—_—
—_—
—_—
_—
—
_—
—
—
—_—
———
—_—
——
——
—
——
—_—

o

SOIL-CEMENT RUNWAYS
FOR AIRPORTS

Thesis for the Degree of B, S.
MICHICAN STATE COLLEGE

W. E. Menzel
1943










* ..ﬂ?inﬂiu .Tﬁy..,_..uiéﬂ’.jﬁ.n. A




Soil-Cement Runways For Alrports
A Thesis Submitted to

The Faculty of
MICHIGAN STATE CCLLEGE
of

AGRICULTURE AND APPLIED SCIENCE

by
.‘h '/
AR
\J'; ’ S b ~
We Ee Menzel
Cendidate for the Degree of

Bachelor of Soienoe

Juns 1943



- L am
W ya pr et




IABLE OF CONTENTS

LABCRATORY INVESTIGATIONS AND KESULTS =

Apparent Specific Gravity of Soil Samples e = = = = =« -

Mechanicel Analysis of Soil Samples = =

Blending of Soil Samples = = = = = =

Apparent Specific Gravity of Soil Mix

Shrinkage Ratio and Shrinkage Limit =~

Test for Ph of Soil Mix = = =
Liquid Limit of Soil Mix - -
Plastic Limit of Soil Mix -« -

Plastioity Index of Soil kix

Moisture and Density Relations of

Molding of Test Cylinders « « o = =

LABCRATORY DURABILITY TESTS AND RESULTS

Freezing and Thawing Test « « = =« - -

Wetting and Drying Test -« = =
Compression Test « « @ = = -
Woeathering Test « « @ « = =« =
Additional Tests e = = « = =
CONCLUSIONS FRCL DURABILITY TESTS
PROTECTION GR ARLCR COATS « = - =
AIRPORTS AND AIRPORT RUNWAYS « - -

Private and Commercial Flying

Flight Strips for Militery and Civilian

)

Eage
2
5
5
é

19
20
20
22
22
2y
24
24
28
31
31
38
L5
45
46
3
u7
49
49
51
54



S WA S o g s p



IN TABLES

Table X dpparent Specific Gravity Test Datl = = = =« = = = =
Table I1IX Specifio Gravity Correotion Kys and
Proportionality Factor, ¢ o @« @ @ @ = c = = = = =
Table I1I Viscosity Correotion Fector K =cceceeca---
Table IV Hydrometer Correction kf, = « = = = = = = = = = = =
Table V Hydrometer and Sieve Analysis Data = = = = = = « =
Table VI . » . L ! m e e e eeea=
Table VII . . . . L
Table VIII . . . . ! c e e e me -
Table Ix [ ] [ ] [ ] ] VN e e oo e - - o
Table X " " [ ] [} W o e e ® > > ==
Table XI Grading CUrve8 e « = « = = = = = « - e ---
Teble XII Tri-Axial Chart = = = = = = = = - - e e .= --
Table XIII Apparent Specific Gravity of MiXx e @ o = = @ = =
Table XIV Liquid Limit Test Dat = @ @« = = 0 0 0 @ ca o o = =
Table XV Optimum Moisture Density Relations Data e « o = =« =
Table XVI Optimum Moisture Density Curve e« ¢ =« @« =« = = = - -
Table XVIIX 8% Freezing and Thawing Test Datl = = = = = =« = = =
Table XVIII log ™ . ) . T - -
Table XIX 12% [ L] [} " V| ee oo oo oo =
Table XX 4z v . » . ¥ e m- - - e =
Table XXI 8% Wetting and Drying Test Data e « - @ = @ = = =
Table XXII 102 ¢ . . L] L
Table XXI1I 127 » U . . ? e e eccemeee




N Y s T e 1 p



INDEX OF TABLES (con't.)

Page
Table XXV Acounmulated Soil Los8 CUrvVe = = « = = = = = = = = 4
Table XXVI Compression Test Date = = = = = = = = = = = = = = 45

Table XXVII Bearing Pressures on RUIWAYS o = = = « = = = = = 53




TIPS R g B gy S p



SOIL-CEMENT RUNWAYS
FOR

AIRPORTS



LYV JUIPE" CTRC PR B T YT Tt Y



FOREWORD

History shows us that new developments in the United States are
always quickened and sharpened in times of economio stress. History
has again repeated itself in the soil-cement field as well as in otﬁer
fields where man; ingenuity has found opportunity for full play end
developmente ]

Back in the days of the %depression* in 1935, perhaps nowhere else
in the ocountry was there a more aocute néed,for a light traffio, lowecost
highway than in South Carolinae Instigated by South Carolina's leading
engiﬁeors. é search was made for just such a.highway, and it was here
that soil-cement was borne

The 1nvest1gation moved siowly at first for, after all, the idea of
mixing soil and cement to obtain a hard, structural materiel was
definitely contrary to all the teachings and experimentael data that had
heretofore existed,.

Soon, however, work by the Portland Cement Association, the Ue Se
Public Roads Administration, end other highway departments ﬁegan to
develope Gradually, soientifioc soil prinociplea were umncovered which
showed great pramise of success with soil-cement mixtures. Field projeots
demonstrated that scientifio control could be obtained.at low cost with
practiocal ooms truction equipment and procedures.

