR tests on a representative sample of the

Newton-Maumee group of soils, while Figure 10 shows the results of four similar
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tests on a sample representative of the Plainfield-Bridgmasn series. Figures
11 and 12 show the results of CBR tests on the samplés of limestone screenings
designated as Samples 53H931 and 932. A summary of the compaction tests and
CBR tests has been made in Teble I, where all of the results are presented in
a form for easy comparison.

According to procedure for conducting CBR tests, controlling values are
determined at penetrations of 0.1 and 0.2 inch. The critical or design value
of CBR is the maximum ratio obtained when the applied pressure at 0.1 inch is
divided by 1,000 or the pressure of 0.2 inch is divided by 1,500. This ratio
is then expressed as a percentage and used in those terms in those pavement
design methods that employ the CBR. The standard values of 1,000 p.s.i. and
1,500 p.s.i. are supposed to represent the pressure sustained by a standard
material, crushed limestone, at the selected deflections. The actual pres-
sures then sustained by other materials and the correspornding CBR values are
plotted on the graphs and may be referred to the vertical scales except the
CBR at 0.2 inch, which, according to the arbritary standards, is not to scale.
Otherwise, any CBR value in per cent, multiplied by 10, will indicate the load
applied in p.s.i. Computation of the CBR values is illustrated on Figure 9.

The significant results of the CBR tests are the values for the sandy
subgrade soil, which varied from 22.8 to 28.5 when no excess of molsture was
present. These values would justify an average value of 25.0 for pavement
design and certainly a minimum value of 20.0. It should be pointed out that
all materials, including both sands and the liméstone, showed lower CBR values
at the optimum moisture contents than at moisture contents considerably lower
than optimum. It was also noted in the tests, as shown on both the curves
and computed values in Table I, that water squeezed out of the sample as load
was being applied. Such movement ofimoisture in the granular materials would

tend to render them less stable.
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The practical significance of this latter phenomenon is that field com-
paction may be more effectively accomplished at moisture contents somewhat
lower than optimum. This also means that under heavy rolling, sufficient to
squeeze moisture out of the soil, there might be a loss of stability, even
though the higher moisture content served as a lubricant during initial com-
paction, meking the density easier to obtain up to a certain point. In so
far as permanent subgrade stability is concerned these results are at least
indicative of the desirability of effective drainage and a high grade line
for the paved areas., In these relatively fine sands, it is thus apparent
that there is sufficient reaction to moisﬁure to decrease bearing capacity,
although the actual range of pressures under the pavement would be substan-
tially less than even the minimum pressures equivalent to the CBR values shown
in Table I.

Before leaving the test results there are tests on one special sample
which are the last data given in Appendix C. These tests are on the topsoil
from the Maumee series and consist of a mechanical analysis and a determina-
tion of loss of ignition and organic content. This information was obtained
for Mr. Stokstad and those with whom he consulted in the matter of topsoil
dressing and turf development. It is included in Appendix C to provide a

complete record of all tests performed.
DESIGN AND CONSTRUCTION PROBLEMS

Reference has already been made to the numerous design conferences held in
Toledo, while the Consulting Engineers and representatives of the City were
engaged in the final preparation of plans and specifications and letting of
coutracts. During this period there were made a number of decisions which,

in the writer's opinion, had a most far-reaching influence on the quality of
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the airport paving and will determine its ultimate performance over the years.
In connection with these problems the recommendations presented by the writer
and his asa@aiémes were given full consideration and were followed in the final
plans and specifications in all of their essential features. There were, of
course, the usual discussions and debates necessary to arrive at the best and
most economical soclution, but there were no compremisés made which would je?p-
ardize the exeellence of the airport as it was finally planned and built.

Clearing and Crubbing

The first contract for clearing and grubbing of the site was let on June
9th. Much of the airport site was covered by second-growth timber and repre-
sented difficult clearing. The wooded area at the south end of the non-instru-
ment rﬁaway was particularly heavy and presented a difficult and expensive
clearing job. As part of the clearing contract all timber, brush, roots, and
debris were cleared away, which, when combined with the topsoil removal, eli-
-minaﬁéd all but a negligible amount of the detrimental organic materials in
the graded portion of the runway.

Crading and Drainage

The general contract for the grading, drainage, and paving, designated as
Contract No. 6, was let on July 28th and was preceded by a thorough study and
evaluation of soil properties and other conditions of paramount importance to
the pavement design and ultimate performance of the airfield itself. The soil
survey already mentioned was an important factor in the determination of final
grades and quantities of cut and fill. Grade lines of the runways, taxiways,
and aprons were kept at the highest possible elevation above ground water level,
consistent with plans for improving the drainage of the area. The objecﬁive of
these planz was $o insure that all paved areas would be at least four feet above

