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FIELD MOISTURE}CONTENT INVESTIGATION .‘
Interim Report No. 1 N -

PREFACE
. _ L \ '

The Field Moisture Content.Ipvestigation is a continuing study of
moisture movement under airfield'paveﬁents. The initial phase of the in-
vestigation was a review of published accounts of methods of observihg
in-place scil moisthre content, Ag a result of this review the Bouyoucos
resistance 5lock was éelected for trial, The block appeared to be satls-
factory as a tool for measurlng moisture contents in 3011 'Ihstallations
of a number of Bouyoucos blocks were made.at three alrflelds in the Albu-
querque District, CE, located at Albuquerque (Kirtland Field), Clovis,
and Santa Fe, New Mexico, and periodic readings were taken for 18‘months.
The block installations did not yield satisfaétory results. Laboratory
calibrations of moisture blocks with compacted soils were unsuccessfﬁl
énd field block resistances did not correspond syétematically with field'
moisture contents as determined by direct sampling. A review of ﬁhelwork
that has been accomplished Qith moisture blocks and.an analysis of the
failuré of the blocks to produce reliable moisture content ihformaéion

\

is presented in this interim report,



PART I: INTRODUCTION

Authorization

1. VA study of moisture movement in base course and subgrade
materials under flexible airfield pavements was authorized by the Office,
Chief of Engineers, in the 10th indorsement to a letter ﬁo the President,
Mississippi River Commission, dated 22 August IQLL;,snbjggL;,'"Eiald,

Moisture Content Investigation",

FE SRR ST v

gmse .

2, The general purpose of this study 1s the detcnninatlon of

A 1 O R

changes in m01sture content which may occur over a perlod of tlme in base
courses and subgrades under airfield pavements., In this study the follow-
'ing information is sought:

a. Moisture gradients under the pavement, with depth and with
dlstance from the pavement edge. ,

L
. i

b. Amount of moisture of condensation under the wéérin§ c6urSe,
if any occurs,

c. Extent of influence of leakage from the surface, through
the wearing course, on base coursc and subgrade moisture
contents,

d. Extent and rate of caplllary movement of water under the
pavement,

e, Effect of drainage systems on moisture content of'thé sub-~
grade, as determined by visual inspection.

Scope

3, The scope of the investigation to the present time has beens

a. Review of the literature of in-place soil moisture measure-
ment .



b. Preliminary laboratory tests with the Bouyoucos moisture
block. : : ' ‘ '

c. Installation of Bouyoucos moisture blocks at three air-
fields in the Albuquerque District: Kirtland Field -
(Albuguerque), Clovis and Santa Fe,

d. Periodic readings of the moisture blocks referenced in ¢ -
together with limited moisture tests in a few places at
each airfield by direct sampling methods,

e. Laboratory calibrations of the moisture blocks with repre--
sentative base and subgrade materials. from the field instal-
lations, ’ L

Definitions

Lo Terms to which unusuél or special meaning is'attached in ﬂhis_ o
report are defined as follows:

Moisture block, A porous block made of plaster of Paris and
" containing two electrodes (unless another type is specifically
mentioned) used in the determination of soil moisture content
by the electrical resistance method.

Temperature gage. A small glass bulb containing two electrodes
immersed in an organic liquid by means of which soil tempera-
ture can be determined by the electrical resistance method,

Molding water content. The water content ¢f a soil specimen
at the time it was compacted or molded, expressed as a per
cent of the dry weight of the soil,

A unit of blocks. All moisture blocks placed in one vertical
line, .

An_installation of blocks and gages. All blocks and gages
placed in one pavement profile, .

Direct sampling. The method of determinihg soil moisture con-
tent by drilling a hole and taking a sample of the materials
for direct laboratory testing.,

Acknowledgments

5. The investigational program for this study was performed by



the Flexible Pavement Branch of the Soils Division of ;t.he Waterways

Experiment Station for the Airfield Bfanch of the Office, Chief of Engi-
" neers, Repre‘sentafives of thev Albuquerque Distri;:t participated in the
planning and carrying out of the moisture block installations, énd made

periodic readings of the blocks following their placement,



PART II: PRELIMINARY INVESTIGATION

+ 6., The initial phase of the preliminary investigation was a study
of the literature of in-place methods of observing soil moisture content,
This study is outlined in detail in Appendix A, with a bibliography of
the references consulted, Of the various gravimetric, electrical and
. hechanical devices used for soil moisture measurement, the method which
appeared to be most suitable for this inveetigation was the plaster of
‘?aris resistance blcck developed by Dr, G, J. Bouyoucos of Michigan
State College, (Reference No, lO,'BibliograpHy, Appendix A) and exten—
sively studied and used by several investigators, It was 1n1tia1ly con-;”i
cluded that the Bouyoucos moisture block would be the most satisfactory
method for observation of in-place soil moisture contents under pavemente,
and that direct sampling was the only dependable alternative method, The
resistance block method presents the following advantages over the direct
sampling method: | |

a. Moisture contents are measured at identical points in suc-
cessive readings,

b, A minimum of interruptions to plane traffic occurs when
moisture determinations are made,

c. A minimum disturbance of the wearing course is entailed,

d. After installation is complete the succeeding observations
are quickly and easily seccured,

i

/

Preliminary Tests on Bouyoucos Moisture Block

7. The Bouyoucos moisture block is described in detail in Appendix

A, Briefly, the resistance between two electrodes mounted in a small



plaster of Paris block is measured by connecting the leads to a spccial
Wheatstone bridge. This resistance varies with water content of the
Elock which iﬁ turn varies with water content of the surrounding soil,

The block resistance is thercfore a measure of the water cbntent of the |
soil when.equilibrium exists between the water in the block and the water
in the soil and all other factors influencing the resistance have been
evaluated. At the start of the present investigation 6ther studieé indi-.
catced that the variation of moisture block resistance with soil moistﬁre
content was affected by: (a) soil temperature; (b) salinity of the soil
lwater; and (c) gréding of the soil, - Initial labdratory tests were direc;ed
toward a brief study of these effects and included a trial installation

and calibration of the blocks. R TR

Test procedure

8. Preliminary tests with the moisture blocks were conducted ac-
cording to the mcthods proposed by Dr., Bouyoucos, In ecach test the block
was bedded in loose soil in a small pan, the soil was saturated and com-
pacted with the fingers to insure good contact with the block, after which
the pén was filled with soil, saturated and allowed to soak for 24 hours,
At this time the block resistance was read, the soil temperature was ob-
served, and a specimen for water content determination was £aken from
séil immediately above and below the block, This process was repeated,
except that the soil was dried to a lower percentage of water each time,
until a series of resistance readings was obtained for a range of soil

moisture contents,



Soil temperature

9. Moistufe block resistances were obscrved at various temperatures
_ énd wéfe c§¥ré§téd to resisﬁahces at a standard tempefature of 70 degrees
F uéing correction data developed by Dr. Bouyoucos which are shown on
plate 1. Dr, Bouyéucos found that the variation of resistance with tem-
perature was systematic in the soils studied by him, and his rcsults were

confirmed in several series of tests at the Waterways Experiment Station.