The first field project using these soientifio principles was built
in South Carolina. Since that time, soil-cement has been successfully
used not only in the construction of highways, but in low-cost houses, and
especially in aeirportse It has spread to 4O of the United States, to many

of the Europeen countries, to China, Jepan, Australia, Alaska, and
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South America.
From infant to giant in eight years -- this is the progress of soil-

cement}

INTRODUCTION

Soil-cement is recommended for taxiways, runways, parking and other
paved areas at secondary oivilian airportse It is also reoommended for
military eirports designed for use as training and pursuit bases and for
use as dive, attack, and medium bomber basese It i3 also recommended for
any temporary and emergency runways and for paving bordering concrete
ruaweys to permit use by the above mentioned type of planes Soll-cement
has proved by service records that it can be used a limited emount by
heavy bombers in an emergency, but this definitely should not be practiced.
In case there is a possibility the air field may later be devoted to use
by heavy bomber planes, conorete paving should be usedl

The objeot of this investigation is to first pick & practical site for
a secondary airport, take sufficient samples of soil, and through accurate
laboratory tests design soil-cement test oylinders oovering a range of
ocement percentagese

Then, to take these oylinders and subjeot them to tests similiar to
aotual conditions that an airport rumway would have to undergoe
Observations drawn from these tests would then determine the practibility
of using soile-cement airport runways for these soll types. Also, it 1s
the purpose of this project to cover briefly the scope and future
possibilities of airport surfaces made of soil-cemente

The site was seleoted from the college properties, and sufficient
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borings were taken to identify the soil typese With the aid of a soils
map of the viocinity, it was shown that the plot was primarily mede up
of Conover Loam, Brookston Loem, and Hillsdale Sandy Loame

Five samples of soil were taken of sufficient depth and area to
obtain truly representative samples, These five raw soil samples were
air dried in the laboratory, and scoreened through a # 10 sieve.

With all samples air-dried, and passing the # 10 sieve 1007, the
following tests were made on each samplee.

le The epparent specifio gravitye

2¢ A mechaniocal analysis of particle sizese By this test the
grain sizes ocontained in each sample were determined, and with the aid
of the Tri-Axial Chart, the five soils were placed in their proper groupse
With these two tests completed, each soil sample was plotted on a Grading
Curve, and a blend of the soils was determinede After blending, the
following tests were run on the soil mix,

l, Apparent Specific Gravity Test

2¢ Mechaniocal Analysis Test

3¢ Liquid Limit Test

4o Shrinkage Ratio Test

S5e Shrinkage Limit Test

6o Ph test (Hydrogen Ion Concentration)

7« Plastio Limit Test

8¢ Plastioity Index Test

9. Optimum Moisture Density Relation Test

From the results of these tests, and a seleotion of various cement
ocontents, the test oylinders may be molded.

A total of twelve test oylinders shall be molded, three for each

«3e
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cement peroentage that was chosens These twelve samples shall be tested
in a menner that would be similiar to the actual conditions that the

soil-cement would be subjected to if it were part of an airport runwaye

Notes All tests run on the soil samples are standard Ae Se Te Me
testse No deviation from these standard procedures has been made, except

where notede



LABORATORY

Apparent Specific Gravity Of Soil Samples

INVESTIGATIONS AND RESULTS

Approximately 4O grams of oven-dried soil was placed in the mortar

and ground with the pestle to a floury texture.

About 30 grems was then

Placed in a volumetric flask of known weight and weighed on the

analytical balance.

A burette was filled with kerosene up to the 100 co.

mark, and epproximately 4O coc. of kerosene was introduced into the flask,

meanwhile twirling the flask between the hands until the powdered soil is

thoroughly in suspensione

The remainder of 50 coce of kerosene was then

run in, and the flask subjected to a vacuum to remove all entrained aire

When bubbles of air no longer came through the kerosene, the flask was

f1lled to the 100 coe mark from the burette, and the volume of the

remaining kerosene recorded as the volume of the oontained soil,

Soil Sample B c A D E

Flask Noe 11 10 12 11 8 9 11 10 12 8

Wt. Soil

and Flask 7738 | 71695 | 78630 | 81675 | 7300 | 78622 | 7450 | 71682 | 75470 | 78400

Wte Flask 50625 | 44 e25 | 46670 | 50625 | 4660 | 48660 | 50425 | 4h4e25 | 46470 | 46,60

Wte Powdered

Soil 2713 | 2770 | 31460 | 31470 26.&0‘29.62 24¢25 | 4T7e57 | 29400 | 31640

Vol. Soil

Particles 1042 10.8 11l.7 1108 1062 1105 903 1005 11.0 12,0

Appare Spece

Grave 2.66 2067 2069 2069 2059 2.60 2061 2063 2061’. 2.62

Mean 2.665 2.69 2595 2.62 2,63
TABLE I
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Meohaniocal Anelysis of Soil Samples

A representative soll sample was selected from the oven-dried soil
passing the # 10 sievee 100 gram samples shall be used for sandy soils,
end 50 gram samples for ocley and silt soils,.