the existing ground water level.
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One of the most important items from the standpoint of cost was the earth
work and yardage involved in cut and £ill., The Consulting Engineefs made one
of the most comprehensive analyses of this phase of the problem that the writer
has seen made on a project of this nature. Excavation and fill were both com-
puted by two methods; first, by the conventional cross-section method and,
second, by an area-volume method which the writer recommended and which has
been incorporated in the final plans. There is no particular point in going
into the details of these analyses in this report beyond noting that the Con-
sulting Engineers spared no effort in producing a final result and a final
measurement of this important pay quantity as accurately as it could be anti-
eipaﬁed under the conditions. In this respect, complete accuracy was difficult
because of the variable elevation produced by clearing and removal of topsoil,
and it is interesting to note that the final estimates, which were altered
somewhat by changes during the construction period, are reasonably close.
Ancther point of interest is that the methods used provided the Contractor
with the grading distribution plan, which made it possible for him to progrem
hig earth moving operations much better than usual. The final excavation as
estimated was 739,426 cubic yards, and the final pay quantity after the grading
had been completed was reduced to 689,408 cubic yards. The estimated excava-
tion included a shrinkage factor of 30 per cent, based upon tests made as part
of the soil investigation.

The first step in the grading operation was the removal and stockpiling
of the topsoil, which was estimated at 225,375 cubic yards, and which amounted
in the final figure to 272,665 cubic yards. It may be noted that the over-run
in topsoil removed is approximately the same as the under-run in the major ex-
cavation item. The topsoil was stockpiled and saved for top dressing the field

area to provide a suitable bed for turf development. Conservation of this
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important resource was fully utilized, as may be noted in the quantities
involved in the third pay item in grading, designated as Placing of Topsoil.
The originel estimate of this item was 788,958 sq. yds., while the final
figure was 772,587 sq. yds. These figures would indicate that top dressing .
for turf development was finished substantially as planned. This is important
as adequate turf development over the entire airport site is necessary if

difficulties from wind erosion are to be avoided.
PAVEMENT DESIGN

Following the problems involved in grading, the last stage of design
studies hsd to do with pavemeﬁt design, which was the final objective of the
comprehensive program of soil investigation and tests. As has been pointed
out in several of the preliminary reports and earlier portions of this report,
the granular soil at this site was one of great advantages from the standpoint
of airport development. Being permeable, it was conducive to good drainage,
and, as is characteristic of granular materials, it provided high internal
stability with respect to load carrying capacity. Its favorable properties
in this respect have already been presented in connection with discussion of
soil tests and will now be emphasized as part of the paving design. The
classification of the soil by the CAA design prodecure, which was the one
accepted as official in pavement-design, indicates its superiority as a sub-
grade, while the CBR tests indicate its relatively high internal stability
in terms of other design methods which have been used as check tests in the
pavement design.

Pavement design was predicated on the classification as an Express Air-

port under CAA Standaerds, which is implied in the name Toledo Express‘Airport.
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- In this connection reference is made to the CAA Technical Standard Order
N-6, dated November 4, 1945, which is given as Table I in their pamphlet
on airport paving published in May, 1948. Under this standard the pavement
for the Toledo Express Airport was designed for a single wheel load of
45,000 pounds, for which the equivalent dual wheel load is 60,000 pounds.
The following tabulation summarizes the pavement design, indicating
factors involved in the design of both rigid and flexible pavements, and
the final thicknesses established. This summary presents the various com-
binations of pavement components and total thickness as prepared by O. L.
Stokstad and the writer to meet the range of loads and conditions involved
in this project.

FLEXIBLE PAVEMENT

Single Wheel Load - 45,000 1bs.
Dual Wheel Load - 60,000 1lbs.

CAA Standards

Soil Type E-2 Subgrade Class Fg or Fj
Non Bituminous Base M Fg
Runweys Surface 2-1/2" 2-1/2"
Base 7-1/2" 7-1/2"
Subbase 2—1;2" 0
Total Thickness 12-1/2" 10"
Aprons-Taxiways Surface 2-1/2" 2-1/2"
Base 9-1/2" 9-1/2"
Subbase 3" 0
Total Thickness 15" 12"
Bituminous Base
Runways Surface 2" 2"
Base 6" 6"
Subbase h-1/2" 0
Total Thickness 12-1/2" g
Aprons-Taxiways Surface 2-1/2" 2-1/2"
Base 5-1/2" 5-1/2"

Subbase 6-1/2" 0
Total Thickness  14-1/2" B
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U.S. Engineers Standards

Sand Subgrade - CBR Mirimum - 20%
Average - 25%

Aprons-Taxiways - Required Thickness - 13-1/2"

Surface 3-1/2"

Base 6"
Subbase 4"
13—1;2i

Runways - Reduce 1" - Total Thickness - 12-1/2"

Selected Thickness

Aprons-Texiways - 13-1/2"
Runways - 12-1/2"

Stage Construection

Non-Instrument Runway - 8-1/2"
Non-Instrument Taxiways - 9-1/2"

CONCRETE PAVEMENT

C.A.A., Standards

Soil Type E-2 Subgrade Class Rla
Wheel Load
45,000 lbs. 60,000 1lbs.
Runways
Required Thickness 8" 9"
Reduction for Use of
Steel Reinforcing 1" 1"
Net Thickness ™ g
Aprons-Taxiways
Required Thickness 10" 12"
Reduction for Use of
Steel Reinforcing 1" 1"
Net Thickness o" 11"

