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thirty minutes, suggests to the field engineer that the road shoulders
along the edges of the pavement should be reinforced with slag,
gravel, cinders or broken stone, thoroughly bound with fine soil or
sand and water proofed with tar or oil

Soils which slake down 1n from 30 to 50 minutes should be kept
under constant supervision for proper maintenance which may take
the form of the addition of a few stone chips or gravel from time to
time

Table I presents the data from which the standardizing factors
for the test were determned.

A STUDY OF THE MOISTURE CONTENT OF OHIO SOILS

F H Eno
Ohwo State Univer sity, Columbus, Ohio

Because of the well-known fact that saturated soils lose most 1f not
all of their bearing value 1t was early decided to carry on a series
of observations upon the water content of different soils at different
depths and throughout the year in order to determine if possible
how the soils received the water held in them and what maximum

—~and mimmum amounts of water different soils would hold 1n the
field Further, 1t was considered a necessary observation to make
at all locations where levels were being taken upon pavements to
determine the vertical displacement taking place during the year

Therefore at all displacement stations, and quite a number of
other places, a number of soill moisture stations were established
As the observation trips, over the rather extended circuit of displace-
ment stations, could not well be taken much oftener than once a
month, 1t was decided to run two or more observation points upon
the campus near the laboratory so that weekly moisture readings
could be made and a rough check kept upon the changes in soil
moisture content

The general field stations were all numbered, but the two local
points were lettered Two sets of readings were taken at each of the
two home ponts A point on the high ground near the laboratory
and a second point on the low land near the Olentangy River were
selected for the check stations At each of these points a concrete
slab, 3 inches thick and 30 inches square, was placed upon a well
drained and cleaned surface Then each week borings were made
and soil samples taken from beneath the slabs and also from the
open ground within five or ten feet of the slabs

The soil samples were taken 1n tight, seamless tin cans, taken to
the laboratory, weighed, dred, reweighed and the moisture contained
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in the so1l determined 1n percentage of the dried weight of the soil
The samples were taken from the surface and at 6, 12, 18 and 24
inches 1n depth

The station on the high ground was lettered “A” for soils taken
from beneath the slab and “O A ” for soils taken from the open
ground alongside the slab Similarly the samples taken on the low
ground near the river were lettered “B ” and “O B”

Observations were begun at the local stations on December 10,
1924, and have been maintained to date, except for an occasional
period missed and one long period from May 15 to August 5, 1926,
when there were no laboratory assistants to carry on the work

The field stations were established along the State highways at
ponts where the displacement measurements were being taken and
at other points wherever soill variations might yield valuable 1n-
formation The first full field observations were begun 1n January,
1925, although a few readings were taken in December, 1924

The surface moistures change quickly from wet to dry with rather
wide ranges, from 2 0 per cent up to 124 per cent These changes
are easily accounted for as they are due to rain, snow, thawing
weather and drying weather ~With this phase of the question we
are little interested This phase affects only the shoulders of the
highway and the engineer can easily take precautions to prevent 1t
doing damage to the pavement or from seriously affecting traffic

However, with the moisture 1n the subsoil, from 6 inches 1n depth
down to two or more feet 1n depth, the matter of how-the moisture
gets there and of its control 13 & much more difficult problem to
solve Knowledge about 1t 1s hmited When the control of the
moisture 1n the first two feet of subsoil beneath the pavement 1s
assured, the art of efficient and economic highway construction will
be greatly advanced

In platting up the mosture content of the soils for stations “A”
and “B,” 1t was found that the moisture in the sub-soils at 6, 12,
18 and 24 inches 1n depth grouped rather closely together and main-
tained a more or less even curve, increasing 1n amount 1n the late
fall and keeping fairly constant during the winter and spring, then
decreasing for awhile and again keeping constant during the late
summer and early fall While the moisture content of the various
sub-soil depths remained nearly alike and changed 1n amounts rather
slowly, the surface so1l changed 1n moisture content rapidly and
yumped from very high to far below the moisture contained in the
sub-so1l samples