Salinity of soil water .

, 10. The effect of saline soil water on the calibration of block re-
51stance w1th soil n01sture content was studied by preparlng several cali—

bratloq Ee?t’sgeg}mens 1n the nannel descrlbed 1n paragraph 8 above, Wlth.
the exceptlon that measured amounts of sodium chloride were added to the
water used in saturating the specimens. In tests with two different con~
centrations of sodium chloride, it was found thst a ;alinity of 0,3 per
cent of the dry 9011 welght had no imnediate effect on block res1st1nccs,
whlle a salinity of 2 0 per cent lovered block resistances from 500 to
1,000 ohms below those of similar specimens with istilled water, Sincé
‘each soil has its own solution conépant and tests were to be made cali-
brating each different soil with the blocks, no further study'bf dissolved

salts in the soil water was undertaken.

N

Soil grading

11, The moisture block resistance characteristics of soils have
been shown by Dr. Bouyoucos to vary with their grain-size distribution,
moisture

The effect of soil grading on resistance variation with soiljcontent

was dealt with in this investigation by making complete tests on each



distinct soil grading encountered in field installations., No campaction
or density coﬁtrol was used in the preibninary tests, sirce available in-
formation indicated that the density of soil specimens influenced only
the time fequired for the block resistance to reach equilibrium with a

change in soil water content.

Trial installations

12. A technique for installation of moisture blocks under field
conditions was developed after several blocks were placed in natural and
coﬁﬁacted ground, It was found that to insure against cracking the plas-
ter, the bloqks‘should be plaéed in material all of which pessed the No.
f lQl§iéve, and 90yér§d:y;£ﬁ about 3 in. of soil before starting compac-
tion, Tampiﬁg was accomblished withAa 10-1b drop—hammer of the type used
in Modified AASHO compaction, fitted with a spccial A-I/Z-in.—diameter

foot.



PART III: FIELD INSTALLATIONS

- 13. Moisture‘biocks were installed at thrce aiffields in the Albu-
-querque Diétfictl(Kirtland Field, Albuquerque, and Clovis and Santa Fe
Airfields) in the manner describedvin the preceding paragraph, In-place
CBR, moisture and density tests were conducted near each installation,
and large samples of.e;ch material encountered were obtained for labora-
tory tests and ﬁlock calibrations. Table I indicates moisture conditions
present at eaéh airfield at the time of block insﬁallation. Block

a TABLE 1
PER CENT SATURATION AI'D MOISTURE CONTENT

Kirtland, Clovis, and Santa Fe-Airfieids'Aﬁ .
at Time of Moisture Cell Installations

Saturation {foisture, Per Cent
Layers : Per Cent of Dry Wt

Kirtland Airfield

Natural ground . 20 ' 5
Base ' 50 - 70 L- 7
Subgrade o : 30 -~ 75 6 - 11
Clovis Airfield
Natural ground . ) 25 - 90 6 - 15
Base 50 - 70 : 8 - 11
Subgrade ‘ 30 - 75 . ’ 8 ~-12
Santa Fe Airfield
Sta, 38+10 (well drained section)
Natural ground 25 - 50 7~ 16
Base 35 - 50 3- 5
Subgrade 35 - 50 6 - 17
' Sta. 41+50 (poorly drained section)
Base 60 < 80 5~ 7
Subgrade . 60 - 80 15 - 22

NOTE: Above percentages are approximate, being based on a relatively
small number of tests
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résistance readings and a limited nunber of moisture content checks by
direct sampling have been obtained periodically since the installations
were made., jTy'pical field resistance data, with moisture contents ob-
pained by direct sampling, are shown on plates 2-4. (These plates are
discussed in detail in Part V of this report.) The plotted points and
conneqti.ng lines on these graphs represent variatior; in block resistance
with time while the numbers beside some of the plotted points give the
corresponding moisture content as dctermined by direct sampling, A |

detailed discussion of the field installations is contained in Appendix B,



PART IV: CALIBRATION TESTS

14, Tests to dalibrate the soil samples obtained from the field
installations at Kirtland Field, Clovis Airfield and Santa Fe Airport,
with the Bouyoucos moisture block caaprised a major'portion of the work
performed in the phase of the stud&'covered by this report, Progress of
these tests was closely‘followed and the pfocedure was varied, as a
method was sought of successfully calibrating soil moisture content with

block resistance.

Sample Preparation

‘of soil samplés from the three air-

¢

15, 'Moisture;plgék caiibrdpion
fields was undertakén in accordance Qith the Bouyoucos method (paragraph
8), modified to employ a larger specimen which was compacted to simulate
field conditions and which was not disturbed during the test. Each soil
sample was first quartered down to a convenient size, separated on the
’No. 10 sieve, and the coarse fraction discarded. 'This measure duplicated
‘ the treatment of material backfilled around the blocks in the field instal-
lation and was intended to avoid damage to blocks. _Thé minus lO.material
was wetted and compacted in,th;ee 1-in, layefs in an 18-gage aluminum
pan large enough to contain a Specimén of from 3,000 to 5,000 grams, Com-
paction was carried out using a 2-1b wood block of 2- x L4-in, cross sec-
tion, dropped with uniform stroke and coVerage until the soil layer
reached a constant thickness. The moisture block was‘saturated and
placed in a horizontal position; centercd in the middle layer on a level

surface of compacted soil, and material was p}essed over and around it,



using only the operators! hands. A top léyer of soil was then placed
and compacted in the manner just described, TheAcompleted specimen wvas
weighed, the moisture content of the material was determined and the

initial dry weight of soil was computed,

Specimen Water Conténts

16, In preliminary tests the water gontent of specimens was changed
rapidly, either by air-drying or. by flooding the specimen surface with a
measured increment of water, and bleck resistance was believed to reééhu

equilibrium within a few days of water content change. vLater,—it was

found that in soils compacted to approximate the field density the mois~ ;

.

P T S

ture blocks required from two WEERs_to'twg éonths to reach eouilibriﬁm”“ff””"“

witﬁ a change in water content of the surfoﬁndinp soil, To preveﬁt'los;
of moisture during this time, the surface of the s0il was sealed w1th par-
affin, applied in thin layers over a sheect of paraffined paper, after cach
wetting or drying. The paraffin was removed for the next water content
change without disturbing the specimen, in a few tests the specimen boxes
were covered with wooden lids which permitted a slow, continuous drying
of the specimen, and paraffin was not used, This method of covering
allowed closer control of water contents than the paraffin method, since
it was possible to control the rate of change by covering and uncoverlng
the specimen at intervals, Use of this latter method was limited to

tests near the conclusion of the calibration study.