Portland Cement Association Design

Assume Subgrade Modulus k = 300
Modulus of Rupture = 700 p.s.i.
E = 4,000,000 p.s.1.,M= 0.15
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Aprons-Taxivays - Assume Factor of Safety = 1.8
Allowable Stress = 390 p.s.i.
Single Wheel Load = 45,000 1bs.
Required Thickness = 10"

Dual Wheel Load = 60,000 lbs.
Required Thickness = 9-1/2"

Runways - Factor of Safety = 1.5
Allowsble Stress = 470 p.s.i.
Single Wheel Load = 45,000 1lbs.
Required Thickness = 9"

nou

Dual Wheel Load = 60,000 1lbs.
Required Thickness = 8"

Selected Thickness

Aprons and Taxiways - 9" Reinforced
Runways - 8" Reinforced

Reinforecing - Ohio Department of Highways-Type"A" Mesh Fabric

Longitudinal Wire No.00 @ 6" ctrs - 64.28 lbs.per 100 sq.ft.

Transverse Wire No. 4 @ 12" ctrs - 13.99 1lbs.per 100 sq.ft.
Total- 78.27 1bs.per 100 sq.ft.

DISCUSSION OF PAVEMENT DESIGN

In discussing the pavement design as outlined above, it may be empha-
sized that all design methods used are empirical in character and represent
a norm or average of current practice. Furthermore, rather than being com-
pletely precise mathematical procedures, they permit considerable latitude
for the exercise of engineering experience and judgment. This latitude be-
comes apparent in the above outline in several places which will be pointed

out and discussed briefly.

Flexible Pavements
In the CAA method for flexible pavements the determination of soil
type is fairly exacting, being dependent upon mechanical analyses and other

standardized test procedures. However, the next step in selecting the sub-
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grade class depends almost entirely upon a judgment evaluation of drainage
and frost conditions. Either subgrade classes of Fy or F; could be justi-
fied, with the latter being the more conservative and requiring a nominal
thickness of subbase as an increase in total pavement thickness. In the
pavement design outiine, thickness figures are given for both classes of
subgrade. The maximum thickness for an F, subgrade may be taken as suffi=
cient for the worst conditions of subgrade and drainage at the Oak Openings.
Site, while the minimum thicknesses for an Fg subgrade seem a reasonable
estimate of average drainage and frost action.

From another viewpoint the selected thicknesses which correspond more
¢losely with the greater values for an F, subgrade may be regarded as per-
mitting wheel loads greater than 145,000 lbs. on which the present design
was specifically based. This brings up another source of vagueness iﬁ mest
of the current design methods. For example, the CAA design charts mske no
provision for dual wheel loads and there is some question as to whether these
charts can be used for a single wheel load on dual tires or are limited to a
single wheel load on a single tire.

The U.S. Engineer method for flexible pavement design makes no provision
for dual tires or wheels, nor»does it restrict the design curves to a single
tire or wheel load. All of these uncertaiﬁties must be regarded in view of
two facts; first, that most of the heavier airplane wheel loads are on
closely spaced dual tires, and, second, in so far as structural action on a
flexible pavement is concerned, there is no significant difference in the
contact area of a dual tire‘and a single tire at the same total load and in-
flation pressure.

With reference to the U.S. Engineers design of flexible pavements, the

selection of the CBR value is the point of greatest latitude. The design
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figures originally presented to the Consulting Engineers were based on a mini-
mum CBR of 20% for the compacted sand subgrade and a 45,000 1b. wheel load.
The leboratory tests would justify an average CBR of 25% upon which the design
may be based. Reference to the applicable design curves would indicate that

a CBR of 25% and a wheel load of 60,000 lbs. would require approximately the
seme thickness as the 45,000 1b. wheel load and the CBR 20%. Thus, it may

be concluded that the selected pavement thicknesses are sufficient for actual
wheel loads of 60,000 1bs. under conditions fairly representative of the
Toledo Airport.

Concrete Pavement

Turning to the design of the concrete pavement normally characterized as
rigid pavement design, there are similar judgment factors which involve equal
opportunity to introduce experience and judgment in the final answer and cor-
responding latitude in determination of specific values of design factors. 1In
so far as the CAA method is concerned, the subgrade class of Rla is definite,
as there is no change suggested for a wide range of drainage and frost condi-
tions in the granular soil E—E.

There are, however, two other judgment factors of importance. In the first
place, there is the question of whether the design curves are applicable to
both the single wheel load of 45,000 1bs. and its equivalent dual wheel load
of 60,000 1bs. Both have been shown in the design and there is some support
for the view that the selected thickness of 8" reinforced pavement on runways
and 9" reinforced pavement on the aprons and taxiways is sufficient for more
than the specific wheel load of 45,000 lbs. used in design.

The Portland Cement Association design has been worked out for both single
wheel loads and dual wheel loads by a theoretically precise mathematical method.