The soil was placed in e glass breaker and oovered with about 200 occe
of distilled water to which was added 20 cc. of sodium silicate solutions
(Sodium silioate solution is to eot as a defloculating agent). The soil
solution wes then allowed to stand for 18 hours to assure that the cley
will have softened so that it can be easily broken down, and also so that
each partiocle is loosened from the next,

After tempering, the soil was poured into the dispersion oup, washing
ell materiel from the beaker with distilled water from a wash bottlees The
dispersion cup was then filled within two inches of the top with distilled
water and placed on the milk shaker which was used as a mixere The sample
was subjeocted to this mixing for 5 minutes or 9 minutes, depending upon
whether the soil is predominantly sand or claye

At the oconclusion of the mixing time, the contents of the dispersion
oup were poured into a 1000 co. glass graduate, washing all particles from
oup with distilled watere Additional distilled water was added to bring
the level of the liquid up to the 1000 co. marke Covering the open end
of the graduate with the palm of one hand, the greduate was shaken for one
minute, then quickly setting it in a position where it would not be
disturbed for the remainder of the teste

The hydrometer and thermometer were placed in the solution and reedings
taken at the end of 1, 2, 5, 10, 15, 30, 60 and 120 minutess The hydrometer
should be removed each time and inserted about 20 seconds before the next
reading is teken.
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Upon oompletion of all the readings, the contents of the graduate
were washed throuzh a #200 sieves, The sieve was then placed in the oven
and allowed to dry. When the material was completely dried, it was placed
upon a nest of sieves arranged in the following ordere Numbers 10, 20, 40,
60, 140, 200 and the pan. The set of sieves was placed in the Ro-Tap
machine, and shaken for 20 minutes. The material retained on each sieve
was weighed and recordeds

Corrections must be applied in the hydrometer anelysis for temperature
of solution and specifio gravity of the soil, since the hydrometers have
been calibrated for standard oonditionse, These standerd conditions ere:

le That the apparent specifio gravity of the seil is 2,65,

2¢ That the specifio gravity of the suspending medium is constant
and equal to +9984 at 19.4°C.

3¢ That the coeffiocient of viscosity, n, is equal to that of water
at the seme temperaturee

4o That the distence, L, through which the partiocles fall in a
given time period is constant and equal to 32.5 om,.

The above standard conditions were not the conditions for this test, so
corrections must be applied.

The temperature correction of the hydrometer is designated asa R, and
is taken as 2 per degree ohange in Fahrenheite The correction is added to
the original reading when the temperature is above the standard 67°F., and
subtraocted when the temperature is below this,

When the specific gravity of the scil varies from 2.65, the specifio
gravity of the solution will also verye Thus, a speocifio gravity of more
then 2,65 will cause the hydrometer to float higher and give a higher
readinge This reading must be reduced by a proportionality faotor, A, as

given in table 11,



Apparent Specifio Correction Faotors
Gravity Gg e Ké
2e45 1.05 1.07
2.50 l.04 1.05
2455 l.02 1.03
2460 1.01 1l.02
2.65 1.00 1.00
2.70 0499 0.98
2.75 0.98 0697
2,80 0497 0496
2.85 0.96 0495
2.90 0495 0.93
Teble II

The correction factor for the variation in specifio gravity of
the soil is designated as K;» and depends upon the density of the
suspended soil, The values of K; are computed by the formula Kz = %;%% ’
where GA is the apparent specific gravity of the soil being tested. A
Values of K, are also tabulated in table II.

The correction factor for the coefficient of viscosity of water is
designated as Ky and may be expressed in the following form, Ky :“ N
where N is equal to the coefficient of viscositye woio2

The values of Ky are tabulated in teble 11X,



Temperature K, Temperature | K,
16°C 1.04 25 *93
17 1.03 26 092
18 1,02 27 91
19 1,00 28 «90
20 99 29 89
21 «98 30 «88
22 97 31 «88
23 o9 32 87
2l «95 33 86

TABLE 1II

The ocorrection to correlate the particle size with the distance
that the soil partiocle falls in & given time is designated as Kj o The
oorreotion Ky is given by the formula K s '2251- where L' is the
distance from the surface of the solution tost}.le bottom of the
hydrome ter e

Values for K, sare given in Table IV, .for each hydrometere

e



Hydro- |Hydro- |Hydro- Hydro- |Hydro- |Hydro-
Ras. | 31057 |50her |30ko53 |nag. | 3iost [sukere [wiass
L K 2’ & L L
-2 o568 553 «568 [ 30 «500 #4383 500
0 564 o548| o565 | 32 L% S478[ 496
2 560 oSU5|  e561 | 34 491 473| o492
4 556 540 o557 | 36 o487 o469 4,88
6 o552 e536| o554 | 38 o483  oli65 o484
8 o548 e532| 549 | 40 o478  ohbO| 479
10 o543 e528| o545 | 42 o4T3|  o456| o475
12 539 o523 o541 | 44 469 o452 W4T
14 535 o519 e536 | 46 464  ol48 o467
16 531 o514  &531| 48 oU59|  e4h3| o463
18 0526 510 o527 | 50 o455 o438 o/458
20 0522 505 o523 | 52 o450 Sh3h[ o454
2 518 e501| o519 | 54 Ail5|  W430|  &450
24 oS} ol196 o513 [ 56 o4l o425 o445
26 e510 42 509 | 58 o436 o420 4l
28 «505 #1488 o505 | 60 o431 o415 o436
TABLE IV

The product of the three ocorreotions Kj. KL' and Ky times the
nominal size of the particles will give the corrected particle sizee
The data and results from the sieve and hydrometer eanalyses are
shown on pagesl1l-16, One complete enalysis was run for each s0il
sample, and one for the blended mixe
Each soil sample was plotted on a grading ocurve, and also on the Tri-
Axial ohart, as shown on pagesl7 and18.
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TRI AXIAL CHART

0 , 100

10 90

PER CENT
SILT

TABLE XII
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From the grading curves shown on page 17, it can be determined
what per cent of sand, silt, and clay ere in each samples From these
ourves it can be seen that;

Semple A oontains 6% oley, 11% silt, and 83% sand.
. B ] 127 clay, 26% silt, and 62% sand.
. c v 17% ocley, 24% silt, and 59%Z sand,

D . 10% olay, 22% silt, and 68% sand,.