Resistance Readings

L]

17. The moisture block resistance was read at the start of each

N -
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test, using a special Wheatstone bridge, and thereafter from three to’
five times a weck until block resistance had aptained equilibrium. The
last resietance reading was taken as representative of the spechmen'water
content, Tﬁe specimen was then uncovered and dried, or wetted, to the
next water content at which a resistance reading was desired, the seal
was replaced, and readings were continued as before. When resistance
observations were made, the weight and‘temperature of the specimen were
also observed and recorded, From these data, the specimen water content
and resistance corrected to 70 degrees F were couputedt Temperature ob-
servations were made on an electrical thermometer embedded in one of the

specimens, and frequent chec}s viere made by 1nsert1ng a mercury thenmom-~

';eter in the corners of other speclmens. No spec1al control of the room = "

temperature or humldlty was exerc1sed, but observations were made at
specimen'temperatures between 65 and 80 degrees F. Duration of most of
the calibration tests was four to eight months, Progress.of typical
calibration tests is shown on Dlate 5 by a plot of the variations of

®

re51stance and water content w1th tlme for two tests. In one of thase

1

tests the water content was changed bj 1ncremental drying of the specimen_.
and in the other by wetting in increments, These data are discussed in

subsequent paragraphs in this report,

Calibration Curves

18. The calibration curve for each test was prepared by plotting
resistance, on a logarithmic scale, against specimen water content, on
a uniform scale, and drawing a smooth curve through the test points,

This curve may be used to obtain soil moisture contents corresponding



1,

to field block resistances in the same soil, provided that the calibration
specimen and the soil surrounding the field block have the same character-
istics with respect to block resistivity and 'soil moisﬁure content, Inh 
addition to many preliminary tests, from one to three calibration tests‘
were completéd on each of 26 samples of base ccurse and subgrade materials
from the three airfields. The data obtained from these tests are not
presented, but typical calibration curves are shown on plates 6 and T a

and are discussed later in the report,
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PART V: DISCUSSION

Field Resistance Recadings

19. The resistance readings of moisture blocks at typical loca-
tions in the field installations are shown on plates 2-4 for Kirtland,
Clovis and Santa Fe Airfields, respcctively. In these diagrams, the

block resistance in ohms is plotted on the vertical logarithmic scale
against the elapsed time in months since the installations were mads-on-
the horizontal arithmetic scale, _Succcssive readings from each block are
connected by stfaight lines which are identificd as to hole mumber and
depth, ﬁhercver the field moisture content was determined by direct
samplihg at the tiﬁe-the block resistance was read, thé moisture,cOQtent
bgﬂaiﬁed‘ié shoﬁn beside thé“éorrespondiné fésigiénée point, It is
apparent from a review of the data presented on platés 2-4 that it was
not possible to dctermine the moisture content in a base or a subgrade
knowiné the resistance of the moisture block., Further it does not appear
po;si?le‘gven to_determinc if the wmoisture content either increased or
decreased with time. While the recasons for lack of correlation pepween
resistance and moisturc content are not known, the following causes are
.suggested: "moisture blocks may lag behind changes in soil moisture;
natural moisture differcntials may exist betﬁeen the soil at the blocks
and the soil at the points of direct sampling; and distribution and daily
range of ground temperatures may contr%bute to variations in bloék resist-

ances or in moisture contents.

Laboratory Calibrations

<

20, Preliminary tests indicated that in uncompacted soils, block
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resistances could be calibrated with moisture contents when the tests
were conducted according to the Bouyoucos pfocedure ﬁhicﬁ (a) started
with wet soil pressed about the blocks and saturated, and (b) allowed
drying of the soil., Soil structure adjacent to the block was chiefly
debendent upon soil moisture content at the start of testing and upon
shrinkage characteristics of the soil as the test progressed; this
structure, whatever its nature, wés reproduced in each test so long as
the procedure was noﬁ varied éﬁd the same material was used, Calibration
of compacted soils was undertaken with the supposition that reproducible
curves representing the resisiance-mdisture content relationship in the
field installation would be obtained in the‘laboratory‘test if the speci-
mens were compacted to approximately the densities of the materiais in
the field, Most 6f.the spccimens tested were combacted with this end in
.view, while a few were prepared at water contents near saturation or near
the air-dry state. Several typical iabo;atory calibration curves of two
" subgrade soils are shown on plates 6 and\;:'respectively, togethér with

a curve on each plafe.representing the field resistanceécbtained by read-
ing the moisture block; and the moisture contents obtained by direct
sampling adjacent to the block., The three curves shown on plate 6 are
all on thé same soil sample from Kirtland Field, and the six‘curves shown
on plate 7 are all on the samc soil sample at Clovis Airfield, Curve 3
on plate 6 and curve 6 on plate 7 are based on moisture contents obtained
from field samples and field resistance readingé. In these diagrams, the
‘resistance in ohms is plotted on the vertical &ogarithmic scale against
the soil moisture content in per cent of éry weight on the horizontal

uniform scale. These plates indicate that different laboratory
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calibration curves may be obtained for a given soil, depending on the
conditions of testing., Calibration curves for drying and for wetting:
soils are dissimilar, as shown by curves 1 and 2, platg.é. Calibration
curves for a drying soil at different densities are similar in shape but
'the°e;tire curve may be displaced horizontally or vertically on the
coordinates, as shown by curves 2, 3, and 5 of plate 7. Comparison 9f
laboratory curves with field resistance and direct sampling moisthre
content data do not indicate a correlation. These data are typical and
are substantiated by a volume of similar data not presented herein. On
the tasis of these tgsts it is not believed possible to satisfactorily
calibrate moistﬁrevblock resistance with soil moisture content to

adequately meet the objeétives of thié study.