Without going into the validity of the assumptions on which the rigorous
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mathematics is based, it is pertinent to the present discussion to point out
that the P.C.A. design for a dual wheel load of 60,000 lbs. requires slightly
less thickness than for a single wheel load of 45,000 lbs. Further it should
be stated that, in spite of the writer's implied questioning of design assump-
tions, this method represents the mefit widely used practice in the field of
rigid pavement design.

Other factors permitting the most latitude or judgment in determining
final pavement thickness are estimating the subgrade modulus and selecting
the factor of safety for the allowable tensile stress in the concrete. With
respect to subgrade modulus, the value of 300 pes,ial(per_inchquis con- -
gsidered conservative and particularly so considering the thoroﬁgh‘compactioﬁl
of the sand subgrade and the use of the high stability subbase of limestone
screenings.

The allowable tensile stress in the concrete is determined by selection
of the factor cf safety which the writer reduced to the lower limit of the
range recommended by P.C.A. This has been done because of the belief that
the tensile stress is fictitious in the long range performance of the pave-
ment and that the actual pavement performance will be determined by the sub-
grade support provided in combination with the structural continuity furnished
by steel reinforecing. |

Thus, in using this method of design.because it has been widely accepted,
the writer takes full advantage of design tolerances to decrease pavement
thickness. This is donme in thé firm belief that the concrete pavement slab
should be designed to be less rather than more rigid, so as fo fully mobilize
subgrade support, which must evéntually carry the load in any case. This
procedure is then backed up by providing the highest type subgrade possible

and insisting upon an adequate amount of steel reinforcement to provide
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structural continuity in the slab.

Under the conditions of this project it is the writer's opinion that the
concrete pavement as designed and built will provide a long period of highly
efficient service and permit load applications substantially greater than
those for which it was specifically designed.

The pavement sections finaliy selected in the design stage, after nu-
merous conferences, included a number of combinations of crushed stone base,
asphaltic base, and asphaltic surface courses and alternate reinforced con-
crete sections. The final subbase of limestone screenings was the only com-
mon feature of all paving alternates. The various combinations, however,
provided a total thickness in accord with the design studies, with some monor
variations which will be noted. Provision was made, for example, to permit
stage construction on the Non-instrument runway and taxiways, with the objec-
tive of postponing construction of the full thickness of bituminous surface
to some future date. Had this alternate been adopted, the temporary surfaces
would have been 8-1/2 inches on the Non-instrument runway and 9-1/2 inches on
the taxiway. As finally prepared there were a total of nine paving alternates
on which bids were taken, varying from reinforced concrete pavement for the
entire airport to a minimum of concrete with various combinations of asphaltic
base and surfaces. The alternate finally selected and built was Alternate "K",
which was substituted for Alternate "H".

Alternate K has been tabulated on Sheet No. 9 (Revised) of the contract
plans and may be summarized as follows. Reinforced concrete 9 inches in
thickness was used for part of the main apron in front of the Administration
Building, and for the end connectors and warm-up pads. These areas, designated
by a numerical area code on the plans as 13b, 3, 6, 9b, 11, 19, 20, and 21,
meke up a total of 46,86Lk sq. yds. of concrete pavement as built at a bid

price of $5.28 per sq. yd. or $5.69 per sq. yd. including the k4 -inch subbase.
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The pavement for the runways and hangar aprons, designated by Code
Nos. 1, 8, and 17, made u@ a total of 163,46k sq. yds. of flexible pavement

12—1/2 inches in thickness consisting of the following courses.

Lo Subbase - Limestone Screenings
L Waterbound Macadam - Crushed Stone
2" Asphaltic Concrete B-35 - Base Course

1-1/2" Asphaltic Concrete T-35 - Type A Leveling Course

1" Asphaltic Concrete T-50 - Type B Surface Course

12-1/2" Total Thickness

The balance of the airport paving, including taxiways, connectors,
the north end of the Non-instrument Runway, and the remaining portion of
the main apron was built of flexible types with a total thickness of 13-1/2
inches. These areas, designated by Code Nos. 2, h;a5, 9a, 10, 12, 13a, 14,
15, 16, and 18, made up a total of 109,502 sq. yds. with the courses shown
in the preceding paragraph, except for the substitution of a 3-inch, B-35, .
asphaltic concrete base  course instead of the two inches used for
12-1/2-inch paving. For cost comparison it may be noted that the bid prices
amounted to $2.83 per sq. yd. for the 12-1/2 inch pavement and $3.18 per
sq. yd. for the 13-1/2 inch pavement. The cost, .in dollars«per sq. ¥4,

of the component parts of ﬁhéée‘surfaces were as follows?