. E . 8% olay, 17% silt, and 75% sande

w

. 9% olay, 21% silt, end 70% sand.

BLELD OF SCILS

It 18 desired to blend these five samples of soil 50 that a mixture
may be arrived at that will approach one of the Ideal Grading Curves
shown in black, and also contain the approximate percentages of clay
and sand that will require & small cement content in mixing the soile
cement oylinders,

By taking 20%Z of each of the five soil samples aml blending, the
mixture arrived at is shown by the grading curve labeled *W*,

As this very closely approaches the Ideal Grading Curve, and oontains
a sufficient per cent of sand, this blend will be usede The five soil
samples and the soil mixture are plotted in their respeotive groups on

the Tri-Axial ochart, as shown on page 18.
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APPARENT SPECIFIC GRAVITY OF MIX

Flask No. 12 8
'to 8011
and Flask TT 46 7930
Wte Flask 46,70 46,60
Wt. Powdered
Soil 30476 32470
Vol. Soil
Partioles 11.70 12041
Appare Spece
Grav,. 2.63 2.64
Mean 2.635

TABLE XIII

Shrinkege Ratio and Shrinkege Limjt of Soil Mix

Approxiﬁately 30 grams of eir dried material passing the #40 sieve waa
mixed with sufficient water to form e semi-fluid paste. This paste was
pleced in a small poroelain dish, whioch had previously been coated with a
thin leyer of vaseline, in three equal volumea, tapping the dish on a firm
surface after each leyer had been added. The excess material protruding
above the dish after the third layer had been tapped, was struck off, so
that the paste would fill the dish level full.

The dish and its contents were immediately weighed on the analytiocal
balance, and placed in the oven, allowing to dry to a constant weight,

It was then reweighed, the dried soil pat removed from the dish, and the

dish weighed alone, The volume of the dish was found by filling with mercury

s20=-
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and pressing a glass plate firmly over the top to remove the mercury
menisous, The volume of the mercury mey be measured in a glass graduate,

or may be computed from the weight, assuming the specific gravity of mercury
to be 13.6.

The volume of the soil pat was found by the displacement of meroury by
the pat. Mercury was poured into a large glass dish nested within a larger
dish. A glass plate with prongs was pressed over the dish containing the
mercury to squeeze out all of the excess mercurye. The pat was placed on the
mercury surface, and pressed down with the prongs of the plate, thus forocing
out all exoess mercury that is displaced by the soil pat. This mercury was
caught in the outer dish, and weighed. Again using the specific gravity of

meroury as 13.6, the volume of the soil pat was computede

Data and Results of Shrinkage Test

Dish No. 5 14
LY Wte Dish and Wet Soil 34 .90 36430
W, | Wt. of Dish 13,260 11.60
w Wte of Wet Soll 21.640 24f7°
'3 Wte of Dish and Dry Scoil 29.050 30.60
W, Wte of Dry Soil 1579 19,00
LA % Water in Soil Paste (dry basis)| 3.71 39
v Vole of Dish 12,15 13,38
Yo Vol. of Soil Pat (dry) 8420 9.94
Vole of Shrinkage 3695 3elil}
Shrinkage in Z Wt. of Dry Soil 25% 18.1%
Shrinkege Limit 12.1 1149
Shrinkage Ratio 1.91 1.89

=2l




S e ol A Tiie s RN, 7

LB B S T



Sample Celoulations from Shrinkapge Tests

Shrinkage in  Wte of Dry Soils V-V, x 100
Wo

Shrinkage limit & wy, = V-V, x 100
Wo

Shrinkage Ratio = W,

Yo

Test for Ph of Soil Mix

The test for the Ph of the so0il mix was run by using the Soil-tex kit
of the Michigan State College Soils Departments The test is as follows;

A plece of waxed paper was folded and opened to form a small paioer boat.
Using a clean knife blede, & small amount of the soil was placed in the middle
of the boate Eight or ten drops of the Soiltex solution was added, and the
boat shaken endwise to mix the materialse The soil was then shaken to the
back end of the paper, and the liquid run out to the fronte By ocomparing
the color of the liquid with the color chart provided in the Kit, the Ph
of the soil may be determined.

Five tests were run on the soil sample, and e Ph range of 6.0 (slightly
aoid) to 6.5 (very slightly acid) resultede The general color of the liquid

was greene

Jiquid Limit of Soil Mix
This test is to determine the lkquid limit of the soil mixture, which

is the moisture content, expressed as a percentage of the oven-dry weight,
at which the soil will just begin to flow together when jarred 10 times on
the liquid limit epparatuse

Approximately 30 grems of oven dried soil passing the #40 sieve was
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mixed with small emounts of water until it becomes a thick paste. This
mixture was placed in the brass dish of liquid limit machine, and leveled
off, leaving a thickness of 3/8* in the middle of the dish,

The layer thus formed was separated into two perts by means of a
grooving tool, and the machine oranked so that the dish is jarred slightlye
Water or soil (as the case may be) wes added until the soil would flow
together for a distance of about a half inch on the tenth jar.

Immediately after the soil was found to be at the liquid limit, e
sample of it was placed in a container of known weight, weighed, and

placed in the oven. When thoroughly dry, it was removed and reweighed.