Variations in calibration curves

2), The causes of variations émong calibration.curves of the soils
tested have not been completely isolated, but several féctors have been
observed to influence the resultc in the tests, Thesé factors are
described in the paragraphs which follow,

22, Specimen preparation, The molding water content and dry

~density at which a calibration specimen is prepared fof-teéting may af-
fect the test resulgs in some soils, Since the strength and other
characteristics of many compacted soils are known to be sensitive to
density and molding water content, it is reasonablc to sﬁggest that the
‘same factors may influence moisture block resistances, A comparison of
block resistances with soil density and molding water content in tests

on the subgrade material at Kirtland Field is prescnted in plate €, Here
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the molding water content and dry density of 16 block calibration speci-~
mens are compared with the moisture contents of‘these specimens which -
correspond to block resistances of l,OOO and 10,000 ohms, figure A of
plate 8 shows the molding water content of each specimen plotted against
the specimen water content as indicated by the célibration curve at
lo,Odb ohms block resistance; the dry density of each specimen.is shown
adJacent to its plotted point. Curves have been drawn through.points of
”equal density as illustrated. The curve representing soil at 105 1b per
cu ft dry den51ty 1ndlcates that if the specimén were compacted to this
density at 18 per cent moldlng water content, the m01sture content at a
block resistance Qf l0,000;ohms wpuld be & per cent. Following the "105
1b" curve through7£h§§diag;ém,wi£'will be seen that an increase in mold-" .
ing~water‘cont¢nt at this sane density is éccompanicd by an increase¢ in
the water content at 10,000 ohms block resistance, as shown below:

Water Content at

Molding Water Content 10,000 Ohms Block Resistance
Per Cent Per Cent | Per Cent Per Cent
of Dry Wt Saturation of Dry Wi Saturation

18 83 8,0 37
19 .87 1.0 51
20 92 = 13,0 60
21 97 .3 66

It can be seeﬁ that other curves would show the same trends as‘are pre-.-
sented for the 105-1b curve.\\ln figure B of plate 8 the Specimen molding
water contents are similarly piotted against specimen water contents at
1,000 ohms block resistance. Figure C of plate 8 shows the specimen dry
density plotted against the speciﬁen water content at 10,000 ohms block
resistance. In this figure the nunber beside each plot is the moisture

content at which the specimen was molded. Curves have bcen drawn through
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points of equal water content as illustrated, The curve of 20 per cent
specimen molding water éontent indicatcs that a épecimen coméacted at
this moisture content to a density of 102 1b per cu ft wa.l reach a block
resistance of l0,000 ohms at a water content of 9.5 per cent, Continuing
along the 20 per cent curve, it will be scen that an increase in the com-
paction of the specimen will increase the water content of the specimen
at 10,000 ohms resistance, as follows:

Water Content at

Specimen 10,000 Ohms Block Resistance
Dry Density Specimen Molding Water Per Cent Per Cent
.Lb Per Cu Ft Content, Per Cent Saturation of Dry Wt Saturation

102 B 9.5 L1
103 L S k2 10. L8
04 K3 . 12.0 - 54
105 Sy . Lo M e e 13.0 .. . 60

It can be seen that the same trend may also be shown for any other curve.
In figure D of plate 8 the speccimen densities are plotted in a like
manner against spccimen water contents at 1,000 ohms block resistance,
While all of these diagrams represent a limited range of soil conditions,
they ipdicate that wiﬁhin the range studied the relation of moisture
block resistance to soil méisture content is influenced by the specimen

density and molding water content.

23, Wetting and drying spccimens. The diffefence between calibrg-
tion curves of wetting and drying soil specimens, indicated in the pre-
ceding paragraphs, is further illustrated on plate 5, which presents the
day-to-day range of resistances during progress of two typical calibra~
tion tests. The curve representing incremcntal drying of a specimen
ranged from 380 ohms resistance at a moistﬁre content of 16,3 per cent

of dry weight, or 96 per cent saturation, to between 4 and 5 million ohms
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at 6,7 per cent of dry weight, or 39 per cent saturation, in 4 months
time. The curve representing incremental wetting of a specimen ranged -

" from about 2 million ohmsufesiétance at a moisture contéﬁt of 4,0 per

cent of dry weight, or 17 per cent saturation, to 5 temporary low point

of 680 ohms at 12.2 per cent of dry weight, or 51 per cent saturation,
after which it wandered between 1,000 and 2,000 ohms, insensitive to fur
ther wetting of the specimen. It is shown that: (1) calibration curves
of wetting and of drying.§§ils are not comparable; and (2) calibration of
wetting specimens cannot'bélca?ried fo completion, as the resistances be-

came insensitive to water content changes within the range under study.

2L, Slock equilibriﬁm time, The range of resistance during cali-
bration iests, shown onlpiate‘S and discusséd in the precedihé(péfagfdph, -
also indicates the time allowed for moisture block resistance to reach
equilibrium with ea;h change in soil moisture content. The specimen
which was dried incrementally never reached complete equilibrium with
moisture contents drier than 60 per cent of saturation, while the speci-
men which was wetted shows a resistance pattern of a large decrease
followed by a recovery of iesser magnitude for each moisture content,
Moisture equivalents bn this plot%are shown both in per cent of dry weight
and as a per cent of saturation., It ié aﬁparent that ‘equilibrium points
in these teéts must be selected arbitrarily, with the aid of diagrams
similar to the one shown, and that the selection of equilibrium points
for each water content may affect the shape of the calibration curve, A
true equilibrium of resistance with soil moisture content may require

from several weeks to several months,
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PART VI: CONCLUSIONS

55. Based oh the results of this study it is concluded that the
Eouyoucos moisture block is}notisatisfactcry for the measurement of soil
moisture contents under bituminous pavements,

26. In addition, the following specific conclusions regarding the
Bouyoucos moisture blockrarezbelieved warranted from the results of this

study.
a. The resistance readings of the moisture blocks placed
under pavements did not correlate with the actual moisture
contents obtained by direct sampling,

b. The moisture block resistance reading at a given moisture
content is different depending on whether the moisture
- content of the soil is increasing or decreasing.

c. The moisture block resistance reading at a given moisture
content varics with the unit weight density of the soil.

d. The molding moisture content and molding density appear
to affect the moisture block resistance readings through-
out the entire range of moisturc contents to which a soil
may be later subjected. '
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APPENDIX A

LITERATURE OF SOIL MOISTURE STUDY

1, A review of the literature of in-place soil moisture observa-
tions preceded the selection of the plaster of Paris (Bouyoucos) resist-
ance blocks used in the field m01sture content investlﬂatlon. Several
published articles have been received and reviewed since the installations
were made, This appendix presents a summary of the articles rev1ewed and
»contains: (a) a brief outline of the present undezstandlng of soil
moisturé; (b) a dlscusslon of methods of 1n-p1ace s0il moisture measure-
ment; (c) a description‘of the method‘selected for field use; andl(d)-a
bibliography of refefencesvconsulfed;? The selection of matefiélzpfesenﬁéd:

and the opinions offered are those of the Waterways Experiment Station.