- 19 -
TOTAL THICKNESS

12-1/2" 13-1/2"
N Subbase - Limestone Screenings $0.411 $0.411
yn Water Bound Macadam - Crushed Stone 0.710 0.710
T-30 Prime Coat 0.063 0.063

2" Asphaeltic Concrete - Base Course 0.692
3" Asphaltic Concrete - Base Course 1.037
1-1/2" Asphaltic Concrete T-35 Type A 0.544 0.544
1" Asphaltic Concrete T-50 Type B Surface 0.410 0.410
Cost per sq. yd. $2.830 $3.175

In connection‘with the reinforced concrete pavement in which structural
continuity is considered to be of primary importance, it is obvious that the
type and spacing of Jjoints is an important consideration. These details were
covered in the contract plans on Sheet 27 and an addendum Sheet 1A, issued 7-22-53.

Longitudinal contraction Jjoints were provided at the center of the runways,
which were 150 feet in width and at intervals of 75 feet in the apron. Transverse
contraction joints of the same type were provided at intervals of 60 feet in the
runways and taxiways. These Jjoints, which were standards of the Ohio Department
of Highways, and designated at T.J. 1, 2, or 3, provided for accurately aligned
1" smooth dowels, lubricated on the free end and on 12" centers. The only expan-
sion joints provided in this pavement were at intersections where there were
abutting pavement slabs. These expansion joints were of a similar type and des-
ignated by the same standards, T.J. 1, 2, or 3, except that they provided a 1"
opening for expansion with either wood board or preformed expansion Jjoint filler.

The pavement was laid in single lanes, 10 or 12—1/2 feet in width depending

upon the total width being a multiple of the lane width. A longitudinal
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hook bolt and key joint, L.J.-1, was provided between adjacent lanes throughout.
The hook bolts were on 30-inch centers and a conventional trapezoidal shaped |
keyway was provided for load transfer at the Joint. Similar hook bolt and key
Joints were used at all construction joints.

In addition to the airfield paving as outlined above, there were several
minor items which involved paving, and were handled as extras. These included
the Service Building apron and service drive, paving for the Executive Hangar
as finally built and paved connectors and aprons for the Tee Hangar area.
Mention is made of thesemiscellaneous paved areas as they represent paved
areas which may be the subject of future observation and comment reflecting
on the service behavior of the airfield pavement in general. However, being
extras, they are not in all cases of the same section, and their construction
may not be truly representative of the airfield paving, which is the subject
of this report.

The aprons for the Executive Hangar, which are actually an extension of
the main apron, have the same section as the runways and that portion of
the main apron on which bituminous paving was used. This paving was the
lighter section, 12-1/2 inches in thickness as detailed above, and was pre-
sumably put down under the same construction controls. The paving in the
Tee Hangar area was 9 inches in total thickness, consisting of the 4-inch
subbase of limestone screenings, 4-inch waterbound macadam base, and a l-inch
asphaltic concrete surface of Type B. The Service Building apron and drive
paving was made up of the 4-inch subbase, 4-inch waterbound macadam base, a
1-1/2 inch T-35 asphaltic concrete leveling course, and a 1 .inch asphaltic

concrete surface, gilving a total thickness of 10—1/2 inches.
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There are, however, several of the factors discussed above which deserve
gpecial emphasis in the present report. In order to take full advantage of the
inherent stability of the granular soil and to prevent any more than negligible
settlement of the paved areas, it is necessary that these soils be thoroughly
compacted. It was to determine the densities which should be obtained that the
compaction characteristics of these soils were so carefully studied. It then
follows that this standard density must be obtained during the grading operation,
if full benefit is to be realized. For control of compaction, and, as a matter
of fact, as standard for the entire paving operation, Construction and Materials
Specifications of the State of Ohio Department of Highways were adopted for the
Toledo Airport. With respect to compaction, the soils at the Tcledo Airport fall
into two categories. For fill areas the compaction requirements may be indicated

as follows:

Laboratory Maximum Minimum Field
Dry Weight Compaction Requirements
p.C.f. Per Cent
103.0 - 109.9 98
110.0 - 119.9 96

In addition the subgrade for a depth of 12 inches must be compacted as

follows:
Laboratory Maximum Minimum Subgrade
Dry Weight Compaction Requirements
P.Cofo Per Cent
103.0 - 109.9 102
110.0 - 119.9 100

With the requirement for adequate compaction of the subgrade established,
consideration was given to the fact that the subgrade must be protected against
disturbanze of rutting during the paving operation, a common oversight on many
pavement projects. In this connection the Toledo Airpert was particularly

fortunate in having within practicable hauling distance considerable quantities
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of limestone screenings which had accumulated in quarries in the vicinity as
waste materials. With such material readily available, it was decided to place
a subgrade mat of limestone screenings of four inches compacted thickness to
serve as a working platform during the paving operations and, likewise, to pro-
vide a subbase of superior quality for both concrete pavement and flexible pave-
ment as celected.