Different soils or different locations showed very marked differences
1n water content on the same day This might be due to the com-
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position of the soil, to unknown different drainage conditions in
the sub-soil, to a difference in the capillarity of soils, or 1n some
cases to vanations 1n distribution of the rainfall or snow

SUMMARY OF MOISTURE CONTENTS OF SOILS AT

TABLE I

STATIONS “A” AND “B”

(Maximum)
Beneath slab Open ground

Year | Sta | Surf | 6 | 12" 18" 24" Surf | 6”7 | 12" | 18" | 24"
49 4(336(302| 299 342 (56 2(298|296(29 1312

1925 | A |—|—|—| — | — [|— ==/ |==
2/27/317/3 7/3 7/3 12/2)2/2|7/317/3(7/3

B 35636 5|40 5| 397 343 [568(3241303|358|351

1925 —_— | — | — | —— ===
7/3(7/3|17/3 7/3 7/3 |1/12|7/3 | 7/3 | 7/3 | 7/3

A 47 1129 8121 8( 21 3 311 (|50 7|31 4|251(295(27 2

1926 —_———| — | — | —[— ===
1/30(1/30(1/23{ 4/17 8/38 || 3/6 | 2/6 |3/20|4/10|3/20

B 53 8129 7147 7| 28 3 26 6 [47 4(31 4|28 4(25 230 2

1926 —_——— — | — | ——|—
1/23|8/28|1/30)12/19/25(12/19/25/ 1/23 | 2/20 | 1/30] 2/2711/30

(Minimum)
Beneath slab Open ground

Year | Sta | Surf| 6" | 12" 18" 24" | Surf | 67 | 12" | 18" | 24"
84(85|88| 102 64(56|61(62|87

1925 | A |—|—|—| — | — | —| — | — | — |—
9/4 | 8/22(9/25| 9/4 9/25| 9/4 | 9/4 | 9/4 (10/10
74|113|143]| 159 118 |39|63(86|114{99

1925 | B |—|—|—| — | — | —| — | —|—| =
9/15|9/15|9/15| 8/22 10/3 | 9/4 | 9/4 | 9/4 |9/25] 9/4

152|14 4(13 3| 139 176 [103(14 4|14 8{14 515 4

1926 | A |—|—|—| — | — |—|—|—|—|—
5/17|8/14(8/14| 8/14 8/7 |5/17|5/17|5/1715/17|5/17

B 1691195206 196 |11 2(?) (13 8|16 7|195/190(18 7

1926 — | —|—] — — | — | — | —|—
8/7 18/1418/14| 8/14 8/21 |5/17|5/17|5/17|5/17|5/17
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A DISCUSSION OF THE DATA FROM “A” AND “B” SOIL STATIONS

Table I shows for the local stations on the Umiversity Campus the
results of the observations for 1925 and 1926 The maximum and
minimum moistures obtained, with the dates upon which the ob-
servations weer made, are given The extremes noted were 1n the sur-
face so1l and upon the open ground stations They were for station
“O B”,—driest 39 per cent and wettest 56 8 per cent of the dry
weight of the soil  For station “O A ,” the driest moisture content
was 5 6 per cent at 6 inches in depth and the wettest 56 2 per cent
on the surface .

The average moisture contents are given 1n Table II for the wet
and dry seasons of 1925 and 1926 From this table 1t may be
noted that the ratio of the dry to wet season moisture content 1s as
follows

1925 Mowsture Centent Ratios Ratios for 1926
Sta A —Dry season 64 6%, of wet season Dry season 84 5%, of wet season
Sta B —Dry season 61 8%, of wet season Dry season 86 89, of wet season
Sta O A —Dry season 59 7%, of wet season Dry season 78 39, of wet season
Sta O B —Dry season 61 7% of wet season Dry season 75 7%, of wet season
Average 61 9 Average 81 3
TABLE 11