Data on Liquid Limit Test

Container No. 1 2
W, Wte. of Wet Soil and Container 40403 36437
w, Wt. Container 1756 18,74
w Wte Wet Soil 22.47 17.63
wb Wte Dry Soil and Container 37.28 34418
Wy _Wy|Wte Water 2.75 2.19
Liquid Limit 13.92 14.16
TABLE XIV.
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Plastio Limit and Plastioity Index of Soil Lix

The plastio limit is defined as the lowest moisture content, expressed
as a percent of the weight of oven-dry soil, at which the soil can be rolled
into threads 1/8* in diemeter without breakinge

The so0il mix being tested oould not be rolled into 1/8% threads, The
threads broke regardless of the amount of water that was added, therefore
the mixture does not have a plastic limite This is not unusual, as granular
material generally does not have a plastioc limit,

Since the soil mixture has no plastic 1imit, it cannot have a
plastioity index, as plasticity imlex is defined, as the difference between
the 1iquid 1imit and the plastio limit. i

Optimum Moisture and Density Relations of Soil Mix
This test is to determine the relationship, in cohesive soil mixtures,

between the moisture content, dry density, and theoretical meximum density
at any given moisture contente The procedure followed is intended to
duplicate the degree of compaction obtained under standard field conditions,

A 000 grem representative sample of the soil mixture was used. This
sample was air-dried, and prepared for compaction by pulverizing all lumpse

Weter was added in varying amounts over a sufficient range to inolude
the optimum moisture content which produces meximum density. Moisture is
expressed in per cent of oven-dry weight of the mixture, and the range used in
this test was from 8% to 16Z. The water was thoroughly mixed into the
sample by vigorous trowelinge

Enough of the moist soil was placed into the mold to fill it a little
more than one-third full when the soil is compactede Campaction was
obtained by dropping a standard tamper (5% pds.) 25 times through a distance
of 12%, spreading the blows uniformly over the surface of the sample,

-2l



Two more layers were added, and oompacted in the same manner, so that the
mold wouid be filled above the top and into the collar after compactione

The collar was removed, end the top leveled off evenlye By use of a
oounter weight equal to the weight of the empty mold, the actual weight
of the compacted specimen was quickly and accurately determined,

The moist soil mold was immediately removed, and a representative
sample taken for moisture determinatione This sample was placed in a can
of known weight, and weighed; placed into the oven, dried to a constant
weight, and reweigheds

The same procedure was fcllowed for each succeeding trial, adding 2%
more water each time.

The resistance was taken by penetreting the sumple with @
penetrometer needle at the rate of 1/2 * per seconde

The size of the needle used and the resistance values are also
shown 1n table XV.

A Prootor ourve is plotted on page 27 whiioch shows the relationship

between optimum moisture and meximum densitye

-25-
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Molding of Test Cylinders

With the maximum density end optimum moisture content of the soil
known, and the percentages of cement decided upon, the test oylinders are
ready to be molded,

It is assumed in this test that the optimum moisture and maximum
density of the speoimens (after the cement has been added) will be the
same as that of the raw soile Although this is slightly erroneous, the
degree of error is so small that to oompute the values for each cylinder
would not be worth the time, and would only tend to defeat the purpose of
this report.

The amount of soil, cement, and water to be used for each test
oylinder is camputed in the following menner.

Cylinders (8% cement)

Yeximum density = 116.0 Optimum moisture = 14.87

Wte of cement = .08 x 94 = 7,52
Wte of dry soil = 116 = 7.52 = 108.481bs.

% oement by wte of oven dry soil = _T7.52 z 6.93%
108.48

Oven dry wte of sdil per specimen = _108,48 = 3,61 lbs. of dry soil
30

Usually add 10% for manipulaticn and 1/20th for moisture content.

Total dry soil = 3¢614 ¢36 4420 = 4.17 1bs,.

ement; 417 x 6433 = .289 x 454 = 131 gns.
&ir-Dry Soil: 4.17 x 454 = 1890 gms,
Waters (4.174++289) x 14¢8 = .84 x 454 = 300 co.
00
Add 1 1/2% of dry soil to take oare of evaporation. As there are 3
oylinders of each % ocement to be made each quantity shall be multiplied

by 3.
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Cylinders (10% cement)

Maximum density = 116,0 Optimum moisture = 1,83
Wte of cement = ,10 x 94 = 9,4 1bs,
Wte of dry soil = 116 - 94 = 1066 1bs.

% cement by wte of oven dry soil = 9.4  x 100 = 8,3%
10646

Oven dry wte of soil per specimen = 106.6 = 3.55 1bse of dry soil
30

Usually add 10Z for manipulation end 1/20th for moisture content,
Total dry s8oil = 3.55+ «55 -+ <20 = Lel11 1bse.

Cementz 4011 x_?_ajo__: 032}2 X [“52} - 155 gus.

Alr-dry Soils 4.11 x 454 = 1860 gmse

Waters (4.114 o342) x 14e8 = 298 co.
100

AMd 1 1/2% of dry soil to take care of evaporatione I 298445 = 343 oo,
A8 there are 3 oylinders of each ¥ cement to be made each quantity shall

be multiplied by 3.