The third decision of importance, which was made after some discussion, was
the requirement that steel reinforcement be used in the concrete pavement selected
as an alternate design for the runways and taxiways and specified for the aprons
and warm-up areas. In the writer's opinion, the structural continuity provided
by this steel reinforcement is a most important factor in pavement performance,

second only to an adequate supporting subgrade.
CONSTRUCTION PROGRAM

Following the award of the General Contract, in early August the construc-
tion program got underway. The grading was, of course, the first phase of this
work and one of primary importance in so far as the success of the airport
paving is concerned. Recognizing that close control of the compaction was essen-
tial, the City retained the Toledo Testing Laboratory to conduct the field
testing and supervise the field compactién. In the writer's cpinion, this phase
of the airport construction was most effectively handled, with results which are
a considerable source of satisfaction, although the writer's connecticon with
this work became less and less frequent. Starting on August 10, 1953, and ex-
ﬁending to July 2, 1954, the Toledo Testing Laboratory has presented daily re-
ports while comstruction operations were in progress. The writer has received
copies of these reports throughout this period and followed the care with which

these specifications were enforced with a great deal of interest. It is felt
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that this engineering contrcl of the project is a most important factor in the
excellence of the final result and will be equally importent in excellent pave-
ment performance, which it is anticipated will be realized over the years.

‘Following compaction of the sand fill and subgrade, the subbase of lime-
stone screenings was placed over the entire paving area and thoroughly compacted.
The use of limestone screenings for a subbase worked out exceptionally well, and-
it provided a fine working platform for placing the asphaltic surface.

In connection with the work of the Toledo Testing Laboratory, special note
has been made of the ground water observations made periodically as a part of
the construction control program. These observations were reported under date
of August 2, 1954, and the conclusions presented in these observations have
been discussed with the Consulting Engineers.

From this report it would appear that critical areas of high water table
that were located have been corrected by special drainage, with the possible
exception of two areas. One of these areas is in the vicinity of Station
L5 + 00 to 46 + 00 on the Non-instrument runway, and the other along the south-
erly edge of the apron where a low point in the surface grade approsches too
close to the observed water table.

From discussion with the Consulting Engineers it is understood that this
problem hag been discussed with the City,and corrective measures under considera-
tion late in the 1954 construction season have been postponed until next year.
One of the factors in this postponement was the hope that the drainage improve-

ment of the entire airport area would lower water tables in general and might
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ritical areas. However, if after a year's observation these
critical areas of high water table still remain, special drainage will be in-

stalled to lower the water to the desired depth.
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CONCLUSION

In conclusion the writer wishes to express his appreciation for the oppor-
tunity presented to work with the Consulting Engineers and representatives of
the City on this project. This association throughout was characterized by
good understanding and cooperation and a determinaticn on the part of all con-
eerned to build an airport of which the City could be proud. In this connection
it is the writer's opinion that the results have certainly Jjustified the efforts
of all concerned. It is believed that the performance that will be realized in
the future will serve to confirm this high opinion.

Respectfully submitted,
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PRELIMINARY DESIGN RECOMMENDATIONS
FOR THE
NEW TOLEDO EXPRESS AIRPORT

With the selection of the Oak Openings Site for the New Toledo Express
Airport an accomplished fact, it is possible to make more definite plans for
solution of the various engineering and construction problems involved in the
proposed airport. In accordance with arrangements made through Stepleton,
McDonnell and Barber, the writer has agreed to act as Engineering and Tech-
nical Advisor on this project. In this connection, it is understood that the
consulting services desired are with reference to engineering design of those
physical features of the construction having to do with soil conditionms,
drainage, and the structural adequacy of the paving for runways, taxiways, and
aprons. Those phases of design having tc do with aeronautical requirements,
planning of auxiliary service facilities, and the design cof bulldings are not
contemplated as being a part of this arrangement. Unless specifically re-
quested to do otherwise, the writer's suggestions and recommendations will be
limited by this understanding.

It is the purpose of this report to present some preliminary recommenda-
tions with respect to the planning and engineering studies which should now be
undertaken in the orderly preparation and execution of plans and specifications
for construction of the airport. It is rscognized that upon official approval
of the project, there will be considerable urgency in meking rapid progress
with the design in order to get the construction under way at the earliest
possible date. Under the impetus of such urgency, it has happened all too
frequently in the past that proper investigation and planning have been com-

promised to the ulbimate detriment of the project, both from the standpoint
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of efficient progress toward completion and the adequacy of the airport as a
permanent facility. For this reascn, the writer would like %o emphasize that
a reasonable period devcted to preliminary investigation and intelligent
planning is imperative and will actually save time in the long run as well as
insuring the most satisfactory performance of the airport over the years.

THE "OAK OPENINGS SITE"

The "Oak Openings Site" which is described in the "Preliminary Report of
Investigation" by Leigh Fisher & Associates of South Bend, Indiana, is in an
area of the most favorable soil conditions to be found in the vieinity of
Toledo. Its favorable features have been pointed out by the writer in a
letter under date of August 1, 1952, which was included in the report referred
to above. More recently, Stepleton, McDonnell and Barber have obtained repre-
sentative samples of the subscil from thirteen borings made at stations along
the two runways and in the building area. The location of these borings is
indicated on a preliminary runway layout which is to be submitted with a
report now being prepared by Leigh Fisher & Associates.

