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F O R E W O R D 

The Proceedings of the Twelfth Annual Meeting have been pnnted 
in two parts 

Part I contains the reports of the research committees and the tech-
mcal papers presented at the meetmg 

Part I I is devoted to the report of the Special Investigation on Dust 
La3ang Matenals and Methods on "The Use of Calcium Chlonde As A 
Dust PaUiative " This report was presented at the Highway Research 
Board meetmg on December 1, 1932 Pubhcation has been recom
mended by the. Committee on Maintenance, and approved by the Pub-
hcations Committee of the Board This investigation and report were 
made possible through the cooperation of the State Highway Depart
ments of South Carohna, Missoun and Nebraska and the Calcium 
Chloride Association. 
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T H E U S E O F C A L C I U M C H L O R I D E A S A D U S T 
P A L L I A T I V E 

By FRED BUHGGRAF, Research Engineer, Highway Research Board 

INTRODUCTION 

The object of this investigation has been to secure data concerning 
the efifects of dust alleviating treatments upon the soil (binder) and 
upon the preservation of the road metal, pertinent to the use of dehques-
cent salts and other materials as dust palhatives The work comprised 
auxihary tests and studies of the effects of calcium chloride on experi
mental roads in South Carolma, Missouri and Nebraska 

Work was started early in 1931 and prehmmary observations were 
made upon the test sections m South Carolma and Missouri durmg 
that year A progress report was presented at the Eleventh Annual 
Meetmg of the Highway Research Board of the National Research 
Councd and pubhshed in the Proceedings of that meetmg This is 
summarized briefly m this report 

In 1932 another test road was added, m Nebraska, and more detailed 
studies were made upon all three sections 

As the work progressed it largely resolved itself mto an mvestigation 
of the dispersion of the calcium chloride by chemical action, rainfall, 
and mamtenance mampulation The most important development 
was the observation of the effects shown by the modification of the 
customary mamtenance methods which consisted m elimmatmg the 
usual float material from the road surface and m reducmg the mam
tenance operations 

The report also mcludes brief resumes of the available information on 
the effects of calcium chlonde on roadside trees and vehicles. 

RfiSUMfi OF 1931 PROGRESS REPORT 
SOUTH CAROLINA PROJECT 

This project is located about five miles Southwest of Columbia, 
South Carolina, on Route 215 It is a typical sand-clay road carrymg 
about 300 vehicles per day. The experunental section is six miles long, 
of which three were treated with two applications of calcium chlonde 
The first apphcation was made on July 29 and consisted of 1 25 lbs 
per square yard The second apphcation was made on August 6 and 
consisted of 0 5 lb per square yard The project was divided mto six, 
one mile sections The dust palhative (calcium chlonde) was placed 
on alternate nules, in order to mitigate the influence of such major va-
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8 HIGHWAY RESEARCH BOARD 

nables as topography and surface texture The calcium chloride was 
apphed by a "Handy Sandy Distributor" which assured uniform 
application 

TABLE I 
MECHANICAL ANALYSIS OF SURFACE MATERIALS 

SOUTH CAROLINA PROJECT 

Sieve Classification 

Particle Size Distnbution of Untreated Samples of Sand-Clay 
Top Surface (Percentage) 

Sample Identification 

1 2 3 4 s 6 7 8 2-B 4-B 5-B 

Retained on No 10 5 3 6 2 2 1 1 1 4 2 2 
Retained on No 20 10 17 10 10 11 9 8 7 22 5 8 
Passing No 20 Retained on 

No 60 44 34 36 33 37 28 35 33 30 36 37 
Total Sand Retained on No 

60 55 50 46 43 48 37 43 40 54 41 46 
Passing No 60 Retained on 

No 100 14 8 11 13 13 14 14 13 9 14 15 
Passing No 100 Retained on 

No 200 9 5 9 13 9 14 8 9 5 13 14 
Total Sand Passing No 10, 

Retained on No 200 78 63 66 69 70 65 64 62 68 68 75 
Total Silt 7 5 10 12 14 13 9 8 3 13 10 
Total Clay 15 32 24 19 16 22 27 30 29 20 16 

RATE OF EVAPORATION TESTS 
To ascertam to what extent the physical properties of the soil were 

modified by the addition of a surface appbcation of calcium chloride the 
rate of evaporation of moisture from treated and untreated samples 
was determined 

A laboratory dried sample weighing approximately seven pounds was 
thoroughly mixed with a known quantity of water and the sample di
vided mto two parts These were placed m shallow pans, havmg an 
area of approxunately one square foot To the surface of one of each 
set of samples was added calcium chlonde at the rate of 1 25 pounds 
per square yard These pans were weighed daily and the rate of evapo
ration of the ongmal soil moisture was calculated 

Figure 1 shows these data graphically, and also the maxunum outside 
au- temperature and the relative humidity at noon, dunng the duration 
of this test, as reported by the weather bureau The prevaihng atmos
pheric conditions for accleration of evaporation m the laboratory were 
undoubtedly more severe than these results signify 

These tests showed the variation in rate of evaporation of different 
samples taken from the same road The untreated soil sample Number 
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7-8A m Figure 1 showed a smaller moisture loss than did the three 
treated samples in this test, but in all parallel cases the moisture evapo
rated more rapidly from the untreated soil samples 
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Figure 1. Relationship between the Rate of Evaporation of Moisture from 
Treated and Untreated Soils Under Similar Storage Conditions. Tests Made in 
Laboratory. (South Carolina Project.) 
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Figure 2. Relationship between the Initial and Subsequent Rates of Evapora
tion of Moisture from Treated and Untreated Soils. Laboratory Tests. (South 
Carolina Project) 

Figure 2 shows graphically the relationship between the mitial and 
subsequent rates of evaporation of moisture from treated and untreated 
soils The curves show that it requu-ed 27 days for the treated sample 
(1 25 pounds of calcium chloride per square yard) to lose all of its mois
ture whereas the untreated sample was dry at the end of three days 
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The surfaces of these samples were both wetted with an equal amount 
of water at the end of 27 days In this case the rate of moisture loss in 
m the treated sample was much greater than m the mitial treatment and 
the difference between the treated and untreated samples was also less 

MOISTURE CONTENT OF ROAD SURFACE 

As a direct measure of the effectiveness of calcium chloride under field 
conditions, the moisture contents of samples of the surface soil from the 
treated and untreated roads were determmed each week The relation 
between the moisture content m the top mch of treated and untreated 
road surfaces together with the amount of rainfall is shown graphically in 
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Figure 3. Relationship between the Moisture Content In Top Inch of Treated 
and Untreated Road Surfaces and the Amount of Rainfall. (South Carolina 
Project.) 

Figure 3 The moisture content m the untreated road surface is always 
less than m the treated surface, but after prolonged dry penods these 
differences are quite small 

The abdity of the treated road to hold the moisture content for a 
longer penod than the untreated surface after a ram is shown by the nse 
m the moisture curve after the ram of September 3 An analysis of the 
treated road curve also shows the effect of washmg out the calcium 
chloride by the daily rains between August 11 and 16 This is mani
fested by the decreasmg slope of the curve The extreme dryness m 
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the vicmity of this project may be appreciated when it is noted that the 
total ramfall from August 22 to October 4 was only 0 81 inch 

MISSOURI PROJECT 
This mvestigational road is located on Route 52 extending west from 

the city limits of Eldon for eight miles The first three miles are m 
Miller County, and are divided mto two 1 5 mile sections, of which one 
IS treated. The remainder of the project is in Morgan County and is 
divided mto mile sections of which every other mile is treated The 
first treatment was made August 24 and consisted of approximately 1 25 
pounds of calcium chloride per square yard, spread over a 20 foot width 
A second appbcation was made on September 23 at the rate of 0 67 
of a pound per square yard This is a gravel road and carries about 500 
vehicles per day 

MECHANICAL ANALYSIS OF SOIL SAMPLES 
Table I I contams the result of mechanical analyses of samples of the 

surface matenal before treatment Samples 1, 2, 3 and 4 were obtained 
from the compacted road surfaces and sample 5 from the excess matenal 
in the ridge along the edge of the road The dissimilanty m the texture 

T A B L E I I 

MECHANICAL ANALYSIS OP SURFACE MATERIALS 

MISSOURI PROJECT 

Sieve and Screen Classification 

Particle Size Distribution of Untreated 
Samples of Soil and Gravel (Percentage) 

Sample Identification 
Sieve and Screen Classification 

1 2 3 4 6 

Passing 2-inch Screen 100 
Passing IJ-inch Screen 99 100 
Passing IJ-inch Screen 100 95 100 99 100 
Passing 1-inch Screen 99 91 97 99 98 
Passing |-inch Screen 95 85 91 96 87 
Passing i-inch Screen 88 78 79 90 76 
Pfissing 1-inch Screen 71 66 61 78 58 
Passing J-inch Screen 61 60 51 71 47 
Passing No 10 Sieve 50 54 44 65 36 
Passing No 18 Sieve 38 49 37 58 26 
Passing No 35 Sieve 31 44 33 54 19 
Passing No 60 Sieve 22 38 27 47 9 
Passing No 140 Sieve 17 32 22 43 5 
Passing No 200 Sieve 16 32 22 43 4 
Silt (05- 005 mm diam ) 7 17 7 25 2 
Fme Clay (005- 002 mm diam ) 2 4 4 5 0 4 
Colloids (Less than 002 mm ) 5 7 7 7 2 
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of the bmder portion of these samples is shown by the uneven distnbu-
tion of the constituents m the mechamcal analyses. 