Cylinders (12% oement)

Maximum density = 116,0 Optimum moisture = 14.87
Wte of cement = ,12 x 94 = 1l.3 1lbse

Wte of dry soil = 116 - 11.3 = 10447 1bse

% cement by wte of oven dry soil = 11,3 x 100 = 10.8%
10447

Oven dry wte of soil per speoimen = 104e7 = 3,9 lbs. of dry soil
30
Usually add 10Z for menipulation and 1/20th for moisture ocontent,
Total dry soil = 3.49 + ¢35 + 20 = 404 1ba.
Cement: 4.04 x 1038 = 4436 x 454 = 198 gms.
00

Ar-Dry Soils LeO4 x 454 = 1830 gmse
Waters  (4+O4 + o436) x %%SQ x 454 = 301 coe

Add 1 1/2% of dry soil to take care of evaporatione = 346 coe A8 there are
3 oylinders of each  cement to be made each quantity shall be multiplied

by 3.
«29=-



Cylinders (14% cement)
Maximum density = 116,0 Optimum moisture = 14,8%7
Wte of cement = ,1J4 x 94 = 13,2 1bs,

Wte of dry soil = 116 - 1342 = 102,8 1bse

Z oement by wt. of = -
Yy wte of oven dry soil :110352 Z 12.8%
L)

Oven dry wte of soil per specimen = 102,8 = 343 1bse of dry soil
30

Usually edd 10Z for manipulation and 1/20th for moisture ocontent.
Total dry soil = 3443+ 34+ 20 = 3098 1bs,
emdnts 3.98 x 12,8
100
Air-dry Soil: 3,98 x 454 = 1810 gms.
Watery (3498 4 o510) x 148 <
o _%0_0_ X 2}54 302 coe

S #510 x 454 = 231 gms,

Md 1 1/2% of dry soil to take care of evaporation. = 3024 45 = 347 cce.
As there are 3 oylinders of each % cement to be made each quantity shall
be multiplied by 3.

Twelve speoimens shall be molded for a ocomplete investigation of the
properties of soil-cement mixtures - three for each cement per ocent,

One sample or specimen of each cement content shall be used in running
the Wetting and Drying Test, These sPeoimeﬁs shall be brushed.

Two samples or speoimens of each cement content shall be used in
running the Freezing and Thawing Teste One sample of each shall be brushed.
The remaining sample shall be used in the determination of the compressive
strength of the materiale

After the required number of specimens have been molded and properly
identified, they shall be placed into the moist room for a seven day ocuring
periode The molding of the specimens shall te oarried out as previously

outlined.
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LABORATORY DURABILITY TESTS AND RESULTS

Freezing and Thawing Test

If the soil-cement were to be pert of an eirport runway, it
naturally must be tested under alternate freezing end thewing. This
test is designed for deternining the soil-cement losses and changes of
volume of the compacted specimens due to repeated freezing and thawinge.

Two samples of each trial mix will be used in this test, designated
as specimens B and Ce After the seven day ouring preiod the B and C
specimens shall be subjescted to cycles of alternate freezing and thawing.
The specimens and stands shall be placed into a refrigerator having a
constent temperature of 10°F belowzero and frozen for a period of 22 hours,
The specimen B shall then be weighed and both specimens put in the moist
room, also for a period of 22 hours. During the cyoles, free water shall
be available to the sa:rples by means of absorbent pads placed under thems

After 22 hours in the rmoist room, specimen B shall be weighed and
given two firm strokes on all areas with a standard wire brush. This is
to remove ell the materiel which has teen loosened during freezing and
thawing. Sample B shall be reweighed after btrushing, and the oven-dry
(110°C) weight of the material brushed off calculated.

The procedure descrited above constitutes ome cycle (48 hours) of
freezing and thawing. The specimens shall then be placed back into the
refrigerator and the process repeated.

This test veries from the stendard A S. T. M. test in that only
7 cyocles were run, The standard test calls for a scries of 12 cycles;
otherwise the tests are identical,

Deta end results of this test are shown in the tatles XVII - XXI,
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Wetting and Drying Test
This test is to determine the soil-cement losses and volume changes

produced by repeated wetting and drying of the soil-cement mixtures,

One specimen of each oement content shell be used in running this
test,

After the seven day ocuring period, the specimens shall be submerged
in water for & period of 4 hours, removed and weighede

Qne sample shall then be placed in an oven with a constant temperature
of 110°C for a period of 20 hours, and then weighed.

After the 4 hour wetting period, each specimen shall be given two firm

strokes on all areas with a standard wire brush. Immediately after brushing, j
each sample shall be weighed, and the weight of the loosened material |
caloulated on the oven-dry basise
The procedure outlined abave constitutes one oycle (24 hours) of
wetting and drying. This test varies from the standard Ae Se Te Me
procedure in that the latter calls for 40 hours of drying, while these
specimens shall be dryed for only 20 hourse Otherwise this procedure and
the Ae Se Te Me standard procedure are identiocale.

The date and results of this test are shown in tables XXI - XXIV.
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Compression Tests

The remaining unbrushed samples of the freeze-thew test shall be.
subjected to compression loads. The test shall be run by placing each
sample in the compression machine and noting the load (in pounds) at the
time of failuree Failure occurs when the beam can no longer be kept balanced.
Then, by ocaloulating the areea of the specimen, the pounds per square inch may
be computede

The data and resulta of the corpression tests are shown in table XXVI,

Semple Ares in sqe in, Load in pounds Strength .
et failure, Lbs./sq. ine
8 ¢C 12,50 2750 220
lo¢ 12,50 3680 295
12 ¢ 12,50 5130 411
14 ¢ 12,50 5980 478
TABLE XXVI

Weathering Testa

One soil-cement cylinder was put outedoors to be exposed to continual
weather changes, After 15 days of continuel exposure, no ill-effects of
the sample were noted. Although this period was not of suffiocient length
to determine ecourate results, soil-cement is very rarely seriously effeoted

by weathering during the months of mild climatee
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Additional Tests

It was desired, in this report,to run additional tests on the soil=-
cement specimens to test the durability and strength of the samples with
various cement ccntentse

For example it was desired to run a test to deternine the effeoct of 100
Octene gasoline on soil-cement, but due to rationing, it was impossible to
obtain even a small amount of this eirplane fuele.