Present Understanding of Soil Moisture

Nature of soil moisture

2. Moisture in soil may exist és‘free4moving ground water, as
capillary water, as water vapor in soii voids, and as adsorbed films on
particle surfaces to which it is held in comp}e§sive étresé. The affinity
of soil for water depends on the surface area of the éoil particles, on
the physico-chemical proberties of the internal surface and on the density
and structure of the soil system, The sum of all the for;es attracting
water to a soil is frequently called its "capillary potential®, This is
a measure of the tightness with which soil holds water and is obtained
by observing the suction, or tensile force, necessary to pull a unit mass

of water away from a unit mass of soil, It is also described as the work
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required to move a unit mass of water from a free water surface to same
point above the surface. Capillary potential is expressed in atmospheres
Vof pressure or in centimeters of water: ‘the height of a colum of water
which.baléncés the potential force, 'The logarithm of the height of the
water column, in centimeters, is sbmetimes used ﬁo express potential,
designated as the "pF". For example, a soil moisture tension of one
atmosphere pressure of 1,000 centimeters of water is referred to as a pF
of 3.0, since the logarithm of 1,000 is 3. |

3.__The:yar;atiops of capillary potential with moisture cogtént of
a soil may be detenninéd cxperhﬁentally by such devices as the tensiometer,
suction plate, pressure plate, or centrifugu, which in one way or another
tmeaoure the caplllary potential as an equivalent negative pressure or
tension. The graph of caplllary potential Hlth meisture content, tcrmed
the "sorption curve", has been studied for many soils and is reproducible
undcr constant conditions save for 2 hystercsis between wetting and dry-
1ng specimens. Since the unuaturated flow of moisture is governed by the
relative potentials of adjacent soil regions, or of soil and a porous
substance, ﬁhe yarioﬁs methods of obtaining in-place soil moisfure con-
tent observations are all dependent on the relationsﬁip between soil
moisture cont;nt and soil moistufé tension. The. success of such obser-
vations requires that the moistufe potentiais rémaiﬁ balanced long enough
for moisture contents to approach an equilibrium, as, for instance, in
the gradient above a stationar& ground~water table whérein each level
may have an equilibrium moist ‘e content.

Soil moisture movement

l,, Water in the soil moves in response to the net pressure gradient,
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which is the resultant of a complex series of forces, including gravity,
the capillary potential, film or sheet flow, and diffusion of vapor,
Near the ground surface the non-gravitatiohal components are strongly
influenced by déily reversals of the soil temperature gradient, At the
surface there occur intermittent precipitation, condensatlon or evacora-
tion of water, and interchange by convection of soxl air and atmosphere,
all influenced by water affinity of the uppermost soil layer. |

5. In compacted soil systems where density is comparatively high
and uniform the moisture movcment is sloﬁ. well-compacted‘soils are eble
to absorb very llttle addltlonal water without modification of the struc~
ture and they do not become fully saturated even when submerged for a
long period, Their slow rate of change suggcsts that compacted 50118 ..
near the surface may pcrhaps never reach moisture content cnu1110rium
but may continue in gradual fluctuations that ncver overtake the change
ib\moicture at the surface. The structure.of compacted soils is materi-
ally affected by the molding water content and the type‘éhd manner of

application of the compactive effort.

Ih-Place Measurement of Soil Moisture

Methods

6. Numerous methods have been used to mecasure the‘moisture content
of the soil in place., Some of them are scarcely applicable to thc objec~
‘tives of tbe study as outlined in the main repori, and none of them has
proven coépletely satisfactory over the range of water contents and con- _

ditions‘ﬁhich are found in natural soils, The methods described in the

literatcre will be discussed briefly, as they are outlined below:
{
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a. Gravimetric methods
(1) Gravimetric plugs o
(2) Tensiometers

b. Electrical methods
(1) .Soil resistance electrodes
(2)  Porous resistance blocks
(3) Cépacitance‘méasuréments
(4) Thermal conductivity

¢+ Mechanical methods

Gravimetric apparatus

7. General characteristics, Gravimetfic appa}étus, both‘gravimet-.

' PEIY ] ,.; ey ) , P
o

' }ic plugs and tensiometers, have had extensive use in soil moistﬁre
studies, and théy possess several charéctcristics in commori, They re-
quire close observétion and protection from disturbance. Both instru-
ments require a vertiéal tube opening at .the surface, which exposes them
to condensation or evaporation of moigture in the tube. Their placement
under a pavement is regarded as unduly hazardous as to results, although
it can be done. |

8, Gravimetric plug., This device consists of a dry, porous plug,

or cup, which is placed in a container of the.same porous material in the'
soil to be tested, with a vertical open;ng to the surface through a tube
of shaft. The amount of water the plug absorbs, from time to time, is a
measure of the water tension in the adjacent soil, Mecasurement is made
by cngaging the plug with a hook, and weighing it, suspended in the bube

or removed to the surface, with a sensitive balance, The gravimetric
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plug has been found accurate and consistent over the middle range of soil

moisture contents; it becomecs insensitive at the wet and dry extremes,

- Weighing of the cup requires a baldance too precise for extensive field
use. The device is made of plaster of Paris and should ge feplaccd peri-
odically,

| 9. Tensiometer, In this instrument a saturated porous cup is con-
nected through a continuous water column to a mercury manometer. Placed
in the soil to be tested, the cup reaches equilibrium with the soil by
movement of’pért of ifs water into the soil, so that the c§pillary PO~
tential of the soil is balanced by the tension inbphe instrument. The
manometer then reads dlrectly the capillary potent al of the adjacent
soil. mhe téﬁélometer measures the suctxon or negatlve prcssure of the
soil water directly and has been used in a great number of studies both
in the field and in the laboratory. It performs well near the field
capacity of soils and upwards to the saturayion point., If does not oper-
~ ate sétisfactorily at low moisture contents;  T?hsions greater than ohe
atmospﬁeré may cause the water column to seﬁa;aée. Tge ﬁ;réury manometer
has been on occasions replaced with a Bourdon gage, which'reduces the
space rgquirement of the instrument and also diminishes its aécuracy.

The tensiometer must be observed for leaks; otherwise its life is indefi-

nite, limited by that of tubing and connections.

Electrical apparatus

10. General characteristics. A marked advantage of the electrical

methods of in-place moisture measurement is that they do not require an

opening to the ground surface at the instrument. Apparatus may be placed
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at any location and the lgadé may be carried underground to a contrﬂl
box near the installations.' Thus, units may be placed under a pnveﬁent,
in cultivated land, in areas where ice forms or snow accumulates, and in
many locatiéns which cannot be occupied by other devices, TﬁeAchief
difficulties inherent in these methods are selection of serviceable block
and electrode or heater materials, and calibration of the instruments
“which involves a chain of sensitive relationships,

11. Soil resistance electrodes., Experiments with electrodes placed

directly in the soil to be tested were made as early as 1896. Elimination
of large resistance variations at the soil-electrode contacts and in the
resistance field of the surrounding soil Las never been accomplished,