MOISTURE CONTENT OF ROAD SURFACE 

The relationship between the moisture content m the top mch of 
treated and untreated road surfaces for the month of October along with 
the amount of ramfall is shown graphically m Figure 4 This group of 
tests was started 12 days after the treated sections had received theu: 
second apphcation of calcium chloride The results were different from 
those of the South Carohna project, but a comparison of the two projects 
shows that the minimum moisture content in the Missouri project was 
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Figure 4. Relationship between the Moisture Content in Top Inch of Treated 
and Untreated Road Surfaces and the Amount of Rainfall. (Missouri Project.) 

equal to the maximum moisture content m the South Carohna project 
The general conditions conducive to high evaporation losses were much 
less m Missouri than m South Carohna The fact that the untreated 
road surfaces showed a higher moisture content dunng practically the 
whole month, than the treated, for moisture contents between 5 and 
8 5 per cent, may be due to the flocculation action of the calcium chloride, 
which caused a decrease m the surface area of the soil by coagulatmg 
the colloids The sharp rise m the moisture curve for the treated sur
face at the end of the month when the air temperature dropped to 40 
degrees is of mterest, as the rise is not related to the ramfall This 
mcrease m the moisture holdmg capacity of the calcium chlonde treated 
soil may be due either to a deflocculation of the soil particles with the 
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attendant increase in surface area or to the salt being concentrated at 
the surface by some migratory action influenced by low temperatures 

The amount of rainfall shown m Figure 4 was taken from the United 
States Weather Bureau records at Sprmgfield, Missouri, which is about 
70 miles from the project 

DISCUSSION 
M B W R COLLINGS and MR LEROT C STEWART, DOW Chemical 

Company: The opmion is expressed that the slower rate of moisture 
loss m the treated soils as noted m the South Carohna tests (Figure 1) 
was due ahnost wholly to the presence of the salt rather than to floccu-
lation of the soil particles Solutions of calcium chloride have con
siderably lower vapor pressures than water, consequently they evaporate 
at a slower rate than water Flocculation of the soil particles would 
mean a groupmg together of small particles mto larger ones Such 
action would result m larger soil pores, that is, a more open soil Hence 
if flocculation did take place its tendency would have been to increase 
the rate of moisture loss rather than to decrease it 

The lower rate of moisture loss m the treated specunens is explamable 
by the fact that calcium chlonde solutions hA/Ve lower water vapor 
pressure than water In the treated specimens all the water from the 
soil had to pass through the low vapor pressure '̂ olution at the surface 
m order to be evaporated This is similar to the action of calcium chlo
ride when apphed to a damp road surface followmg a ram The solution 
formed near the surface of the road retards the evaporation of the 
moisture which had previously entered mto the road bed 

When, at the end of the 27 day drying period, both the treated and 
untreated samples were rewetted by applymg moisture to the surfaces 
(Figure 2), the first part of the moisture apphed to the treated sample 
carried the salt which had been on or near the surface, down mto the 
lower part of the soil cake, the balance of the water staying m the upper 
part Thus, the rate of evaporation of the beginning of the second stage 
of the test was almost the same for both samples, because there was 
little difference m vapor pressure between the water in the untreated 
sample and the weak calcium chlonde solution at the surface of the 
treated sample 

The vapor pressure curves m Figure 5 show the performance of cal-
cuun chlonde solutions under all ordinary temperature and humidity 
conditions encountered m road mamtenance and explam how both the 
sohd and its solutions absorb or evaporate water m contact with air 
until the solution strength is adjusted to one having a vapor pressure 
equal to that of the water in the air 
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cal Co.) 
EXPLANATIONS OF CURVES 

1 VAPOR PBESSURE OF WATER IS given by the intersection of temperature curves with 0% calcium 
chlonde ordinate Thus vapor pressure of water at 85°F is 30 4 mm 

2 VAPOR PRESSDRES OP CALCIDM CBLORIDE SOLDTIONS of various strengths at different tempera
tures are shown by the heavy lines 

Thusat85°F asolution containing 20% calcium chloride (78%CaCl3) has a vapor pressure of 26 8 mm 
and one contaimng 50% has a vapor pressure of 12 8 mm 4s noted above, water at this temperature has 
a vapor pressure of 30 4 mm 

3 RELATIVE HUMIDITY CURVES show vapor pressures of water at each temperature and humidity 
represented by their intersections with temperature curves 

Thus at 85"̂ F and 50% relative humidity the vapor pressure of water in the air is 15 2 mm , t e , 50% 
of 30 4 mm Under these conditions of temperature and vapor pressure, calcium chloride or any of its 
solutions having a vapor pressure lower than 15 2 mm will absorb n ater sufHcient to make a solution con
taimng 46% calcium chloride (78% CaCU), which is the strength having a vapor pressure of 15 2 mm A 
weaker solution than 46% at this temperature and humidity will have a higher vapor pressure than 15 2 
mm . hence will lose water to the air until this strength is reached 

4 SATURATED SOLUTION C U R V E IS determined by the fact that when the humidity and temperature 
conditions fall to the right of it, vapor pressures are so low that calcium chlonde solution will be concen
trated to crystalline or solid form Such crystalline material will reabsorb moisture as soon as the humid
ity andj^mperature conditions change to those shown at the left of the saturated solution curve 

14 
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REPORT OF INVESTIGATION OF USE OF CALCIUM CHLO
R I D E AS A DUST PALLIATIVE SEASON OF 1932 

In 1932 an additional test road m Nebraska was placed under ob
servation This section is located about 15 miles southeast of Lmcohi 
on State Highway Number 2 

The surfacmg material of this road was the fine, hard clean matenal 
from the Platte River valley, known locally as "Sand-Gravel" A 
typical analysis is given in Table I I I This material compacts 
solidly and the resultmg mat does not mix easily with the subgrade 
In general the subsoil conditions were good 

A distmctive feature of the sand-gravel roads m Nebraska is the thm-
ness of the surface metal On the experimental section it was approxi
mately only 1̂  inches thick 

T A B L E I I I 

MECHANICAL ANALYSIS OP TYPICAL SURFACE MATERIAL 

NEBRASKA PROJECT 

Sieve and Screen Classification Percentage 

Passing IJ-inch Sieve 100 
Passing J-inch Sieve 99 
Passing f-inch Sieve 96 
Passing Number 4 Mesh Sieve 74 
Passing Number 8 Mesh Sieve 57 
Passing Number 14 Mesh Sieve 48 
Passing Number 28 Mesh Sieve 41 
Passing Number 48 Mesh Sieve 38 
Passing Number 100 Mesh Sieve 36 
Passing Number 200 Mesh Sieve 34 
Silt 5 0 
Clay 6 0 

Specific Gravity 2 62 
Voids 37 Per Cent 
Weight per Cu Ft 103 Pounds 

THE AMOUNTS OF CALCIUM CHLORIDE USED ON THE DIFFERENT 
PROJECTS 

South Carolma—This typical sand-clay road received the first apph
cation of the second season of 1 2 pounds per square yard of calcium 
chloride on May 30th The second apphcation was made on June 27th 
and consisted of 0 8 pounds per square yard The third and last ap
phcation of 1 1 pounds per square yard was made on September 19 and 
20th, 1932 The total amount for the season was 3 1 pounds per square 
yard 
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Missoun—This cherty gravel road was given its initial treatment of 
the second season of 0 7 pounds per square yard on June 10th The 
second apphcation of 1 2 pounds per square yard was made on July 6th 
and the last apphcation, made on August 11th, 1932, consisted of 1 3 
pounds per square yard The total amount for this project was 3 2 
pounds per square yard 

Nebraska—This road was given its mitial treatment of 1 3 pounds per 
square yard on July 9th and the second and last one consistmg of one 
pound per square yard on September 12th, 1932 

EVAPORATION TESTS 

E F F E C T OF HEWBTTING SUBFACB 

Laboratory determmations of the rate of evaporation of moisture 
from treated and untreated samples were made on specimens m which 
the ratio of area exposed to total volume was sumlar to that of the road 
surface This was accomphshed by placmg the samples m metal con-
tamers having a depth of 8 mches and a diameter of 5 mches The 
samples were placed in these contamers m layers conformmg to the 
actual thicknesses of the different materials found m the surface mat and 
subsoil of the road To the surface of one of each set of samples cal
cium chloride was added at the rate of two pounds per square yard 
These contamers were weighed daily and the rate of evaporation of the 
origmal moisture was calculated 

At predetermmed penods the surfaces of these samples were sprinkled 
with water to stunulate ram The amount of water added at each 
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Figure 6. Relationship between the Initial and Subsequent Rates of Evapora
tion of Moisture from Treated and Untreated Soils. (Water Added to Surface.) 
(Laboratory Tests, South Carolina Project.) 
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rewetting was equivalent to one-half inch of precipitation The pur
pose of this procedure was to determine the relationship between the 
initial and subsequent rates of evaporation of moisture from treated 
and untreated sods, and from these data to deduce the extent of the 
decrease m effectiveness of calcium chlonde treatment due to this proc
ess The pnncipal difference between this laboratory procedure and 
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Figure 7 Relationship between tlie Initial and Subsequent Rates of Evapora
tion of Moisture from Treated and Untreated Soils. (Water added to Surface.) 
(Laboratory Tests, Missouri Project.) 
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Figure 8. Relationship between the Initial and Subsequent Rates of Evapora
tion of Moisture from Treated and Untreated Soils (Water Added to Surface.) 
(Laboratory Tests, Nebraska Project.) 

the conditions prevailmg m the field is that all of the applied water 
must penetrate mto the samples, whereas m the field there would be an 
appreciable amount of water lost due to run-off Figures 6, 7 and 8 
show the relationships between the uutial and subsequent rates of evapo
ration of moisture from treated and untreated soils taken from each of 
the three experimental projects The data are in Table IV The 
results from the different projects for seven days after imtial treatment 
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and seven days after the first rewetting are compared graphically in 
Figure 9 This Figure shows that the average decrease in the effective
ness of the treatment after rewettmg was 10 per cent The average 
evaporation from the treated samples is shown to be 31 per cent of that 
from the untreated samples before the mitial wetting and 41 per cent 
after the rewetting 

Initial Treatmant I^Aflar Ramifma 

MtSSOURI NEBRASK/I Ci^itoLm 

Figure 9. Relationship between the Rates of Evaporation of Moisture from 
Treated and Untreated Soils before and after Leaching with Water. (Compari
sons Made on Data Obtained 7 Days after Initial Treatment and 7 Days after First 
Rewetting ) 

E F F E C T S OF D I F F E R E N T METHODS OF APPLYING CALCIUM CHLORIDE 

In Figure 10 are shown the relationships between the rates of evapora
tion of moisture from soils treated m different ways with the same 
amount of calcium chloride and from an untreated soil Treatment A 
consisted m placing the calcium chloride on the surface in the usual 
manner In treatment B the same amount of calcium chloride as used 
in treatment A was dissolved in the water used to bring the laboratory 
dried soil sample up to the moisture content of that of the sample used 
m treatment A The sample in treatment C had the saire moisture 
content as that of sample A, but the surface was untreated The results 
of this series of tests show a decidedly lower rate of evaporation loss 
from the surface treated with calcium chloride than from the mtegrally 
mixed treatment The integral treatment shows a similar advantage 
over the untreated sample The data are in Table V 

DESCRIPTION OF SPECIAL APPARATUS TO MEASURE EVAPORATION 

Some evaporation tests were also made volumetncally with a device 
especially developed for this purpose 

In this apparatus, as shown in Figure 11 the amount of moisture lost 
by evaporation in any period is determined by the amount of water added 
at the supply mlet to bring the water-table in the soil back to the original 
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elevation as registered on the meter stick by the mdicator on the cork 
float The water was added twice daily, so that the maximum difference 
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^ s e T e 9 le II a 
in Days 

Flgtire 10. Relationslilp between the Rates of Evaporation of Moisture from 
Soils Treated in Different Ways with the Same Amount of Calcium Chloride and 
from Untreated Soils. (Laboratory Tests, Missouri Project.) 