AVERAGES OF MOISTURE CONTENT IN THE SOILS OF STATIONS “A”
AND “B” FOR THE WET AND DRY SEASONS

Beneath slab Open ground

Depth
Sur- g 1 oyor | qee | oar | B9 | g | yav | 187 | 24
face face

“A"—Average for 1925
wet season, 32 weeks 229 (1901177 (180|206 223192163169 204
“*A"—Average for 1925
dry season, 13 weeks 12711021061 1231172158 |112 04 94111135
"“A'"—Average for 1928
wet season, 44 weeks 251(205(1631166|211]200]243]253(|229|220
‘“A"—Average for 1926
dry season, 3 weeks 187 (147 (138|153 |212|111{153{156|148]169
“B"—Average for 1925
wet season, — weeka 26081249261 (255(246(233[223;230[2386]211
‘‘B"—Average for 1925
dry season, 12 weeks 128 (152 (1681751167 | 1441132 (138(140] 145
“B"—Average for 1926
wet season, 46 weeks 209|242 (253{229(220|295]|240]| 2222222009
“B"—Average for 1926
dry season, 2 weeks 2341208215/ 206{204(138|187(195[1901{187
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The soils carried on an average 31 2 per cent more moisture in
1926 than 1n 1925 The rainfall 1n 1925 was 24 22 inches up to
November 1st; 1t was 36 95 inches for the same period 1n 1926

Note that the two “B” stations carry more water, both 1n the wet
and dry reason, than do the “A” stations, and that slab stations
carry more than the open stations, with only one exception As the
opportumty for surface drainage was equally good 1n both cases, 1t 1s
probable that the higher moisture content of the “B’’ soils over the
“A” soils 18 due to the composition of the soil This station lies
much nearer the water table which may account for the increased
moisture content The soil analysis for these two soils 18 given 1
Table ITI

TABLE 1II
SOIL ANALYSIS OF “A” AND “B” SOILS

Moisture volume Atterberg hmits
Sail Coarse | o.0d | st | Clay
mater
Capillar| Equv | Change|. L L|L P L{ Pl No
YA 59 285 2 8 41 7 25 5 18 2 129 239 157 82
“B"” 00 12 0 38 6 49 4 319 216 197 36 8 20 3 186 5

The “B” so1l shows greater clay content, greater capillary action,
higher mosture equivalent and greater plastic limt, all indicating
a soll having a greater capacity for water and a greater avidity 1n
satisfying the demand

A graph of the moisture content of the so1l at the “O B " station
15 given 1 Figure 1 This 1s representative of what 1s shown by
graphs of the other stations, Figures 2, 3 and 4 The curves repre-
senting the moisture 1n the four sub-soil depths keep fairly close to-
gether, while the surface moisture curve jumps rather wildly back
and forth There are some fluctuations of the sub-soil curves and
one quite marked occurring on July 3, 1925 The data showing
some of these fluctuations are presented in Table IV, in order to
show the apparent irrelevancy of some of the usually supposed
factors active in the change of soil moisture, namely, rainfall,
evaporation, temperature, etc
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Figure 4

MOISTURE FLUCTUATIONS IN THE SUB-SOILS AT STATIONS “A”

AND “B"

A companson of the average sub-soill moistures for the observa-
tion period preceding and for the period at which the fluctuation
occurred follows

TABLE 1V
MOISTURE CONTENTS
w g “ wlopgo , Dy Mean
Date A 04 B OB ‘0 A- .Dzﬂ ) 10-day Evap Temp
+ Water +W |+ W |+W 0B’ A-B ' | Rainfall F
1925
May 2 18 0 19 6 2521255 -59 -7 2 167" 43°-70°
Apnl 25 20 3 18 6 2591211 -25 -56
Fluctuation -23 +10 (-07|+4 4
July 3 320 271 378|334 -6 3 -58 1 54" 237" | 85°-78°
June 27 18 4 12 4 23316 8 —4 4 -4 9 per
day
Fluctuation 13 6 14 7 1451686
Sept 15 95 99 146114 8 -4 9 =51 1 74" 119" | 68°-81°
Sept 4 99 56 152 91 -35 -53
Fluctuation -0 4 +43 [-06 (457
Aug 21 191 21 206 (253 -4 1 -1 5 4 35" 089’ | 70°-78°
Aug 14 15 3 17 1 198200 -2 9 -4 5
Fluctustion | +38 | +41 |+08 |+53 )
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The May 2 fluctuation averaged 15 per cent decrease beneath the
slabs and 2 7 per cent increase in the open ground There are no
figures upon evaporation but 1t was undoubtedly much less than 1n
midsuinmer The rainfall for the ten-day period ending on May
2 was 1 67 inches, the mean temperature ranged from 43° to 70° F