12, Porous resistance blocks, This apparatus is a block of porous

material containing two or more elcctrodes. The resistance of the block
is a functioniof the water content of the bisck and of its moisture poten~
tial, The block is placed in the soil to be tested, and the resistance

is read by connecting the leads from the electrodes to a special Wheat-
stone bridge. When the moisture potentials of the block ahq the surround-
ing soil have attained équilibrium, the resistance cf th¢ block is a
function of the soil moisture content, Since electrical resistance is
also a function of the temperature of the medium, temperatwre obscrva-
tions are necessary. Porous electricai resistance blocks are simple and
inexpensive., They must be calibrated with samples of the prototype soil
and the resistances must be corrected to a standard temperature to permit
comparisons., Early experiments compared numerous pofous block materials;
among them were clay, cement, concrete, marble dust, dental casting com-

pound, and plaster of Paris, The superiority of the plaster of Paris was
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50 outstanding that it has becen used in all of the recent investigations
which have been reviewed, with one exception, in which a continuing
search for better materials has brought forth a fiber glass block, Plas-
ter of Paris blocks have been satisfactory in a humber of studiés of
plant growth and soil moisture utilization, Their range of activity is
.from nearly air-dry soil to soil which has been soaked and drained by
- gravity., The lifc of the blocks has been reported as from one to scveral
years, according to the length of the.pcriods of high moisture contents,
Prinéipal features of the plaster of Paris type méistdre block are as.. .
follows: | |

a. Properties of gyvpsum, The plaster of Paris camposing the
moisture block is gypsum which is a hydrated calcium sul-
"phate, slightly soluble in water. Gypsum also partially
dissociates in water so that water entering the plaster
block is supplied with a concentration of gypsum and also
of calcium and sulphate ions, and thc prescnce of other
salt solutions in the soil water is overshadowed. Each
soil ‘has a solution constant which depends on the equilib-
rium of its minerals, Whilc part of the soil salts leach
rapidly, the rest do not. The performance of the plaster
of .Paris block is related to maximum salt or ionic concen-
trations of various kinds of minerals in the soil water,
and the best method of predicting success or failure at
present is trial in the field with the 50115 and waters

= - to be tested.

b. Resistance equilibrium time, The time required by plaster
resistance blocks to attain equilibrium after a change in
soil moisture content has been variously reported as from
one or two days to one or two months, Some investigators
believe that a moisture gradient between the plaster block
and the soil surrounding it, such as the gradient maintained
by the roots of actively transpiring plants, is necessary
to obtain rapid response of the block resistance to soil -

" moisture change. This is also indicated in laboratory
tests to calibrate block resistance with soil moisture
content. When the soil is dried an increment and sealed
again, the block resistance usually comes to a new equilib-
rium in one to two months, If a more rapid change in a
soll moisture content occurs, so that the block resistance
lags behind, the rcsistance then changes with approximately
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the speed of the moisture content change, This delay and
pick-up in resistance is detrimental in plant moisture
supply studies, but in other investigations it becomes
less important. It suffices to recognize that the rate

of change in soil moisture as well as the gradient between
soil and bleck affect the time required for block equilib-.
rium to be established,

¢, Block resistance near saturation. As the soil moisture
content approaches saturation, block resistance usually
becomes constant at the minimum or saturated value for the
block. This point, together with the resistances repre-
senting initial drying, is not reproducible, and may be
affected by the manner of starting tests. One investiga~-
tor pre-saturated his plaster blocks under vacuum and
found the initial resistances about 300 ohms lower than
before, with the entire curve of resistance with moisture
content displaced. It is now believed that the wet end
of such curves might be better developed or even extended
a little by allowing more time for the block resistance
to recach an equilibrium with high moisture contents, and
perhaps by evacuation of thc blocks to insure that they
are without entrained air at the start of testing.

13. Capacitance measurcments, Mcasurements of clectrical capaci-

tance éan be made on the porous block électrodes, or on larger blocks or
condenser plates, buried directly in the soil or in porous ;aterial.
Capacitance of a poroﬁs medium varics as its moisture content changes
with the sdil moisture content, .Correlati@ns of capacitance with soil

moisture have not usually been successful, since the clectrical field

includes both porous material and surrounding soil and water,

- 14, Thermal conductiviﬂy device. This instrument consists of‘a
.cbilﬂof high-resistance wire mountcd with leads, for placing}directly in
the soil or for casting in a porous block before placing in soil, In
reading the unit, a small current is first uscd to balance the circui'c
A larger current is admitted, and sufficient time is allowed for the /
tempcrature of the coil and of the surrounding material to reach eqﬁilib—

rium, A detcctor current is measured through a micro-ammeter to iddicate

|
/



A9
the increased resistance of the coil, The increase in resistance is
related to the equilibrium_témperature of the element, which in turn is
a function of the heat conductivity of the surrounding soil. Finally,
the héat conductivity of the soil must. be related to its water content,
Several_resistance-héater'devices for measurement of thermal conductivity
in soils have operated well in laboratory tests. While none have been
reported as sﬁccéssful in field investigations, this methéd‘appears to
have possibilities. The failure of field installations has been atﬁri—
buted to irregular contacts between instruments and soil, If this ie
indeed the_@ifficulty, it may be overcome by placing'the hcater in a
_ porous block. Such a device depends on a complex chain of relationships,
'351nce the heat trangfer w1th1n the block whlch is measured by the change-
in the resistance of the element must be correlated with the moisture
content of the surrounding soil, It is known that small thermel @radiehts‘
in the soil produce movement of soil moisture as vapor, and that heat
transfer iﬂ soil may occur by mass vapor movement as well as by thermal

conductivity.

Mcchanical methods

15. At least two methods have been offered for estimating‘soil
m§iéture content by its relation to some measurement of the strength of
the material, One is the method introduced in 1933 by R. R. Proctor, in
which the resistance of the soil to penetration by a calibrated pene-
trometer needle is compared W1th water content and density of the soil.,
In another test, descrlbgd more recently, the strength of the soil is

determined by driving a diamond-shaped blade into the soil, rotating the
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. blade and its sh;ft with a handle incorporating a gage, and observing the
toraque developediin turhing the device. The torqﬁe of the instrument

gage must be calibrated with the édil ﬁéter‘éonﬁeni and ofhef character-
.istics, Attempts to relate in—place‘soii water content to in-place soil
stfength have proved unsuccessful because of the numerous- variables pre-

sent in such strength measurements.

A .