A. Ten grams of calcium chloride sprinkled on surface. Rate of 2 pounds per 
square yard. 

B. Ten grams of calcium chloride added to water to obtain desired moisture 
content. 

C. Untreated. 

T A B L E V 

EVAPORATION L O S S E S PROM S I M I L A R S O I L S T R E A T E D I N D I F F E R E N T W A T S WITH 
T H E S A M E AMOUNT OF C A L C I U M C H L O R I D E AND FROM U N T R E A T E D S O I L S 

(LABORATORY T E S T MISSOURI P R O J E C T ) 
( P E R C E N T A G E OF ORIGINAL W E I G H T OF WATER I N T H E SAMPLES) 

Treatment 
Age In Days 

1 2 4 6 8 10 12 

A 4 2 9 4 13 5 24 5 34 4 41 1 43 8 
B 9 4 30 2 36 5 43 8 51 0 56 3 58 4 
C 9 4 52 1 63 6 75 0 83 4 86 4 88 6 

A—Ten grams of calcium chlonde sprinkled on surface (equivalent to two 
pounds per square yard) 

B—Ten grams of calcium chloride added to water to obtain the same moisture 
content as A and C 

C—^Untreated Contains same moisture content as A and B 

m the water-table elevation was approximately one inch The depth 
from the surface of the soil to the water-table was held at 15 inches 
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The test soil, which was 12 mches m depth was taken directly from the 
road and placed in the steel pipe in such a manner that the ongmal 
arrangement was not changed This material was packed into the 

Sf/C/C 

Cork \ion of 

V>ttam 

Figure 11. Diagranunatlc Sketch of Apparatus for Measurement of evapora
tion from soils. 
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Figure 12. Relation of Evaporation Losses from Treated and Untreated Soils. 
fSouth Carolina Project.) (Data from Evaporation Apparatus.) 
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cylinder by tamping in three inch layers The sub-stratum of Standard 
Ottawa sand was moistened and tamped mto the lower cyhnder A 
layer of cheese cloth was placed on top of the Standard Ottawa sand 
before the upper test soil cylmder was screwed on to the lower cylmder 
There was mtimate contact between the materials m the two cyhnders, 
as the height of that in the lower cyhnder was such that the contact 
would be obtamed before the upper cylinder could be threaded to re
fusal To msure no moisture loss the outside of this loose connection 
was heavily coated with paraffin The apparatus was constructed of 
the two short sections of steel pipe six mches m diameter and short pieces 
of z and 1§ mch iron pipe The diagrammatic sketch in Figure 11 gives 
other dunensions 

T A B L E V I 

EVAPORATION L O S S E S FROM T R E A T E D AND U N T R E A T E D S O I L S AND T H E P R E V A I L I N G 
W E A T H E R CONDITIONS (SOUTH C A R O L I N A P R O J E C T ) (DATA FROM 

EVAPORATION APPARATUS) 

Untreated Treated (2 lbs Calcium Chloride per sq yd ) 
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1 May 18 79 53 0 03 0 17 May 31 82 33 0 00 0 09 

2 May 19 66 72 0 08 0 22 June 1 83 40 0 00 0 08 

3 May 20 69 89 0 14 0 11 June 2 82 39 0 00 0 07 

4 May 21 80 66 0 08 0 10 June 3 81 48 0 00 0 07 

5 May 22 78 59 0 31 0 12 June 4 83 42 0 00 0 06 

6 May 23 73 46 0 02 0 13 June 5 86 66 0 03 0 01 

7 May 24 83 36 0 00 0 14 June 6 91 50 0 00 0 05 

8 May 25 85 38 0 00 0 20 June 7 96 42 0 00 0 07 

9 May 26 87 56 0 00 0 21 June 8 89 58 0 36 0 03 

10 May 27 88 52 0 00 0 22 June 9 86 57 0 07 0 06 

Totals and 
Averages 

79 57 0 66 1 62 86 48 0 46 0 59 

In Figure 12 are shown the relations between the rates of evaporation 
loss from treated and untreated soils as determmed by this apparatus 
These tests were not made simultaneously as only one apparatus was 
constructed, but from the data in Table VI it will be noted that the 
climatological conditions were more favorable for evaporation durmg the 
test of the treated samples. In both cases the surface of the soil was 
protected from rainfall 

From a comparison of the results from this apparatus and those of the 
weighmg method, it is beheved that this method gives as dependable 
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results as the weighmg method and is less cumbersome An automatic 
control to maintam the water-table at a constant elevation would be a 
desirable improvement in this device 

RELATION BETWEEN VAPOR PRESSURE AND EVAPORATION 

Vapor pressure is defined by the physical chemist as the "tendency 
shown by a .substance to pass from the hquid or solid mto the gaseous 
state " This phenomenon is of great importance m understanding the 
effect of calcium chloride on the evaporation of water from soil For 
similar humidity and temperature the vapor pressure of a calcium 
chlonde solution is always lower than that of water, which means a 
slower rate of evaporation Vapor pressure may be considered as being 
a property of the free energy at the surface of the moisture film that 
surrounds each particle of the soil With an increase m the concen
tration of the calcium chlonde solution the vapor pressure is decreased 
with a correspondmg decrease in moisture loss due to evaporation It 
is chiefly the lower vapor pressure of the calcium chlonde solution on 
the surface of the treated soil samples that retards the evaporation of the 
moisture from the soil This layer of solution on the surface of the soil 
may be conceived of as an effective semi-permeable blanket through 
which the moisture from the soil has diflSculty m reachmg the surface 
where evaporation takes place 

E F F E C T OF HYGROSCOPIC PROPERTY OF CALCIUM CHLORIDE ON 
EVAPORATION 

The differences observed m the rate of evaporation between the 
treated and untreated samples were not entirely due to the difference m 
the vapor pressures of the calcium chloride solution and of the soil 
moisture in the untreated samples The hygroscopic property of the 
calcium chloride is also partially responsible Figure 13 depicts the 
relations between the rates of evaporation of moisture from treated and 
untreated soils and relative humidity These data show that dunng 
the mght when the relative humidity increases the calcium chlonde 
solution absorbs moisture from the air and there i^ a gam in weight of the 
soil sample Under like conditions the untreated soil contmues to lose 
weight, but less rapidly 

MOISTURE CONTENT OF ROAD SURFACE 

As a direct measure of the effectiveness of calcium chloride under 
field conditions, the moisture contents of samples from different depths 
of the treated and untreated roads were determmed at stated mtervals 
The results from two of the experimental projects are shown m Figures 
14 to 17 and Tables VII and VIII mclusive These data show that the 
moisture content in the untreated roads is less than in the treated roads 
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Figure 13. Relationship between the Rates of Evaporation of Moisture from 
Treated and Untreated Soils and the Effect of Relative Humidity on the Hygro
scopic Property of the Calcium Chloride Treated Soil. (South Carolina Project.) 

The greatest moisture difference between the treated and untreated 
roads appears to occur durmg prolonged dry mtervals The results 
from the Nebraska project, Figure 16, show the rapid drying out that is 
charactenstic of this material Figure 15 shows the relations between 

T A B L E V I I 

M O I S T U R E C O N T E N T OF T R E A T E D AND U N T R E A T E D ROAD SAMPLES 
C A R O L I N A P R O J E C T ) 

(SOUTH 

Time 
(Month) 

June 
June 
July 
July 
August 
August 
September 
September 
October 
October 

Weighted 
Average 

Surface 
Condition 

Treated 
Untreated 
Treated 
Untreated 
Treated 
Untreated 
Treated 
Untreated 
Treated 
Untreated 

Treated 
Untreated 

Moisture Content at Different Depths 
(Inches from Surface) 

3 8 
3 1 

6 0 
4 8 

6 9 
6 4 
7 9 
6 5 
6 4 
5 0 
6 8 
6 0 
5 1 
3 3 

6 8 
5 6 

6 6 
5 7 

6 0 

5 4 
5 5 

Aver
age 

6 8 
5 6 

5 7 
4 9 

Number of 
Testa 

Included in 
Average 

20 
20 
20 
20 
25 
25 
20 
20 
10 
10 
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T A B L E V I I I 

M O I S T U R E C O N T E N T OF T R E A T E D AND U N T R E A T E D R O A D SAMPLES ( N E B R A S K A 
P R O J E C T ) 

Surface 
Moisture Content at Different Depth s (Inches from Surface) 