The fluctuation on July 3 was the most pronounced of any The
moisture content of all the four stations rose an average of 14 8 per
cent from June 27 to July 3 Rainfall 154 mnches, evaporation
0 237 inches per day, mean temperature 65° to 78° F. More
evaporation, less rain, greater mean temperature and yet an 1in-
creased moisture content of nearly 514 times that which occurred
i May

The fluctuation on September 15, 1925, averaged 50 per cent
increase for the open ground and 05 per cent decrease beneath the
slabs,—for a rainfall of 174 inches, an evaporation of 0119 inch
per day, and a mean temperature ranging from 68° to 81° F.

The fluctuation of August 21, 1926, averaged an increase for all
four stations of 3 5 per cent, for a ramfall of 4 35 inches, rain fall-
ing- on every day but one in the ten-day period, evaporation of
0089 inch per day, and a mean temperature ranging from 70°
to 78° F

There seems to be neither rhyme nor reason to these short-time
fluctuations With weather and rainfall conditions fairly uniform,
the so1l moisture 1increase varies from 2 7 per cent to 14 8 per cent,
while 1n the one case with 2 6 times as much rainfall, rather widely
distnibuted, the fluctuation amounts to a bare 3 5 per cent

While rainfall, evaporation and temperature do affect the rising
and falling soil mosture through the year they do not seem to be
the most marked factors 1n sudden fluctuations

Table IV also 1llustrates the effect that soil characteristics have
upon the water content of a soil The “B” station soil although
apparently as well drained upon the surface as the “A” station soil,
yet averages for the eight dates given above, 47 per cent more
moisture than the “A’ soils, or about 27 5 per cent greater amount 1n
“B” than 1n “A"”

Table V gives the average moisture content for some 45 general
stations along the State highways Five of these stations were be-
neath the road pavement, five were taken 1n the field some forty to
sixty feet from the pavement and other thirty-five were from the
shoulder of the road, usually about half way between the pavement
and the ditch )

The average moisture content 1n these three cases was as follows:

/
\

N

\

N
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Surface 6” 127 18”7 24"
5 field stations averaged 67 1% 290% 25.4% 20 6% 20 29,
5 slab “ ‘ . 43.1 231 22 1 22.6 22 6
34 shoulder “ “ . o327 185 177 177 17 8

As was to be expected the moisture 1n the upper parts of the field
stations was the greatest, the next greatest beneath the slabs and
the least amount from the shoulder stations Apparently the re-
duced temperature and lessened evaporation keeps the moisture con-
tent beneath the slab greater from top to bottom than in either
of the other two positions

The quantity of clay 1n the soil seems to have no effect whatever
upon the average water content

SUMMARY OF CONCLUSIONS

1 The surface of the sols tested change their moisture quickly
from 2 per cent to 124 per cent of their dry weight due to
rain, snow, thawing and drying weather

That sub-soils below 6 inches in depth change comparatively
slowly 1n water content and over very much narrower
margins The general averages range from 13 or 14 per
cent to 22 or 23 per cent water content, except in open fields
or beneath concrete slabs where 1t may run to 26 or 28 pe1
cent.

3 That for the dry portion of the summer or fall the water con-
tent of the sub-so1l may run from 60 to 65 per cent of the
water content during the winter and spring.