Selection of the Bouvoucos Plaster Resistance Block
. 16, The plaster of Paris resistance block, as developed by Dre G.
J. Bouyoucos of Michigan State College, waé selected for use in the field

m01sture conten£>1nve tlgat¢on after the, survey of methods of 1n-place

ll'l 'a«-~- ¥ \ , . "‘Hsp |l11 Al 1 . LY LRI R 1

moisture observation had revcaled the flLlelllty and the background of
experimentation and field use of this device. The tensiometer and gravi-
metric plug werc found to be useful in precise work in sheltered loca-
tions, but not desirable under airfield pavements. Mechanical methods
were judged unsatisfactor& and the electro—thennal‘ﬁéthod was found un-
ready for field installations at present.

oo
|

Description of the Bouyoucos Block and Associated Equipment

17. The equipment used in this phase of the\{ield moisture content
investigation consisted of plaster of Paris resistan;e blocks, tempera-
‘ture gages and a special Wheatstone bridge for taking readings of the
blocks and gages. The field installatiéns also requiredicast-iron boxee

containing terminals for the lead wires and bridge connection, and suit-

able switches for connecting moisture block circuits to the bridge., The

\



ALl

moisture blocks, temperature gages and the bridge modification were

developed by'Dr. G. J. Bouyoucos of Michigan State College,

Moisture block

18, The Bouyoucos moisture block is 2-1/2 in. by 1-3/8 in. by 1/2
in. The electrodes imbedded in the block are for@ed by tinning with
solder the ends of the wires, The wires may be of any length required,
except that it is desirable to keep them less than 100 ft long because
of the increasing electrical capacitance of the circuit, Where the wire
is very lohg additional capacity may have to be incorporated in the ‘capac-

ity balance of the bridge.

Temperature gage

19. The temperature gage consists of a glass bulb, about 3/16 in,

in diameter and 1/2 in. long, containing two electrodes spaced about 1/8
in, apart in an organic fluid. The effect of capacity is even more pro-
LT ‘ S ; .

noundéd on the operation of the temperature'gages ihahion the moisture

blocks, ° o S -

Wheatstone bridgg

20, éhe bridge used in reading the blocks and éells is an adapta-
tion of the Wheatstone bridge. An electron tube oscillafbr, operating
from dry batteries, subplies power to the bridge. Sufficient variable
.capacity is connected in parallel with one arm of the bridge to balance
thé wire capacity. The variable resistance is balanced and read on a
graduated dial while a dial multiplier switch permits operation over four

overlapping resistance ranges between zero and 5,5 million chms,
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Temperature corrections

21. A change of electrical resistance in thejmoisture block is
dependent upon a change in temperatere or moistureﬁeeetent, since the
density, texture, and content of dissolved solids of the block are cop-
stant for a particular temperature and water eontent. In order to corre-
late block resistance with water eontent, the temperature of the block
must be observed at the time of reading and the re31stance must be cor-
rected to a sfandard temperature. The temperature gages, which were
provided for this purpose, reqpired calibratienlofiresieianee wiiﬁ change
- of temperature and this was carried out prior te‘placement in the fielﬁ :
installations, Variation of block resistance with:temperaﬂure for a
number of pypical soils, developed by Dr, Bouyoucos, is shewh graphically
on plate 1 of the main report, It was‘found'that this variation was so
uniferm for different soils trat temperature.corrections could be made
directly frem this graph., A log-log graph of observed resistance with
corrected resistance may be prepared from the data of the figure, if it
is desired,
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APPENDIX B
INSTALLATION OF MOISTURE BLOCKS

Purpose of Installationé

1. The purpose of the moisture block installations was to deter-
mine whether or not the blocks would satisfactorily indicate changes in
soil moisture content under field éqnditions, and to carry out the gen-
eral purpose of the study,rwhich is the observation of changes in the
.mqisture content of base and subgrade materials under pavements, when

and if the blocks yielded sati’iactory results,

Séope'of installations

2, The program of investigation provided that at each pavement
location to be tested, installation of moisture blocks were to be made’
in number and arrangement adequate to develop the necessary in-place
 ‘5011 mbisturé data, as follows:

' 2. -N01sture gradient under the pavement to be shown by hori-
zontal lines of blocks at 3 elevations froum the center

line to the edge of the pavement,

b, - Moisture of condensation under the wearing course to be
shown by blocks placed near the top of the base course,

Ce Surfaée leakage through the wearing course to be shown
by blocks placed adjacent to an artificially produced
crack.,
d. Capillary movement to be shown by blocks placed near the
top of the subgrade and 18 in, below the top of the sub-
grade .
The effects of drainage systems were to be studied by visual observations,

Five or six sets of observations were to be niade during each year at times
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to be determined by the distribution of rainfall throughout the years .

3. The program included provisions for direct sampling, (a) as a
meuns_of spot checking the resistance block data, and.(b) as an alternate
method in the event of failure of one or more blocks or entire installa-
tions. In direct sampling, borings were made in a prescribed order 15 a

sféhdérd grid or pattern about each block location,

Selection of Sites

L. Selection of airfields for installation of moisture bloCka was
made after ‘study of the.pavement evaluation reports of airfields in the
Albuquerque Dlstrlct and consultatlon with Distrlct representat1v«s.

T!.2 factors considered in the selectlons were: -

a., Pavements tested must represent sand, silt and clay sub-
grade types in a region of low rainfall,

b, Ground—water tables must be deep at the sites Selécted.

c. Suitable pavement facilities to meet the obJectlves of the
study must be avallable.

»

g.' An age differcential between two pavements at each field
was sought, but not required.

e. There must be no maintenance or repair work on the wearing
surface at the moisture block locations,

f, Proximity to the Albuquerque District Office was desxred,
other factors being equal.

: The airfields selected on this basis were Kirtland Field, Albuquerque,
New Mexico, sand subgrade; Clovis Airfield, Clovis, New Mexico, silt
subgrade; and Santa Fe Airport, Santa Fe, New Mc#ico, clay subgrade, Of
these fields, only one, Kirtland Field, afgorded pavements with a signif-

icant age differential, None of the fields had subsurface drainage systems.
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Installation of Blocks

5. Moisture blocks were installed in é-in, auger holcs, in the
ﬁanner developed during preliminary testing and as described in paragraph
- 12 of the main report; Recompaction of the backfilled material above the
blocks to as near the original density as possible was checked by fre-
quent tests with the proctor'plasticity needle during excavation and‘
filling., Bouyoucos temperature gages were placed in 3/4-in,: pipe cous
" plings for their protection, ‘These temperature gages were developed by
:Dr. Bdﬁyoucos for use with his moisture block such that both the tempera-
iure gage and moisture block could be read by the same Wheatstone bridge. -
f Lead wires for the gages were placed in trenches\pcneath the wearing
”c§ﬁfse and carried té alswitch box placed flush with the ground surface
outside the pavement, All openings in the wearing course were scaled

watertight at the completion of installation except the artificial cracks

which were cut with a pneumatic spade and werc backfilled with clean égﬁa\,

Kirtland Field

6. The installations at Kirtland Field are located near the east
end of taxiway T-2, as shown on plate Blﬂ The south half of this pave-~
ﬁent was constructed in June 1942, while.the north half was built in
March 19&5; The Block installations represent one profile across boih
pavements (Station 97+70) with a unit at the Junction and one in natural
ground outside the paved area, and two profiles at artificially produced
cracks -~ one in each pavement (station 98+10). ' There had been no main-
tenance or repair work at these locations at the time of the block instal-