Tune Surface Tune 
Condition 

1 2 3 4 5 

7-11-32 Treated 3 3 5 6 11 4 11 9 
7-11-32 Untreated 1 0 12 1 12 0 12 0 

7-13-32 Treated 3 3 5 9 13 7 11 7 12 1 
7-13-32 Untreated 0 9 6 1 11 3 11 4 12 1 

7-15-32 Treated 1 8 3 7 9 6 11 3 11 2 
7-15-32 Untreated 0 8 4 7 8 7 10 0 9 8 

7-18-32 Treated 1 7 3 2 9 6 9 6 11 1 
7-18-32 Untreated 0 8 3 7 9 8 10 8 11 8 

7-20-32 Treated 2 0 3 1 9 0 11 1 13 0 
7-20-32 Untreated 0 8 4 3 8 5 11 1 12 6 

7-22-32 Treated 2 0 3 1 10 2 12 5 11 7 
7-22-32 Untreated 0 8 6 5 10 2 10 8 12 1 

7-23-32 Treated 5 3 4 7 9 1 9 8 9 8 
7-23-32 Untreated 4 7 5 5 8 1 7 8 9 6 

7-26-32 Treated 2 0 2 8 8 8 11 1 
7-26-32 Untreated 1 7 '5 1 10 5 10 3 9 9 

7-28-32 Treated 2 6 4 5 10 3 13 4 13 0 
7-28-32 Untreated 1 5 9 4 12 7 15 7 16 0 

8- 1-32 Treated 4 3 5 0 11 4 12 4 12 2 
8- 1-32 Untreated i 3 7 5 2 11 5 12 0 11 4 

8- 3-32 Treated 2 6 4 5 8 4 14 1 14 3 
8- 3-32. Untreated 1 5 5 3 13 1 13 3 12 8 

8- 5-32 Treated 1 1 3 8 8 2 15 4 13 2 
8- 5-32 Untreated 0 6 3 8 13 1 13 0 13 5 

Average | 
Treated 2 7 4 2 10 1 11 8 12 1 

Average | Untreated 1 6 4 9 10 8 11 5 12 1 

moisture content of treated and untreated road samples taken at differ
ent depths from the surface of the South Carolma project These results 
show that the treated road moisture content is higher as far down as the 
fourth mch In Figure 17 we have similar data for the Nebraska 
project, m which case there is very little difference below the top mch 
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When we consider the thinness of the mat surface and the dense clay 
subsoil under this road, these results appear reasonable The metero-
logical data for the South Carolma and the Nebrasks projects are shown 
in Figures 18 and 19 respectively 
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Figure 14. Relationship between tbe Moisture Content of Treated and Un
treated Road Surfaces. (South Carolina Project ) 
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Figure 15. Relationship between Moisture Content of Treated and Untreated 
Road Samples Taken at Different Depths from Surface. (South Carolina Project.) 

FACTORS THAT INFLUENCE THE RETENTION OF CALcitm CHLORIDE IN A 
ROAD SURFACE 

BASE-EXCHANGE 

The loss of calcium chloride due to chemical reaction with the sod, 
or base-exchange, is dependent on the chemical composition and the 
degree of acidity of the soil The fact is well estabhshed that an ex
change of bases takes place when a soil is treated with calcium chlonde 
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Figure 16. Relationship between the Moisture Content in Top Inch of Treated 
and Untreated Road Surfaces and the amount of Rainfall. (Nebraska Project.) 
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Road Samples Taken at Different Depths from Surface. (Nebraska Project.) 
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solution That is, part of the calcium is absorbed by the soil and is 
replaced by an equal amount of some other base from the soil This 
exchange of bases is probably not carried to completion by a smgle 
treatment This chemical exchange is the least influential one of the 
three dispersion factors m reducmg the amount of calcium chlonde, but 
it is mentioned because m some soils it may influence the structural 
texture m such a manner as to make its effect of some importance It 
does offer the best method for determimng the effects of calcium chlonde 
on different soils At present it appears that this action is usually offset 
by certam inherent structural charactenstics of the soil, which play a 
more important role m the retention of the salt 

RAINFALL 

The amount of calcium chlonde lost due to the washmg out and 
leachmg down effects of ram is worthy of consideration Several 
factors must be considered as contnbutmg agencies m this action 
Chief among them are: (a) type of ram, (b) tune of ram m relation to 
chemical apphcation, (c) water permeabihty of the sod and (d) com
position of the sod The laboratory study consisted m placmg two 
identical samples of the road matenal m metal contamers and applying 
calcium chlonde to the surfaces; then after a stated mterval of tune, 
water was sprinkled on the surface of one sample and the same amount of 
water was added to the subsod of the other In the one case we have the 
leaching down effect of the calcium chlonde solution agamst the nse of 
capillary water and m the other the added water acts as excess capillary 
water and tends to hold the imtially apphed calcium chlonde at or near 
the surface. Chemical detennmations for calcium chlonde content at 
different depths from the surface were made on these samples and the 
results are shown m Figure 20 

The calcium chlonde content in the second inch of the sample to which 
water was added on the surface was found to be 75 per cent of that m 
the first mch and in the sample to which the water was added through 
the subsod, the calcium chlonde content was found to be only 28 per 
cent of that m the first mch This shows that an appreciable amount 
of the soluble salt leaches down mto the subsod The small variations 
m the calcium chlonde content at depths more than two inches below 
the surface show that there is a hnutmg depth for the leachmg action m 
this soU The positive movement of the soluble salt upward due to 
surface evaporation After havmg been leached down mto the lower 
layers," is shown graphically m Figure 21 These results are from tests on 
two samples m which the depth of matenal was a variable. In sample 
A, Figure 21, the calcium chlonde content m the surface inch was 
approximately one per cent after bemg leached three? times with 
water The calcium chlonde content rose to approximately two per 
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cent after being dned for 16 hours at 100°C In sample B, which 
had a greater depth of surface metal than sample A we note that the 
calcium chloride content rose from approximately one per cent in the 

tVater added to surface 

lYetvr addad to subsoil 

Figure 20. Relative Movement of Calcium Chloride into Soils Due in One Case 
to Adding Water to the Surface of the Sample and in the Other to Adding an 
Equivalent Amount of Water through the Subsoil. (Missouri Project.) 
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Figure 21. Movement of Calcium Chloride in Difierent Samples of Road Ma
terial after Leaching with Water and then Drying the Samples. (Laboratory 
Tests, Nebraska Project) 
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wet state to 3 5 per cent in the dry state The lower layers were not 
affected to any marked degree, although there was a shght tendency for 
the calcium chloride content to decrease with the change from the wet 
to dry state These data are in Table I X 

T A B L E I X 

C H E M I C A L A N A L Y S E S OF C A L C I U M C H L O R I D E C O N T E N T AT D I F F E R E N T L A Y E R S IN 
T H E S O I L P R O F I L E A F T E R L E A C H I N G WITH W A T E R AND T H E N R E - A N A L Y Z I N G 
T H E S O I L AT T H E S E S A M E E L E V A T I O N S A F T E R D R Y I N G T H E SAMPLES ( L A B 
ORATORY T E S T , N E B R A S K A P R O J E C T ) 

Identification 
Location of 

Sample (Inches 
Below Surface) 

Conditon 
of Sample at 

Test 

Percentage of 
Calcium Chloride 

(Based on Dry 
(Weight) 

Percentage of 
Water in Sample 

PAW 1 Wet 1 02 7 3 
PAW 2 Wet 0 45 18 4 
PAW 3 Wet 0 92 22 1 

PAD 1 Dry 2 06 3 7 
PAD 2 Dry 0 26 1 6 
PAD 3 Dry 0 40 5 6 

PCW 1 Wet 1 07 6 4 
PCW 2 Wet 0 33 6 7 
PCW 3 Wet 0 41 6 7 

P C D 1 Dry 3 27 5 5 
P C D 2 Dry 0 31 1 6 
P C D 3 Dry 0 49 1 5 

Figures 22 and 23 demonstrate conclusively the leaching of the calcium 
chlonde from the surface into the lower layers This leached soluble 
salt will be earned toward the surface as the capillary water moves up
ward due to surface evaporation and the concentration of the solution 
in the upper layer will be mcreased The extent of this upward move
ment will depend upon the penetration of the surface water after re-
wettmg, the duration and the intensity of the drying period and prob
ably the composition of the soil Tables X and X I contam the chemical 
analyses of the soil samples from the South Carolma and Missouri 
projects 

Figure 24 shows the loss of calcium chloride from the different ex
perimental projects due to all causes These results are the differences 
between the average calcium chlonde content m the road base at the 
vanous depths immediately after treatment with calcium chlonde and 
the content after different mtervals of time had elapsed Refemng to 
the Nebraska data in this figure, attention is called to the much lower 
loss of calcium chlonde content after the-second treatment (B) The 
loss represented by (A) is that determined after the mitial treatment of 
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Figure 22. Extent of Leaching of Calcitun Chloride Into the Road Surface and 
Its Relation to Rainfall. 
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Figure 23. Extent of Leaching of Calcium Chloride Into Road Surface. (Mis 
sourl Project.) 
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T A B L E X 
CHEMICAL ANALYSES OF SOIL SAMPLES TAKEN PROM DIFFERENT DEPTHS OF 

TREATED ROAD (SOUTH CAROLINA PROJECT) 

Location of Sample 
(Inches Below 

Surface) 

Milligrams of Calcii 

Sample A 

im Per Gram of Soil 

Sample B 
Percentage Aver

age of A and B Date 

0-1 2 10 (100)* 9 72 (100)* 100 9-20-32 
1-2 1 20 (57) 4 57 (47) 52 9-20-32 
2-3 0 88 (42) 2 45 (25) 34 9-20-32 
3-4 0 39 (19) 1 13 (12) 15 9-20-32 
4-5 0 20 (9) 0 59 (6) 8 9-20-32 

Average 0 95 3 69 9-20-32 

0-1 0 61 (100) 4 40 (100) 100 10- 5-32 
1 2 0 57 (94) 2 85 (65) 80 10- 5-32 
2-3 0 49 (81) 2 12 (48) 65 10- 5-32 
3-4 0 27 (44) 1 47 (33) 38 10- 5-32 
4-5 0 18 (29) 0 90 (21) 25 10- 6-32 

Average 0 42 2 35 10- 5-32 

the Calcium content in the top inch 

T A B L E X I 

CHEMICAL ANALYSES OF SOIL SAMPLES TAKEN FROM DIFFERENT DEPTHS OF 
TREATED ROAD (MISSOURI PROJECT) 

Location of 
Sample (Inches 
Below Surface) 

0- 1 
1- 2 
2- 3 
3 - 4 
4- 5 
5- 6 

Average 

0- 1 
1- 2 
2- 3 
3- 4 

4- 5 
5- 6 

Average 

Milligrams of Calcium Chloride 
Per Gram of Soil 

Ca 
2 

0 078 
0 046 
0 027 
0 008/ 
0 013 
0 007 
0 030 

0 022 
0 022 
0 025 
0 020 
0 010 
0 005 
0 021 

(100)* 
(59) 