4 That due to some undetermined factor, possibly exposure, sub-
drainage, soill composition or a combination of all, certain
soils show nearly double the moisture content at all times
than do other soils

5 That wet and dry years may make 30 to 50 per cent difference
1n the amount of water which any given soil may hold

6 That fluctuations occur in the water content of sub-grade soils
which 1t 18 1mpossible, from the present data, to trace di-
rectly to rainfall, evaporation, or other surface weather con-
ditions

7 When the bearing value of the various types of soil has been
determined, these data of moisture content throughout the
year under different conditions may become of great value

o
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TABLE V

SOIL DATA FOR FORTY-FIVE STATIONS ALONG THE STATE HIGHWAYS

Vol Soil Per cent moisture

Soil Pl Ch
No No Max

Sand | Sit | Clay | Surf | 6 | 127 | 18" | 24"
60 36 1541135227 (638 (33616317 1] 16 6[15 6
15x 52 105161292547
21x 58 93(210{505]2841(312(136[139| 14 0[13 8
81 68 133 (250 (412 (338(217(169] 18 3] 20 4]19 4
32 72 12 4 51239710407 |24 2 23 4] 21 922 4%
76 72 16 51266 (334{400 250 18 6 19 8| 19 2/17 4
58 82 106 88370542283 (181|159 16 9[19 2
83 99 17012581234 (508221117 4/ 16 9| 15 6[15 1
78 101[248(149(206)246|548 (314189 191 17 8/18 8
60x | 104 |27 4148|198 |366|436 (311|148 17 1| 16 4l16 7
74 10412861153 {294 |313|393 (437263234 199[166
25 1051288125 (266|157 577|400 17 4 16 5/ 18 1{21 9
17x 1106 1302|193 | 03 (510|487 356 | 19 4| 20 5 21 o[20 9
69 1091206(191 (1251207 |668(207| 16 4| 18 2| 16 0[16 8
168 111 (284 (185|282 (235|483 (44 2] 19 9| 18 6/ 17 9[18 8*
22 113]311 65243302455 |352| 15 5| 14 6| 16 1{16 0
128 116(264 (139171 |346|483 (290|132 129] 14 7{14 5
123 116300 (1851113 |214|673)|284]|226] 229 236231
59 117 (279157 172|391 (432 (364 | 15 5/ 15 0f 14 4(16 3
68 118304232143 |251(606|296|190f 16 3| 17 3|17 6
34 126 (300138 65(336(599 569|321 300 28 930 61
75 1261200 (175|250 243 (507 {201 (141|147 14 2{14 0
54 126 (325(213|122}191};687 (431|166 156/ 120
71 127 1297|158 (1511264585199 |14 5 14 1| 14 015 0
127 1301293209 (222 (349|429 |3351{225|234/251218
17y 1132 330|119 54 (432|514 (3851162 17 8 17 2|16 7
16 1441299 (1891198 (314|488 (218|142 13 3| 13 3|13 9
57 148 (2082131122191 |687 (348|169 167 18 0[17 0
61 148 (3281208136 (227|637 69927 3] 23824021 71
72 155(322}1212(169|1262|569|760]| 23 2 21 5 21 6/20 6
77 15513601} 267 51 9118 928018 2|18 5{ 17 617 7
120 1621349246 7712291694458 | 220/ 21 8 21 1{20 8*
15 1711338 (177 |171{306(523|360]| 261 21 5/ 21 6/20 2
21 1711352 (202 3413765903261 190| 17 7[ 17 0|16 4
85 178 | 345(217|261)214|524(316]/21 2 179 16 2[153
119 18313631228 962056094271 221|200 20 5[22 2*
24 185|387 |111 117|186 (697|293 262 356 232230
31 2003851261102 |165 (7333681222 19 5/ 16 9|16 5
103 1202|396 |173| 9327163637927 3 250 26 825 0*
63 1218|396 |281{156(249|595]436 (22819 5 21 121 4t
33 12321420240 03290706411 |235 227 230{255
62 | 2331452276 30(109 861 (124 2| 38 7| 30 4| 26 9;25 1%
104 | 2361453 | 177113299 |588|448] 240 25 3| 26 6/26 2*
29 2511434 (257 20160 (820 |4161227 207 210227
2y |2891497 (240118111 (771|239|145137 136(128

tStations located 1n the field off of nght-of-way

*Stations located beneath the pavement