These samples were submitted to the Soil Mechanies Laboratory at the
University of Michigan and tests were made on typical samples from five of
these borings. The results of these tests have been surmsrized in a tabula-
tion appended to this report. All samples are predcminantly medium and fine
sand with a very small percentage of silt and clay. Several samples containing
noticeable amounts of black topsoll were tested for organic content. One
sample showed slightly more than 2 per cent loss on ignition. The other
samples tested for igniticn loss showed only traces of combustible crganic
matter.

The primary purpose of these tests was to establish the soil classifi-

cation which may be related to paving design standards. In terms of the Civil
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Aeronautics Administration classification there were, in the thirteen samples
tested, fcur classified as E-1, seven as E-2, and two as E-3. In terms of the
Highway Research Board Classification which is also used by the American
Association of State Highway Officials, all thirteen samples would be classi-
fied as A-3 with a group index of zero.

These tests clearly establish the soil at the Oak Openings Site as most
favorable for construction purposes for the full depth of probable grading
operations. It is a relatively clean granular material with good internal
drainage and high stability as a supporting subgrade. Its unusual uniformity
throughout the site should lend itself to consistently good compaction control
during construction. With proper specifications and field control during the
grading and paving cperations it should not be difficult to provide a suppor-
ting subgrade for the paved areas of uniformly high quality.

PRELIMINARY DESIGN RECOMMENDATIONS

For the purposes of this report, it seems pertinent to discuss in a pre-
liminary fash:on the problems which should be anticipated in thé construction
of the New Toledo Express Airport and outline some tentative design recommen-
dations. This will be done very briefly at this time, in some cases doing
little more than to indicate several steps to be followed and in the sequence
that they should probably be undertaken.

TOPOGRAPHIC MAP

The first engineering work to be done is the preparation of an accurate
topographic map with a probable contour interval of one foot and not to exceed
twe feet. Such a map is essential in establishing the grade line of the run-
ways and baxiways and the elevation of othér paved areas, buildings, and mis-
cellaneous facilities. Accurate topography is also the basis for developing

the grading plan which is important in the economic use of the soil, the major
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material out of which the airport will be built.

DETATLED SOIL SURVEY

While considerable preliminary information on soil types is already
available, a detailed soil survey is essential to proper planning. Such a
survey is neither expensive nor time consuming and can be made by two ex-
perienced men in several days. Its value lies in the accurate mapping of soil
types which provides area significance to the specific tests which have been
made and others which will be made.

There are three general soil types or series in the proposed site and
these are designated as Plainfield, Maumee, and Newton. Plainfield is a well
drained sand with a low water table, while Maumee and Newton are both poorly
drained, having a high water table which may be close to the surface of the
ground during the wet season of the year. Both of the latter soil series are
swamp or swamp border soils and would normally have a heavy tlack topsoil
which should be properly disposed of in the grading operations.

INVESTIGATION OF DRAINAGE FEATURES

As might be anticipated from the description of the soil types, there
will be a special drainage problem. All of the soils involved have good in-
ternal drainage which means simply that they are relatively permeable. The
poor drainage of the Maumee and Newton series is a matter of topography and
the lack of free outlet for the subsurface water which has accumulated.

Thus the first requirement in the engineering study of drainage is to
meke a survey of drainage outlets to insure that there will be full oppor-
tunity for disposing of the flow from subsurface drainage which may be re-
guired to comtrsl the elevation of the ground water table.

The drainage system that will be required must be worked out with the

grading plans and cannot be anticipated in any detail at this time. However,
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the general features may be suggested. With the sandy soil, percolation rates
will be high and there will probasbly be little, if any, surface drainage and
storm sewers required. There will be few surface inlets required except
possibly in the paved aprons and building area. Precipitation will percolate
into the soil and be carried away where necessary by the subdrainage system.

PRELIMINARY SOIL TESTS

In addition to presently available data on solls, representative samples
from typlcal soil areas should be obtained to establish density curves for
control of compaction and to obtain more specific data on subgrade bearing
capacity for pavement design.

Fairly large disturbed samples will be needed for determination in the
laboratory of the density range and compaction characteristics of the soil.
These samples should not be taken until the grading plan has been worked out,
at which time they may be selected to represent the soil whiech will be used.
in grading the runweys and other paved areas. After these data are obtained,
nothing further will be required in the line of compaction tests until the
actual grading of the runways. At that time, compaction control tests will be
carried along with the grading for purposes of field control.

These same samples may be used to conduct certain laboratory tests which
will establish the subgrade bearing capacity needed for design of the paved
surfaces. These tests are preliminary and will be supplemented by confirming
tests made either in the laboratory or in the field after the runways have
been graded. The tests will include the C.B.R. test from which an estimate
may be made of the subgrade modulus used in design of rigid pavements.
GRADING PLAN

The first phase of actual construction operations will be clearing and

grading. Clearing may proceed at any time and obviously requires little, if
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any, engineering control. However, before any grading operations should be
undertaken, a well considered grading plan should have been worked out. Here
again final decisions and details of the grading plan must awalt the topo-
graphic map and correlation of runway grades with elevations in the building
and service areas. At this time, it 1s only possible to outline several of
the desirable cobjectives to be kept in mind.