(22 4) 

(12 8) 

(100) 
(100 )r 

(102 3) 

(34 2) 

Cl 

0 080 
0 049 
0 029 
0 010 
0 006 
0 005 
0 030 

0 032 
0 028 
0 028 
0 026 
0 013 
0 Oil 
0 023 

(100)* 
(61 3) 

(24 5) 

(6 8) 

(100) 
(87 6) 

(84 0) 

(37 0) 

Percentage 
Average of 
^ a n d Cl 

100 
60 0 

23 5 

9 8 

100 
94 0 

93 0 

36 0 

Date 

6-8-32 
6-8-32 
6-8-32 
6-8-32 
6-8-32 
6-8-32 
6- 8-32 

7- 8-32 
7-8-32 
7-8-32 
7-8-32 
7-«-32 
7-8-32 
7-8-32 

* Figures in parenthesis are the Calcium or Chloride content expressed as a 
percentage of the Calcium or Chloride content in the top inch 
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Figure 24. Loss of Calcium Chloride Content from the Different Experimental 
Projects Due to the Combined Action of Rainfall and Maintenance Manipulation 

T A B L E X I I 
CHEMICAL ANALYSES OF SOIL SAMPLES TAKEN FROM DIFFERENT DEPTHS OF 

TREATED ROAD (NEBRASKA PROJECT) 

Location of Sample 
(Inches Below Surface) 

Percentage of Calcium Chlonde 
(Based on Dry Weight) Date 

0-1 1 70 7-11-32 
1-2 1 73 7-11-32 
2-3 0 69 7-11-32 
3-4 0 07 7-11-32 
4-5 0 04 7-11-32 

Average 0 85 7-11-32 

0-1 0 11 9-12-32 
1-2 0 24 9-12-32 
2-3 0 21 9-12-32 
3-4 0 19 9-12-32 
4-5 0 17 9-12-32 

Average 0 18 9-12-32 

0-1 1 31 9-13-32 
1-2 0 32 9-13-32 
2-3 0 21 9-13-32 
3-4 0 13 9-13-32 
4-5 0 24 9-13-32 

Average 0 44 9-13-32 

0-1 0 38 11- 1-32 
1-2 0 27 11- 1-32 
2-3 0 51 11- 1-32 
3-4 0 36 11- 1-32 
4-5 0 17 11- 1-32 

Average 0 36 11- 1-32 

34 
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the road surface On the South Carohna project we have the only direct 
quantitative comparison between the loss of calcium chloride under 
regular and restricted maintenance Undoubtedly the total number of 
days on which it ramed mmunized this effect This graph is drawn 
from the data in Tables X , X I I and X I I I 

T A B L E X I I I 

CHEMICAL ANALYSES OF SOIL SAMPLES TAKEN FROM DIFFERENT LOCATIONS ON 
- T H E SURFACE OF A TREATED ROAD (MISSOURI PROJECT) 

Date 
Milligrams of Calcium per Gram of Soil 

Average Date 
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

Average 

8-18-32 2 02 1 43 2 40 2 45 2 58 2 18 
9-13-32 1 48 1 10 1 45 1 22 1 72 1 39 

MAINTENANCE MANIPULATION 

Prevaihng maintenance methods on trafl&c bound roads require that 
a loose surface layer from § to f mches thick be present at all times The 
purpose of this loose surface material is to retard the formation of pot 
holes and corrugations and to aid in resistance to erosion This is ac-
comphshed by bladmg or dragging the loose material back and forth or 
along the surface of the road These mamtenance methods are em
ployed on both untreated gravel roads and on those on which calcium 
chloride is apphed for a dust palhative This procedure is well adapted 
to untreated surfaces where the top layer loses moisture rapidly thus 
lowering stabihty to the pomt where ravelmg and other surface defects 
occur These are corrected to various extents, dependmg upon thê  
nature of the float material, by the bladmg or draggmg These opera
tions do not elimmate the dust and even may, if cohesionless float ma
terial is used, increaese it by the gnndmg action of traffic There is a 
definite moisture range in the surface of a bonded gravel road, withm 
which the road gives very satisfactory service—not too wet to cause per
manent plastic deformation or ruttmg and not too dry to destroy the 
cohesion of the surface particles resultmg m loose matenal which causes 
corrugations and dust 

Treatment with calcium chloride has been used for many years as a 
simple artificial method of maintauung a beneficial moisture content 
m the road surface But the success of such treatment has been 
variable 

From observations made on the Missoun project durmg the early 
part of the summer it was noticed that the interval of time durmg which 
the calcium chloride treatment was effective was less on that part of the 
project on which a greater amount of surface "float matenal," was being 
carried The Nebraska project which was started shortly after this 
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offered a good opportunity to test out the relative effects of different 
amounts of maintenance mampulation on surfaces with and without 
"float material " On one mile of the project, after the calcium chloride 
was applied, the mamtenance mampulation was practically discontmued 
and the compaction of the damp road surface by traffic soon removed the 
usual loose float matenal layer After five weeks this section still 
retamed practically the mitial effectiveness of the calcium chloride, 
whereas the other three treated miles, which carried a loose surface 
layer and were mampulated daily by mamtenance machmery showed 
considerable loss m effectiveness The one mile of treated "Bare-
surface" was entu*ely free from corrugations and presented a durable, 
dustless and smooth surface 

There appear to be two reasons for these results First, the true 
"mulch" action of calcium chloride When calcium chlonde dissolves 
on a road it forms a contmuous layer of solution on the upper part of 
the surface This calcium chlonde solution has a considerably lower 
vapor pressure than water, and therefore retards the evaporation of the 
water near the surface, thus tendmg to mamtam the amount of moisture 
above the detrimental minimum content. This action is aided also 
by the hydroscopic property of the salt which permits it to take up mois
ture from the air durmg periods of higher humidity Second, the absence 
of loose surface float matenal and the harmful effects of maintenance manipu
lation. The presence of unbonded float matenal acts as a grmdmg me
dium on the road surface under the action of traffic This produces 
more fine matenal which soon dnes out due to air agitation by the ve
hicles abd becomes dust Furthermore this unbonded float matenal 
offers httle resistance to the flow of ram water and a large amount of 
the calcium chlonde is washed away. These processes naturally reduce 
the thickness of the "mulch" or protective layer of calcium chlonde 
solution which means faster evaporation of the surface moisture The 
grmdmg action of the mamtenance machmery is equally as harmful as 
the presence of the loose float matenal, smce it disturbes the entire road 
surface 

On the Nebraska project the amount of maintenance on the "Bare-
surface" treated mile was 80 per cent less than on the sections main-
tamed with a loo^e float layer The "Bare-surface" treated road showed 
practically no'dust after five weeks treatment durmg July and early 
August, and did not develop any corrugations durmg this penod The 
elimmation of mamtenance manipulation and the usual float matenal 
from the slirface was also tned on one mile each of the Missoun and 
South G^ohna projects, but due to the lateness of the season there is 
very Iffctle defimte information on them, except that shown in Figure 
24 for the South Carohna project. 
' A recent report of the Nebraska project mdicates that later the condi-
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tion of the treated "Bare-surfaced" mile became not so good as that of 
the untreated surface mampulated sections This maj' mean that there 
IS a hmiting period durmg which this minimum mamtenance can be 
used successfully The fact that the "Bare-surface" treated section m 
Nebraska showed marked improvement over the other treated sections 
durmg the months of July, August, September and October is ample 
proof of its value The influence of climate on the moisture content of 
soils must be considered m connection with this behavior The moisture 
holdmg capacity of a soil mcreases as its temperature is lowered, and this 
affects the dramage and the structural stabihty of the soil For this 
reason it may be advisable m the Fall of the year to discontmue the use 
of the "Bare-surface" method and blade m and build up a metal mat 
for the Wmter and Sprmg traffic The thinness of the metal mat m 
Nebraska renders it especially susceptible to break-ups if the moisture 
content m the subsoil mcreases to such an extent as to impair its sta
bihty Further observations on these roads durmg the commg months 
will furmsh valuable additional mformation But whatever the be
havior durmg this period may be it can not detract from the excellent 
service this type of treated road has given durmg the Summer months, 
with its economical and convenient elements of (1) decreased mamte
nance operations, (2) use of less calcium chlonde, and, (3) the effective 
ehmmation of the dust nuisance 

T H E R 6 L E O F C A L C I U M C H L O R I D E I N S O I L STABILIZATION 

Soil stabihty depends upon a balanced combmation of internal fnction 
and cohesion Internal friction is supphed by the granular surfacmg 
materials, such as gravels, crushed rock and silt Cohesion is furnished 
by two pressures actmg between the clay particles The one called 
"true cohesion" is due to the attraction between the molecules at the 
pomts of contact of the grams The other, "apparent cohesion" is due 
to the surface tension of the water in the voids A better name for this 
type of cohesion probably would be "moisture fihn cohesion " It can 
be best visuahzed by hkemng the water memsci at the entrance of the 
surface voids to a rubber membrane stretched tightly around the samples 
and pressmg the grams together 

Calcium chloride due to its dehquescent and hygroscopic properties 
furmshes this "moisture fihn" to the road surface particles, thus pro-
vidmg additional cohesion to resist the shearmg action of traffic The 
effectiveness and lastmg quahties of the calcium chlonde "moisture 
film" are much greater than those of the ordmary water "moisture film" 
because of its lower vapor pressure, which means a much slower evapora
tion rate 

These cohesion phenomena are usually associated with clay, because 
theu- effects are most pronounced in fine gramed material; but they can 
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occur to a certam degree m any type of soil For example, a moistened 
sand can be moulded mto a cylinder, because the surface tension of the 
water produces some "apparent" or "moisture film" cohesion If the 
cylinder is immersed m water the surface tension disappears and the 
cylmder dismtegrates Another example is the stabihty furmshed by 
beach sands for automobile racing when wet as compared with the m-
stabihty of the same sands when dry True cohesion also exists m a 
mass of sand but this is small smce there are a relatively small number 
of pomts of contact per unit area Moisture film cohesion bemg a func
tion of gram size, gram shape, structure and density is also subject to 
wide differences brought about by changing moisture conditions If the 
moisture film between the particles is not too thick, the resistance of the 
film to shear is relatively great, due to the strong cohesive forces At 
the optunum thickness of the moisture film the liquid molecules can be 
visualized as bemg under the influence of the molecules of the sohd 
and the film has lost its property of fluidity and is in a condition which 
has some resemblance to that of a sohd If the moisture content is raised 
to the pomt where the fihn thickness increases beyond the field of mfluence 
of the molecules of the solid surface, the moisture film then regams nor
mal fluidity and offers very httle resistance to shearmg stresses 