lation., Traffic in April 1945 consisted of 100 daily cycles of B-24
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planes and 70 daily cycles of AT-1l planes, A strip of dust palliative
20 ft wide had been placed along each shoulder, The area had good sur-
face drainage and a good crown. The ground outside the pavement was very

dry, while the pavement subgrade was damp,

Santa Fe Airport

7. The installatipns(at Santa Fe Airport are located on- the N-S
Runway as shown on plate BZ. Normal pavement profiles aré representéd
at Station 38+10, a cuﬁ section with good_surface drainage,‘and at Sta-
tion 41+50, a fill secﬁion with rather péor surface drainage. An
installation at an artificial crack was made at Station 41490, where
the Qupside 2§ ft‘of the we;ring course showed signs of distress, Some
raip;féii.dﬁring plécéﬁent éf'the'Blocks. Traffic in May 1945‘émountedA
to aﬁouﬂ 5 cycles per day of planes with an averége wheel load of 12,500

lb,

Clovis Airfield e

8. The installations at Clovis Airfield are locatcd on N-S Runway
"Bﬁ as shown on plate B3. Normal bavement profiles are reprcsented by
installations at Station 4O+40, a cut section with good drainage, and at
Station 20+00, a fill seetion with poor surface drainage conditions. A
pavement profiié near an artificial crack is represented at Station
L0+00. No uﬁits were placed in the outside 75 £t of pavement, wﬁere the
wearing course, an asphaltic congrete only 1/2 in. thick, was disintegrat-
ing and presented a non-uniform condition.4 Traffic for the field in May
1945 consisted of about 150 cycles daiiy, mainly B-29 planes, Rain fell

at the field just prior to installation of the blocks.,
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Saméling and Teséing

b
9., During installation of moi;ture blocks, in-place CBR, density
‘and moisture'content tecsts wer¢ made in test pits-located as shown on
plates Bl, B2, and B3. A moisture content sample was also obtained at
the p01nt of ins tallatlon of each block. Large samples were taken from

. the test pits for laboratory tests to determine the gradation, 1iquid :

*

and plastic limits; specific gravity and modified AASHO. max_mum,den51ty
and optimum water content, as well as for calibration with the moisture
blocks. The results of field tests are shown in tables Bl to B3, inclu-

sive, The grading, liquid limit and plastlclty 1ndex of the large samples |

R .
are shown in plates Bb to B8 1DCIUS1V6.; : h;ﬁg.“u,J;w‘ .
Wt b .- v o . ---‘-‘-.:uqé,;ﬁg..:’xn‘-.-- e e
Ly
i ' ' o

Field Observations

10. Field observations were made by Albuquerque District personnel
at intervals of two to four months, according to the weather,'as dirgcted
in the Instructions and Outline, for the investigation, and Addenda
thereto, These observations consisted of reading resistances of @oisture
blocks and temperature gages, and boring holes and obtaining wate; con-
tent samples near some of the blocks. The water content samples were
obtalned to provide spot checks on the moisture content as measured by
the moisture block. Records of the precipitation at each field w;re
also obtained. During the first winter after making the field installa-
tions, the Bouyoucos temperature gages became erratic; yielding results

which were considered unreliable, and subsequently ground temperatures

were méasured directly by a mercury thermometer, No determination was

\
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made of the cause of failure of the temperature gages., All field data

are not presented in detail in this report but are on file at the Water-

ways Experiment. Station.

R £



TABLE Bl

RESULTS OF FIELD TESTS AT INSTALLATION OF MOISTURE BLOCKS

Kirtland Field

Depth - Type of CBR Dry Density Moisture Content
Inches Material Per Cent Lb/Cu Ft Per Cent of Dry Wt
Hole No. 1, Old Pavement, L5 Ft South of Center Line
0- 8 Base 57 133 4.8 .
11-17 Subgrade 37 118 10,8
28-3L Subgrade 14 110 ' if6.8
Hole No. 3, Junction of New and Old Pavements, Center Line
5-11 Base 50 131 6.7
15-23 . Subgrade 32 117 11.0
30 Subgrade L 101 9,2
Hole No, 5, New Pavement, 45 Ft North of Center Line
1,-10 Base 109 139 3.6
14-21 Subgrade 19 - 114 7.2
- 28-34 Subgrade . -3 105 6.4
Hole No. 6, Natural Grouhd,ggﬁ Ft North of Pavement Edge
5-13 - 33 105 3.9
13-21 - 19 100 L,
28-3l, - 18 97

5.1



TABLE B2

RESULTS OF FIELD TESTS AT INSTALLATION OF MOISTURE BLOCKS
 Clovis Airfield

Depth Type of CER ' Dry Density Moisture Content,
Inches Material Per Cent Lb/Cu Ft Per Cent of Dry Wt

Hole No. 2, Sta. 4O+40, 70 Ft Right of Center Line

2-11 Base 9 - 120 - 845
17-24 Subgrade 11 120 10.5.
32-40 Subgrade 3 102 7.9

Hole No, 4, Sta. 40+4O, Center Line =

2-10 Base 52 118 . 10.4
15-23 Subgrade - 23 126 . ‘ 9.2
9.

33-42 Subgrade 5 100

" Hole No. 8, Sta, 20+00, Natural Ground, 15 Ft Outéide Pavement

51, - 1 116 14.1
20-29 - 1.4 97 ’ 13.4
32-40 - L 100 6.2

Hole No; 10, Sta. 20+00, 35 Ft Right of Center Line

2,5-9.5 Base " 90 117

8.1
19-28 Subgrade 17 93 11,2
11,8

32-40 " Subgrade 13 . 121



TABLE B
RESULTS OF FIELD TESTS AT INSTALLATION OF MOISTURE BLOCKS
Santa Fe Alrport

Type of CBR

Depth Dry Density Moisture Content,
Inches Material Per Cent Lb/Cu Ft Per Cent of Dry Wt
Hoie No. 1, Natural Ground, 4O Ft Left of Pavement Edge

3-11 - L 88 - 15.4
32-40 - 29 -9 7.8
| Hole No. 2, Sta. 38+10, 70 Ft Left of Center Line
3-9 Base 38 129 3.9
17-24 Subgrade 5 . 87 , 16.4
31-39 Subgrade L . 85 - 14,2
™ Hole No. 4, Sta. 38+10, 25 Ft Left of Center Line ,u1 ”:s1;M.j

3-9 ' Base 116 133 : 3.5
14-20 Subgrade 22 87 14.5 .
32-38 Subgrade 8 93 6.4

Hole No., 7, Sia. L1+50, 50 Ft Left of Center Line
N :

3-10 Base 39 . 132 5.6
15-23 Subgrade 9 92 . 22,0
32-40 Subgrade 7 103 14.9

Hole No., 9, Sta. 41+50, Center Line
5-11 Base 37 134 6.5
- 15-23 Subgrade 14 104 15,2
A Subgrade 18.1

8 103
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