In this conneetion, it is the writer's feeling that runways should be
maintained on a relatively high grade line to minimize the need for extensive
subdrainage, to decrease possible snow removal, and to provide maximum ponding
volume in field areas between runways. These objectives will call for a
grading plan in which the atf%mpt to balance cut and fill along the longitu-
dinal profile of the runway will be subordinated to the préocedure of obtaining
borrow for runway £ill from the field area between runways. This will necessi-
tate an area grading plan rather than conventional volume control used in
grading of a strip with yardages estimated from station cross-sections.

The first step in grading will involve stripping of the topsoil in any
areas where it is sufficiently heavy to be detrimental in the subgrade for
pavements. Furthermore, any available topsoil is an asset which should not be
wasted as it will be required in top~dressing the sandy soil where turf is to
be maintained in unpaved areas. Consequently, the topsoll should be stripped
and stockpiled for this purpose as an initial phase of the grading contract.

As one element in the grading plan, transverse grades should be carried
from the edge of all paved areas for some distance on both sides of the runways
and taxiways intoc the adjacent field areas. In this way, any surface runoff
at times of abnormael rainfall may be carried rapidly away from the paved areas
into potential ponding areas until it percolates into the subsocil and reaches

the subdrainage system.
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PAVEMENT DESIGN

As previously noted, the soil conditions at the site of the proposed air-
port are very favorable from the viewpoint of the supporting subgrade of the
airfield pavements. With reasonable care in construction, the subgrade should
be of uniformly high supporting capacity and there should be no limitations
imposed in the design of the pavements. Some additional quantitative tests
are required to furnish data for determining the actual thickness of the pave-
ments and these should be performed in proper sequence. At this time, it is
only possible to antieipate several of the problems.involved.

In the first place, selection of the type of pavement should be made after
the relative thickness and resulting costs have been determined. Until this
is done, the writer would hesitate to recommend either the flexible or rigid
type pavement. In either case, the supporting subgrade is the controlling ele-
ment in design. In the rigid type pavement, such as Portland cement concrete,
there will be no subbase required. With the high subgrade support provided,
thickness of such a pavement should be close to the minimum required for the
wheel loads to be specified.

A flexible type pavement consisting of a high quality base course and a
bituminous wearing surface has been mentioned in the "Preliminary Report of
Investigation" by Leigh Fisher & Associates. Such a pavement may prove to be
the most economical and should unquestionably furnish an adequate pavement from
the standpoint of load supporting capacity.

The main design problem involved in the flexible pavement is the selection
of the base course. This would ordinarily be a well graded gravel or crushed
stone base but consideration may also be given to a stabilized soil base course.
The sandy soil at this site is favorable to soil stabilization with the stabi-

lizing agents normally used consisting of Portland cement, asphaltic emulsion,
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asphaltic oil, or tar. While such a base course should be considered, its de-
sign and construction present some definite problems which would have to be
thoroughly explored. A comprehensive laboratory investigation is needed to
determine proper proportions of the stabilized mix and to demonstrate the
adequacy and permanence of the stabiliiation. In construction, thorough
mixing and complete curing must be assured and this is not always easy under
field conditions. For these reasons, the more conventional types of base
construction may be preferred.

In conclusion, it should be recognized that the selection of pavement
type is one of the most important problemé to be solved. This selection
should only be made after careful study and review by all those who are con-
cerned with the projeet, both in relation to the design and construction and

from the long time operation and maintenance of the airport.

Respectfully submitted,

William S. Housel

Consulting Engineer

Ann Arbor, Michigan
November 28, 1952
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S0IL SURVEY REPORT

The area involved in this survey is a deep deposit of fine sand generally
poorly drained. Variation in the soils identified has resulted mainly from
variations in the depth to normal water table, with the heaviest topsoil oc-
cﬁrring in the more poorly drained positions.

The principal control in determining the elevation of runway pavemenis will
be the position of the ground water table during the critical season of the year.
It 1s recommended that pavement grades be kept at least 5 feet above water table
elevations. Since the soll survey was made at a time when ground water is nor-
mally .4t its highest level, the water table soundings as shown on the soil sur-
vey sheets may be used in design. Some changes in these water table levels
should be expected as the existing drainage pattern is altered.

Most of the grading will involve shallow cut and fill im the weathered por-
tion of the soil profile. The fluffed condition of these fine sand soils will
require that foundation areas be well rolled or otherwise compacted before con-
strueting shallow fills, base courses, pavements, floors, or footings. The
soils, being of a gramular nature, are easily drained and do not present special
problems of pavement support éuch as mud pumping. They are easily drained and,
when thus adequately treated, are not subject to frost heaving or spring break-up.

The exténsive areas of Maumee soils will be the best sources of topsoil,
which should be salvaged for use in establishing turf surfacing on runway or
taxiway shoulders, building grounds, and other grading areas where'the original

topsoil has been destroyed.

0. L. S8tokstad
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