A typical case of the value of "moisture film cohesion" in aidmg road 
surface stabdization is shown in the Nebraska experimental project 
Table X I V gives the mechamcal analyses and physical charactenstics 
of the soils from the three projects From this table it will be seen that 
the clay content of the Nebraska project is only 14 per cent or approxi
mately one-half of that of the other two projects, yet from the stand-
pomt of service behavior this road was probably the best The 14 per 
cent clay content of the sample submitted is about normal for these 
roads In a 1928 report by C M Duff, Testmg Engineer of the Ne
braska Highway Department a value of 12 8 per cent is given for the 
clay content of 76 different projects Figure 25 shows a close-up view 
of the treated surface on this project The presence of the calcium 
chloride on the road surface caused the translocation of a sufficient 
amount of moisture by acceleratmg the capiUary rise from the lower soil 
to the surface to assure moisture film cohesion This together with the 
internal friction and true cohesion produced a combmation for ideal 
stability A contributmg factor, that probably facihtated the capillary 
movement of the moisture under the mfluence of the calcium chlonde, 
was the presence of a sub-stratum of stable clay two mches below the 
road surface which had an average moisture content of approxunately 
10 per cent 

The history of the development of crushed rock and gravel roads is 
the story of soil stabihzation more and more economically attamed by 
improvements m construction, maintenance methods and materials 
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T A B L E X I V 
MECHANICAL A N A L Y S I S 

These tests were made by the Soil Laboratory of the Bureau of Public Roads 

Soil Classification 

Sandy Clay Loam. 
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S . c . 0 36 26 10 28 22 79 A-2 
Mo. 42 35 14 26 25 17 77 A-4& 

A-6* 
Neb. 66 60 13 13 14 6 53 A-2 

P H Y S I C A L C H A R A C T E R I S T I C S OF M A T E R I A L PASSING N O . 40 S I E V E 

State Ltq uid 
liimit 

Plasticity 
Index 

Shrinkage Moisture Equiva
lent Hygro

scopic 
Moisture State Ltq uid 

liimit 
Plasticity 

Index 
Limit Ratio Centri

fuge Field 

Hygro
scopic 

Moisture 

South Carolina 25 13 12 1.9 20 16 1.0 
29 14 13 19 24 24 2.2 

Nebraska 27 12 15 1.9 24 20 1.0 

* This is a border line soil having some of the physical characteristics of the 
A-4 subgrade group and a volumetric change of 20.9 per cent indicative of an A-6 
subgrade soil. 

Figure 25. Close-up View of the Sand-Gravel Road Surface Treated with 
Calcivmi Chloride. Note the Abscence of Loose "Float" Material. (Nebraska 
Project.) 
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In the past the highway engmeer acquired by trial and experimentation 
any knowledge that may have aided him m attaimng a suitable road 
under prevadmg local conditions Today m the hght of what we know 
about the characteristics of soils, such knowledge may be deduced from 
soil mechamcs. It will be seen, therefore, that the process of stabihza-
tion IS not a haphazard operation that calls for no slall or forethought 
Only by close attention to techmcal and practical considerations will 
this type of road be placed on its true and useful plane to the satisfaction 
of both engmeers and road users The scope of this mvestigation does 
not permit a detailed discussion of the entire field of soil stabihzation, 
but it IS hoped that this contnbution will be of value m enlargmg the 
general knowledge of the part that "moisture fihn cohesion" plays m 
this important and interestmg problem 

SUMMARY O F F A C T S 

1 The better retention of calcium chlonde m a compacted and un
disturbed surface than in a loose and frequently mamtamed surface 
results in an appreciably mcreased penod of effectiveness 

2 The absence of unbonded surface material on calcium chloride 
treated roads materially reduces the mamtenance operations needed 

3 Calcium chlonde furnishes to the finer road surface particles "mois
ture film cohesion" which is an important factor in sod stabihzation and 
greatly aids m resisting the shearmg forces of traffic 

4 Calcium chlonde placed on the surface of soil samples retards the 
evaporation of soil moisture The pnmary reason for this decrease m 
rate of evaporation is the low vapor pressure of the calcium chlonde 
solution This solution layer at the surface acts as a "mulch", which 
retards the passage of the soil moisture The hygroscopic property of 
calcium chloride also plays a role m slowmg up the evaporation of soU 
moisture This is due to the absorption of moisture from the air durmg 
periods of high humidity 

5 Due to the combmed properties of lower vapor pressure and hy-
groscopisity, the "moisture film cohesion" furnished by the calcium 
chlonde is more stable than that furmshed by plam water 

6 The loss of calcium chlonde by chemical base-exchange with soil 
IS probably not very large m comparison with losses from other sources 

7 The leachmg of the calcium chlonde by ram mto the lower layers 
of the road surface decreases the effectiveness of the mitial apphcation 

8 Chemical analyses of both laboratory and field samples show that 
the calcium chlonde content mcreases m the lower layers under the 
leachmg action of water 

9 Laboratory tests show that there is a positive movement of the 
salt from the lower layers of the sod toward the surface under drymg 
conditions 
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10 The apphcation of calcium chloride on the surface is far more 
effective m preventmg evaporation of soil moisture than is the mixmg 
of a sunilar amount with the soil 

11 The greatest difference m surface moisture content between the 
treated and untreated field projects was observed dunng periods of low 
rainfall and high temperatures The treated section under these condi
tions had the higher moisture content 

INDICATIONS 

There is some mdication that the season when the "Bare-surface" type 
of road should be used is limited The buildmg up of the moisture 
holdmg capacity of soil durmg the late fall months due to lower tem
perature probably requires the resumption of more frequent mamte
nance to msure smooth ridmg surfaces But the good service rendered 
by this type of surface durmg the summer, along with the dual economi
cal advantages of (a) less mamtenance, and (b) less calcium chloride, 
makes it worthy of consideration in the low cost road program 

RECOMMENDATION B Y C O M M I T T E E ON H I G H W A Y M A I N T E N A N C E 

The Committee recommends, after a review of this report, that further 
comparisons be made between projects on which the combmed factors 
of less "float" matenal and reduced mamtenance exists and others on 
which the usual mamtenance and loose surface material prevail: that 
these tests be made m states m which the calcium chloride method of 
treatment is used or is feasible: and that the results of these compansons 
be submitted to this Committee to be used as a basis for determmmg 
correct methods for obtaming the best results with this type of dust 
paUiative 

Committee on Highway Maintenance 
Highway Research Board 

B C TiNEY, Chairman 
H K BISHOP 
J ' S C R A N D E L L 
T H D E N N I S 
B E G R A Y 

A H HiNKLE 
C P O W E N S 

W . H R O O T 
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T H E C O R R O S I V E A C T I O N O F C A L C I U M C H L O R I D E ON 
V E H I C L E S 

An attempt was made to obtam mamtenance cost data from which 
the effect of calcium chlonde on the under side of the vehicle could be 
ascertamed Unfortunately no groups of trucks or buses could be found 
that were operated exclusively for any length of tune over both of these 
types of roads 

The foliowmg statements from a report "Calcium Chlonde Testing 
of Electroplated Deposits" by H C Mougey, Transactions, American 
Electro-Chemical Society, Volume 58, 1930, Page 93, give some valuable 
information on this problem 

"Our records mdicate that the use of either sodium or calcium chlonde 
to melt ice m wmter is accompamed with much more danger of produc-
mg corrosion than is the use of calcium chlonde on dusty roads m sum
mer This IS probably due to the salt and melted ice mixture producmg 
a more concentrated salt solution on the plated parts than is the case 
with calcium chlonde treated dust Since winter conditions are so 
much more severe than summer conditions, our attention should be 
directed to winter conditions If these troubles are solved, the summer 
troubles will automatically take care of themselves . Our records m-
dicate that calcium chloride is much more corrosive to plated parts than 
is sodium chlonde, although m the case of black enameled sheet metal 
parts, sodium chlonde is much more corrosive than calcium chlonde " 

In the same Transactions, page 89, from a paper by R J Wirshmg 
on "Heat Treatment of Chromium Deposits To Increase Their Resist
ance To Corrosion," we have the followmg abstract 

"Copper panels chromium plated at low current densities and high 
bath temperatures were more resistant to calcium chlonde corrosion 
than panels plated at higher current densities and/or lower temperatures 
Greater corrosion resistance is attributed to the lower hydrogen content 
of the plate Upon removing most of the hydrogen through heat, a seven
fold improvement m corrosion resistance was noted " 

There appears to have been very little complaint from vehicle owners 
on the score of corrosion due to calcium chloride 

The meager pubhshed data on this subject and the results of this m-
vestigation mdicate that the possibihty of damagmg amounts of cal
cium chloride solution commg m contact with the metal of the vehicles 
IS rather shght Under dry weather conditions, especially when the road 
IS subjected to minunum mamtenance mampulation, the presence of 
dust IS greatly decreased by the calcium chloride treatment 

A much worse condition prevails during a ram when dirt and water 
splash upon the vehicle But under these conditions the experiments 
reported herem show that the calcium chlonde penetrates deeper into 
the road and that there is a dunmished amount of it present m the 
surface water which can be splashed 



EFFECTS OF CALCIUM CHLORIDE ON TREES 43 

T H E E F F E C T O F C A L C I U M C H L O R I D E ON R O A D S I D E T R E E S 

The foUowmg excerpts are taken from a report on this subject by 
Phelps Vogelsang, Forester, of the Michigan State Highway Department 
and reported in A M E R I C A N H I G H W A Y S Volume X I , April, 1932, No 2 