As it is obvious that the soil-cement would be subjected to continuous
drippings of gasoline, oil, grease etce., if part of ar aeirport runway, this
test would be imperative to the soils engineer if any detrimental effects

were possiblee

Conclusions from Durability Tests

From the freezing and thawing test, it is easily seen that the addition
of a smell amount of cement to the soil mekes the material much more resistant
to the cycles it must undergoe The soil-cement loss per cycle decreased
(on an average) as the cement content increased. The soilecement losses for
each specimen are shown in the freezing and thawing tables XVII - XX,

Various factors have been set up, through long years of testing and
field experience, as oriteria of cement contents required to produce specimens
of satisfactory hardness, durability and serviceability, One of these standards
is thet all soil classifications &-l1, &-2 and A-3 (which includes the sandy=
loem soil conteined in the oylinders being tested), shall not lose over 14

per cent by weight during 12 oycles of either the freeze-thaw test or the

wet-dry teste




Teble XXV on page 4} shows the accumlative soil losses for a sample of

each of the cement contents, From this graph, it is evident that both the
12Z and 14% oylinders conform to the requirements. Thus, it is obvious that
the additional 2% of cement does not increase the strength and durability

of the product enough to warrant using 14%Z cement in the mixtures.

The photographs of the soil-cement semples show the effects of brushing
upon the cylinders of various cement contents. They are ocompared to the
unbrushed samples to show the loss in shape as well as the loss in weight,

From the wetting and drying test, similiar conclusions are drawne The
addition of & small per cent of cement greatly increases the stability of
the materiel. Photographs of the wet-dry specimens are shown, but are not
compared to pictures of unbrushed samples. It 15 egain evident that the 127
cenent content is much more practical then the 14%, and since it passes the
necessary qualifications, the 12% cement content is recormended for use.

For soil-cement used in eirport construction, specifications state that
the compressive strength shall not be less then 400 1bse per sqe ine
Table XXVI on page 45 gives the compressive strength of the soil-cement
specimens after 7 oycles of freezing and thawinge It is apparent that the
greater the cement content, the greater will be the compressive strengthe.

Thus, from this test, it is shown that both the 12% and the 142

oylinders exceed the 400 1lbse per sq. in., conpressive strength required.

Protection, or Armor Coats

The soil-cement type of comnstruction, if properly controlled end
supervised, will produce a surface capable of withstanding considerable
treffic. The soil-cement surface should be exposed before any bituminous
mat is applied so that the met may be firmly bonded to the soil-cement

pavenment,
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The surface should be bladed,tcleaned with a power broom and blower before
[

applying the bituminous prime. All areas in the surface which are exception-

ally rough or not hard end knit together, should be removed or repaired as

they may later cause the bituminous top to loosen, shove, or produce ruts.

It is recommended thet the soil-cement surfece be left open for use, with-

out a bituminous covering, for several months, or for at least the first
winter. On military construction work, however, the surface must be used
almost immediately. Therefore, on this type of construction, the mat may be
placed immediately after 7 days of moist covering and 14 days exposure.

On military construction work, the bituminous covering should be part
of the contract, and should not be forgotten}

During the past several years, it has been advocated to build extra
cerment surfaces into soil-cement as a part of final finishing operations,
where the surfaces are to serve special purposes, Several trial sections of
extra cement surface have been built, which have demonstrated the ease of
construction, and the completed sections have given good results.

A very significant installation of extra cement surface was made on a
soil-cement runway in the northeastern part of the United States in 1940.
Inspeotion of the product two years later, after considerable freezing and
thawing weather, showed the project was giving excellent service. A nommal
ocrack pattern at 25 feet intervals had developed, but the surface texture
was very goode This method is usuelly not recommended in military oone
struction work, however, as the added cost, and especially the added time

are definitely not desirables
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AIRPORTS AN T_RUNWAYS
Private and Commerciel Flying

From the very beginning of aviation, there has been a demand for
airports, It was relatively unimportant in the earlier days, and was not
given much notice, but with each succeeding year the industry developed,
the demand became more acute, Today the aviation industry has taken, and
is ocontinuously increasing, its place among the leading industries of the
nation. Airport development, however, has not matched this pace - due
primarly to the fact that there never has been en organized planned progranm,
either naticnal, state or local. National plenning is fundemental for the

reason that oivil aviation, perhaps more then any other type of transporta-

g o

tion, benefits the nation as a whole, rather than any particular state or
city.

Increased activity in private flying, especially in the largely
populeted cities, will necessitate oconstruoting several additional airports;
for it is to the best interests of both private and commercial flyers that
private activity be separate fram scheduled airline operations, thus,
reducing ocongestion at terminal airports. The provision of additional
airports for the use of private flyers will,enable:ﬁhem to more conveniently
house and store their planes and equipment, in addition to providing an .
edded stimulus to private ownership end private flyinge

Performance characteristiocs of commercial and private eircraft,
together with the military airoraft, determine to a large extent the
facilities that an airport must provide for the safe operation of such
oraft. These requirements, when estaﬁlished, remain constant, and as a
result, the minimum landing erea requirements of the airoraft may be

readily established.



In order to determine whether or not a given airplane mey be safely
operated in or out of a given airport, it is necessary to compare the distances
required for the eirplane to take off or land at that airport with the
distences available, The available distances obviously remein fixed for a
given airporte The various factors which influence the distance required for
en airplane to take off and reach a certain height above the ground or to
olear a ocertain height above in landing may be classified as follows; *

Ae Characteristios of the sites

le Aotual eltitude.