"We do not know at present whether the chloride in the dust draws 
the moisture out of the leaves or whether its presence has merely a toxic 
effect I t IS also probable that the coatmg of dust with the chlonde 
covers the stoma or leaf pores, thereby wilting the needles We have 
no quantitative tests that will show the amount of chloride present in 
dust necessary to cause mjury 

"It has been a general opinion that most of the chloride injury is a 
result of absorption of the salt m solution through the root system In 
keeping a constant check on many thousands of trees in the field that 
appear to have been affected by chloride I know of only a very few trees 
that appear to be injured by absorption 

"It IS a fact that calcium chloride will kill a tree providmg enough of 
the salt is absorbed through the root system In order to determine 
the amount of chlonde necessary to injure a tree we prepared a quanti
tative test m the laboratory We might draw from these tests that it 
takes nearly a pound of chlonde per cubic foot of soil to kill an evergreen 
tree These results are not apphcable to field work as the plants were 
small, they had shallow root systems, and there was no runoff to carry 
the chloride away from the roots They do show, however, that it 
takes quite a quantity of chlonde to kill even a small tree 

"In a number of tests conducted m the field, 3 2 different species of 
trees of varying sizes were treated with four different common salts that 
are being used as dust layers It was shown that magnesium chloride 
and sodium chloride were far more toxic than calcium chloride It also 
showed, in a general way, that the evergreens were less tolerant to the 
salt than the hardwoods I have been informed that calcium chloride 
apphed to the road surface will not penetrate to more than a fourth-
inch depth This may also be an explanation as to why evergreens and 
smaller trees are more susceptible to mjury than hardwoods and larger 
trees the former having a shallow root system 

"In the past few years the writer has followed up numerous complaints 
from private property owners relative to calcium chlonde injury to trees 
and shrubs In a large percentage of these cases deciduous trees such 
as sugar maple, elm, oak, etc , were the object of complaint In no case 
was I able to confine the blame entirely to calcium chloride injury 
Many diseases and mjuries such as maple leaf scorch, oak anthracnose, 
gas mjury and general lack of moisture and care are usually confused 
and mistaken for salt injury Such cases were especially prevalent 
dunng the summer of 1930 and '31 and were noticed along untreated 
roads as well as treated ones There is always a more rapid evaporation 
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from a gravel surfaced road than from ordmary ground surface This is 
due to the porous structure as well as the constant disturbance by traffic 
This condition alone is sufficient to cause mjury durmg dry seasons to 
trees growmg close to the metal and especially when certam of the roots 
have been cut off m road construction Several thousand trees died 
along our highways durmg the summer of 1930 and '31 These trees 
had been mjured previously durmg road construction, but were able 
to survive the normal seasons until the drought came 

"We have not noticed any case where calcium chlonde has caused 
mjury to grass or deciduous shrubs growmg along the edge of the gravel 
highways In support of this observation let me quote the expenence 
of the State Department of Agnculture which experimented with cal
cium chlonde to kill weeds and shrubs while on barberry eradication 
work I t found that calcium was not satisfactory as a kiUer of this 
shrub and that sodium chloride was a far better agent 

"In our many observations and experiments it is evident that calcium 
chlonde is the least toxic of any of the salts now commonly used I t 
has been brought to our attention that various oils may be used that 
will have the necessary dust laymg quahties and still be less mjunous 
to fohage 

"In observmg the effects of oil used as a dust layer on foliage we find 
much the same results as when chloride is used The od rises very 
readily with dust when the surface has become worn This dust when 
settled on the leaves is very sticky and seems to clog the pores, thus pro-
ducmg wilt We have observed that this dust is so adhesive that a 
heavy ram will not remove it from the leaf surface Road oils when 
sprayed on fohage also appear to be very toxic 

"It IS very noticeable that trees growmg along gravel roads which are 
kept practically dustless dunng the entire growmg season, do not show 
as much mjury as those growmg along roads that carry an excess of 
loose cover, and even though chlonde is used, are not entirely dustless 
during the dry season It is clearly evident that proper road mamte
nance and removal of surplus loose gravel will reduce dust and make the 
chlonde more effective, thereby reducmg tree mjury If this procedure 
IS practiced it is possible that less chlonde can be used and still keep the 
road dustless Some of our roads are carrying so much loose gravel 
that even though large amounts of chlonde are used the road is not dust
less Such a condition is bound to produce greater mjury to the ad
jacent trees I also beheve that small amounts of chlonde apphed 
more often will reduce tree injury in that it lowers the chance of large 
amounts of chlonde gomg mto solution with the runoff water A study 
and an adjustment of the chlonde requirements for vanous sections of 
road should be sufficient to reduce tree mjury to a neghgible quantity " 
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DISCUSSION 

M E S S R S L C S T E W A R T AND W R C O L L I N G S , The Dow Chemical 

Company: Some very interesting and valuable information has been 
presented much of which is corroborated by our studies and work on the 
same subject We were particularly mterested to note the mtimation 
that the condition of the road surface affected the behavior of the cal
cium chloride apphed to the roads under observation Our work has 
included a study of the fundamental properties of soil materials and 
their relationship to gravel road stabihty and calcium chloride behavior 
It differs from that just reported m that we have designed road surfaces 
for maximmn stability before applymg the calcium chloride whereas 
Burggraf's mvestigations mvolved the treatment of existmg surfaces 

The performance and service of gravel roads depend largely on the 
properties of the finer constituents The tests developed by the U S 

SrAB/UTY 
Resistance to lateral floui when loaded 

INTCRNAL FRICTION COHESION 
Resistance of soil grains to Stickiness or resistance of soil 
sliding over each other grams to being pulled opart 
This basic property supplied by This basic property supplied by 
Stones or gravel Clay which pnvides'true'cohesion 
Sand Moisture which provides 

^moisture"cohesian-moy be 
•SIIf supplied by calcium chlonde 

Compaction 

Figure I . Basic Soil Properties Required to Obtain Stability in Gravel Roads. 

Bureau of Public Roads for measurmg properties of subgrade soils 
furmsh very sigmficant information when apphed to the finer constitu
ents of road gravels These tests have made it possible to specify how 
a natural gravel should be modified, by the addition of constituents 
which may happen to be lackmg, so as to produce a combination possess
ing maximum wet- and dry-weather stabihty In other words, by this 
means the fine constituents are adjusted to give the most stable filler 
obtamable for the gravel 

Stabihty of soil is defined as resistance to lateral flow when loaded 
Figure 1 shows how stabihty requires the presence of two of the basic 
soils properties, mtemal friction and cohesion Internal friction, which 
IS the resistance of soil grams to slidmg over each other, is funushed by 
sharp stones and gravel, sand and silt Cohesion, which is the stickmess 
or resistance to bemg pulled apart, is furmshed particularly by clay and 
is supplemented or improved by moisture and compaction That por-
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tion of the cohesion supphed by clay is usually called true cohesion 
We define that part added by small amounts of moisture as moisture 
cohesion Calcium chloride sUpphes moisture cohesion 

Figure 2 shows the vanous soil constituents found in subgrades and 
gravels as classified accordmg to size by the U S Bureau of Pubhc 
Roads The relative sizes of fine sand, silt and clay particles are shown 
m the magmfied illustrations in the right-hand column For full dis
cussions of sod properties the reader is referred to pubhcations of the 
U S Bureau of Public Roads * 

The functions of the various soil constituents are shown graphically 
m Figure 3 It will be noted that there is a maximum amount of clay, 
which it IS permissible to use in the finer portion of a gravel, m order to 

Name Particle size 
dia in Inches 

Scree 
Passes 

n size 
Retomed 

Remarks 

^1^3 
Fme soTdx ISO 

Grovel or 
mrse imtawls over oa 10 mesh Alone or in mixtures these 

constituents furnish 
tUqh Internal Friction 
Little or no Capillarity 
No Cohesion 
No Compressibility or ElasfKity, 

hence are non- expansive 

^1^3 
Fme soTdx ISO 

Coarse sond oi to OS 10 mesh SOmesh 

Alone or in mixtures these 
constituents furnish 

tUqh Internal Friction 
Little or no Capillarity 
No Cohesion 
No Compressibility or ElasfKity, 

hence are non- expansive 

^1^3 
Fme soTdx ISO 

Fine sand ooe to OI GOmesh ZTOmesh 

Alone or in mixtures these 
constituents furnish 

tUqh Internal Friction 
Little or no Capillarity 
No Cohesion 
No Compressibility or ElasfKity, 

hence are non- expansive 

^1^3 
Fme soTdx ISO 

oooe to ooe 

Sifplies Internal Fnction io stable mixtures 
1 Some Internal Friction 

timlthos < IjljVUJetrmientalCcpllhrity 
\Coaipressit>illty,tKnce is expansive silt X ISO 

aoy Under oooe 

•Supplies Cohesion to stable mixtures 

(No Internal Friction 

^•^^{nThcretSn' 
\^ Coaipresslblllty.hence Is expansive 

ChyxISO 
Colloidal or 

gluey maten^ Under 00004 The smaller particles included in the ckiy constituent 

MKO flakes Clastic and undesirable 

Peat Clastic, highly c(plllory and undesirable 

DIofoms Skeletons ofmicrosccpic organisms. Non cohesive and undesirable 

Fig 2 Representative Soil Constituents as Classified by the U. S. Bureau of 
Public Roads. 

obtain maximum cohesion without encountering detnmental effects m 
other directions Excessive amounts of clay, upon becommg wet, 
lubricate the sand particles and cause wet-weather instabihty The 
Bureau of Pubhc Roads soil tests, make it possible to determme the 
correct amount of clay which should be present m gravel to obtain the 
benefits and avoid the undesirable features 

The effects of the composition of the fine constituents of gravel upon 
stabihty were demonstrated by some tests made on an mdoor test road 
This test road was so arranged that it could be artificially subjected to 
ram or to drying conditions 

• Public Roads, June, July, September and October, 1931 or Reports on Sub-
grade Soil Studies of Bureau of Public Roads 



DISCUSSION 1932 REPORT 47 
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^and grains alone, sipply It partefes interspersed 
tiardiess and internal fiiction to provide embedment for 
only sand groins 

C/c '̂ on surface of sand 
and silt groins acts as a 
cement,providing cohesion 

Correct amount of clay, 
upon becoming wet expands 
only enough to fill the pore 
spaces, leaving the sand 
grains undisturbed 

Excessive amounts of 
clay upon becoming wet, 
expand and dislodge sand 
grains making possible 
easy entrance of more 
water, hence causing loss 
of stability 

Figure 3 Functions of Constituents In Sand-Clay Mixtures. 