2¢ Nature of runway surfaoce.
Be Weather oconditionsg

le Barometrio pressure.

2+ Temperature,
3¢ Wind direotion and veloocity.

T e

Ce Charaoteristics of the airplanes
le Wing loadinge
2e¢ Power loading.
3¢ Meximum 1ift
4o Engine characteristios.
5¢ Propeller charaoteristiocse

De Operating technique:
le Mostly a colleot selection of throttle speedse

From the Civil Aeronautics Authority, the following specifications for
Class 2 landing areas, (landing areas which are not built to take care of
exceptionally heavy planes). are takens "Class 2 landing areas shall have
suffioient size to permit the safe operation of the larger sized private and
smaller sized transport planes, es well as all military planes except the
heavier bamberse For purposes of airport plemning, a landing areas located at
sea level, whether its landing area be of the all-wey or landing strip type,
will be considered qualified for inoclusion under the *2¢ classifiocation if
the landing area provides a sufficient number of landing strips at least
500 fte wide and having a minimum effeotive length of 2500 ft., or permits

¢ Fram Civil Aeronautics Authority
- 50 -
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the possibility of laying out such strips if en all-way lending area, meking
possible landings and take-offs to be mede within 22 1/2° of the prevailing
wind direotion for at least 80% of the total winds of over 5 miles per hour

velooitye In addition, the landing area shall have one hard surfaced rumway,

or its equivalent, usuable under all weather conditions for each landing strip,

the runway to have a minimum width of 100 feet, an effective length equal
to that of the landing strip, and the center line of the runway to ocoinoide
with that of the landing stripe Air navigational equipment and ground
feaocilities provided shall inolude modern lighting equipment, satisfactory
dreinage, hangar end fueling equipment, weather bureau facilities, end
adequate shop, office end waiting room spaces All landing areas should

be adequately fenced.*

Flight Strips For Military and Civilian Use
Ag the war has taught us, it is a mistake to concentrate & large

number of airoraft on onme airporte It is equally foolish to depend upon a
few large airports in any defense area as enemy air action would quickly put
these few out of ocommissione It is desirable to have not only a large number
of airports but also a large number of *{light strips® upon which to base and
disperse our military airorafte A ®"flight strip*® is defined as an area of
land with clear approaches located adjacent to a publioc highway for use as
an auxiliary landing aree for airoraft.®

By means of flight strips, landing areas may be provided at many places
where the cost of an airport would not be justified, in terms of money,
materials, transportation, and men powere Although a flight strip has only
one runway, it is believed that, by & careful study of the winda prevailing
at any looation, the runway ocan be loocated so a8 to be available for seafe
operatien during the greater part of the time.
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dlthough military oonsiderations are naturally uppermost in our minds at
the present time, some thought must be given to the postewar aspecte With
the army progrem treining thousands of pilots, immediately after the war
there will be a very large number of people in the country who heve learned
to flye It is en important responsibility of the govermnment to see that
future air trensportation is not retarded due to lack of plenning end lack
of ground faocilities,
The part that the flight strip program is expeoted to play in the post=
war world may be listed as followss
le Provide landing facilities for the ocivilian fliere
2¢ Provide basio landing facilities for small ocities for
air cargo service,
3¢ Provide auxiliary lending facilities for all types of
airorafte
While the flight strip serves the same purpose for take-off and landing
as en airport, it does not have the various facilities found at an airport,
such as terminal buildings, hangars, gasoline starege, and lighting systems.
Therefore, the cost of a flight strip represonts only a part of the cost of
an airporte While a flight strip provides only one runway, these that are
ocontemplated for the future provide for long runways end epproach arees of
greater widths and flatter glide angles than can be found at most eirportse
Flight strips have the twofold purpose of providing facilities for military
and oivilian airorafte
Although flight strips have been thought about and experimented with
for years, no suggestion of using soil-cement has been brought forth. It is
the author's opinion that soil-cement would be the final touch and ultimate
goal for flight strips] Table XXVII shows the loads and pressures on surfaces
caused by the loads of modern aircraft, and it is easily seen thet soile
oement would be ideal for all types of oraft with the exception of heavy

-5 -




bomberse This would not only ocut the cost of the "flight strip program*
& thousand-fold, but it would enable the program to be completed in a
phenamenally short time.

The practiocability of building numerous relatively inexpensive
lending fields has been demonstrated by the operations of great numbers
of military airorafte Following the settlement of the present time oconflict,
and progressing into a post-war world, the great turnover in all kinds of
aviation will give rise to an expansion of air transport facilities which
will find widely dispersed landing areas not only essential, but imperative!
Thus a duel purpose - military end oivilien is served, end soil-cement

flight-strips certainly seem destined to play e major rolee

Approximete Bearing Pressures of Four Classes of Planes,

Used for the Design of Runways

Type of Plane Traffic | Approximate Loaded | Approximate Statio Pressure
Weight Load of Tire on Runway Surface
Trainers ard 6000 1lbse
Pursuit Planes to 16,000 1lbse 10«25 lbse per sqe ine
Light Bombers 25,000 1bse
and Transports to 35,000 lbse 15-50 1bse per 8qe ine
Heavy Bambers 50,000 1bse
to 60,000 lbse 30=75 1bse per 8qe ine
Heavy Bombers
of the Future 100,000 1lbse
(Douglas B-19 etce) to 160,000 1lbse 50=90 1bse per sqe ine
TABLE XXVII
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