The sections of the test road were first covered with the sand clay 

mixtures given in Table I Then a one inch layer of high quality natural 

gravel was spread on the left hand one half, leaving the right half with 

the sand clay surface Calcium chloride was distributed over the gravel 

surfaced left half at the rate of one-half pound per square yard the day 

before the picture (Figure 5) was taken Figures 4 and 5 show the five-

section test road with the rain-maker at the left and the hot air ducts at 

T A B L E I 

COMPOSITION AND PROPERTIES OP SAND-CLAY M I X E S 

Mechanical Analyses*—Percentage by Weight 
Section 

A B c D E 

Coarse Sand (2 0-0 25 mm ) 37 34 38 34 34 
Fine Sand (0 25-0 05 mm ) 47 39 40 53 59 
Silt (0 05-0 005 mm ) 1 7 6 2 3 
Clay (Below 0 005 mm ) 15 20 16 11 4 

Physical Properties*—Moisture Percentage 
by Weight 

Liquid Limit 16 15 15 16 17 
Plastic Limit 15 11 14 None None 
Plasticity Index 1 4 1 None None 
Shrinkage Limit 15 12 15 15 17 
Field Moisture 12 10 12 12 19 

* For interpretation see Public Roads, June, July, September and October, 
1931, or Reports on Subgrade Soil Studies of Bureau of Public Roads. 
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the right. The road slopes downward from the cement curb side at the 
left to the steel plate side at the right. The latter is perforated at 
different levels and provision is made to collect, separately, the water 

hbter inJef p/pe Direction of yrarm air 

iMofQT 1o rotate spray^ pipe ^ , 

Gr<nel surface CMtse -,\ 

Sand-Clay course IVqter str^m trcnrels 
inbotl^ directions 

111 Concrete bose-^ 
^ Coarse gravel drainage layer 

Drainpipe from 
surface 

\ Drainpipe from 
drainage course-

Sample containers 

Drain pipe from 
sand<hv course 

Figure 4. Cross Section of Indoor Test Road. (From Dow Chemical Co.) 

Figure 5. Method of Compacting Indoor Test Road. 

which tends to flow from each level of each section. The water thus 
obtained may be measured and analyzed in the case of calcium chloride 
studies. The loaded truck shown in the picture is the one used for 
compacting the various soil mixtures in place. 
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Previous to the calcium chloride application the road had the appear
ance exhibited in Figure 6. In this latter picture it will be noted that 
the gravel could not be compacted on Section " E " which had the lowest 
clay content. The calcium chloride, however, provided enough moisture 
cohesion to assist in compacting to the extent shown in Figure 5. 

After the road was prepared as shown in Figure 5, artificial rain was 
allowed to fall on it at the rate of four-tenths of an inch per hour. Dur
ing the time of the rainfall a single-tire truck loaded with sand was 
operated back and forth at the rate of approximately one complete trip 
per minute. The appearance of the road at the end of 50 minutes of 

Figure 6. Gravel Cover on one-half of Indoor Test Road. 

such traffic during the rain is shown in Figure 7. In this picture it will 
be noted that Section " E " was very much softened by the rain and traf
fic. Section "D" stood up fairly well as did the other sections. At the 
end of the 50-minute period, planks were placed on Section " E " so that 
the tests might be continued. 

At the end of 5 hours continuous rainfall and traffic the test road had 
the appearance exhibited in Figure 8. In this picture, Section " E " may 
be said to have failed entirely, and Section "D" was in bad condition. 
Sections "A," "B" and "C" were all in relatively good condition. 

The road was subjected to a current of dry, warm air during the night 
following the test, and at the end of some 16 hours of such treatment it 
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Figure 7. Fifty Minutes of Wet Traffic Test on Indoor Test Road. 

Figure 8. Five Hours of Wet Traffic Test on Indoor Test Road. 



DISCUSSION 1932 REPORT 51 

had dried out quite appreciably. A light Ford dump truck was then 
driven back and forth over the road to smooth it up somewhat, and the 
appearance after this treatment is shown in Figure 9. In this latter 
view it will be noted that Sections "A," "B" and " C " were in excellent 
condition. These sections contained from 15 to 20 per cent natural 
local clay, whereas Section "D" which contained 10 per cent of the clay 
was rutted somewhat, and Section " E " which was in very bad shape 
contained only five per cent of the clay. 

Figure 9. Indoor Test Road Partially Dried after Five Hour Wet Traffic Test. 

After the test road was put into the condition shown in Figure 9, the 
sand-clay mixes were removed down to the drainage layer of coarse sand 
on which they rested. Figure 10 shows the appearance of this coarse 
sand and it will be noted that Section " E " was the only one in which 
water had penetrated through the four inches of sand-clay base into the 
coarse sand. The higher clay content of the other sections had helped 
seal them sufficiently so that the water would shed off the surface rather 
than flow down into the drainage layer. This series of photographs 
shows the difference in stabihty and permeabiUty to water which occurs 
with reasonably small differences in clay content in sand-clay mixtures. 

In cooperation with the Maintenance Division of the Michigan State 
Highway Department, the gravel on a state trunk line was stabilized in 
order to observe its service under traffic when treated with calcium 
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chloride. The original project consisted of two miles of the road, but 
the results were so satisfactory that an additional ten miles were under
taken and completed at a later date. Briefly, the treatment consisted 
of determining by physical tests the amount of clay required to produce 
maximum stability of road without introducing an excess which might 
.cause instability in wet weather. 

The gravel was scarified to a depth of three inches and incorporated 
with the clay by thorough mixing, after which the road was shaped with 
grader and truck-blade and surface-treated with calcium chloride. This 
process produced a firm, dustless road, free from loose material, during 

Figure 10. Indoor Test Road with Sand-Clay Bases Removed. 

the summer and early fall. In wet weather the road did not pit so much 
as did the untreated portions. 

Maintenance was only necessary immediately after periods of wet 
weather. This result was in accordance both with theories and observa
tions of calcium chloride behavior in stabiUzed roads. These are 
graphically brought out in Figure 11. Following prolonged dry periods 
the calcium chloride will be found close to the surface of the road. 
Figure 11 (1). When rain begins, the surface of the road admits a cer
tain amount of water. The first portion which is absorbed by the road 
serves to carry the solution of calcium chloride down below the surface. 
Figure 11 (2). When the surface material becomes saturated with water 
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or the pores become closed in part by expansion of the clay constituent, 
subsequent rainfall is shed off mto the side ditches No great quantity 
of water is permitted to enter the surface, so no ram water carrymg 
calcium chloride m solution passes mto the subgrade even though the 
latter be porous or sandy nature Figure 11 (3) shows the calcium 
chloride well down below the surface of the road after rainfall has ceased 

The drymg action of the stabihzed gravel road is shown in Figure 11 
(4) As the moisture m the top layer of the road material dries, it is 
replaced by the water contaming calcium chloride This solution, 
havmg been stored below durmg the ram, is brought to the top by the 
capillarity or wick-hke action of the soil material between the stones 

r f f e c t of rain Calcium Chlerldt tok/Hon umhtd infp loam- part t - f f g c ; <Ji luui efroad aurTacQ olrrny aarly period of ramfbW 

Surface flam oftar Owl It aaturatmd I I I I I ^ I 

ji±lU 1/ I I 
No consldarabi* lot* of talutlon Into 

aubqrada rojardloat of Hi pnparflts. 

PotiHon ofchhhdt at aurfacm bofora rain PotlHon of chlarlda at wator 
ponotratoa road surface 

Elf feet Of drying 
Jf^tor la first avoporatad f m aurlbca, then 

I I I Cakkjm Chhnda la concentrated near surface 

yilattr containing Calcium Chloride la brought 
to aurfoca by capillary or wick action 

Poaltlon of chloride solution immediately Position of ehlande as water In 
following rain aurfyce layer of road la evaporating 

Figure 11. Behavior of Calcium Chloride In Sand Clay Gravel (From Dow 
Chemical Co) 

It IS then evaporated to a calcium chloride strength at which it wdl no 
longer lose water to the air under the existmg humidity conditions The 
solution remams at the road surface durmg the subsequent dry weather 
and promotes dustlessness and stabihty by providmg moisture cohesion 
This IS the situation previously shown m Figure 11 (1) 

With this condition prevailing it is desirable to elinunate machme 
mamtenance to the greatest degree consistent with keepmg the surface 
smooth Cuttmg the surface of the road when the calcium chlonde is 
concentrated near the top results in the removal of this moisture-retam-
ing material from some places and its concentration m others The 
resultmg dry spots ravel more easdy than the rest of the road, due to 
lack of moisture cohesion Some of the damp material loosened by the 
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dry weather maintenance may be thrown off the road by traffic before 
it becomes packed down. This is a loss of dustless binding material 
rich in calcium chloride. 

The fact that the calcium chloride is at the surface of a road in dry 
weather is also the reason for avoiding the presence of loose cover or 

I S/rtg/r App/icalton of Ca/ciumCh/oride 
V ffotnfenance tvifh TrucH Blade 
» Moir>ftnonce*v/fh MoforGmOer 
A /fainfoU 

\ >y^„i>fc 
SEPTEMBER OCTOBER P i 

norCMBCR 

Figure 12. Maintenance and Rainfall Record on Stabilized Gravel Road. 

Figure 13. Junction of Test Road with Part Maintained in Regular Manner. 

stories on the surface. The movemeni of traffic over such loose ma
terial under these conditions causes them to abrade and punch IKJICS in 
the surface, thus resulting in disturbance and losses of calcium chloride 
similar to tho.se which may be caused by dry weather maintenance. 

After rainfall has ceased, the calcium chloride is located well below 
the surface of the road as in Figure 11 (3). This is the best time for 
maintenance. ('utting and shifting about of the top inch of the road 
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does not deplete some portions of the surface of this calcium chloride 
and build up higher concentrations in others 

The maintenance record of the Michigan test road described above is 
shown in Figure 12 It will be noted that the applications of calcium 
chloride were relatively light as compared with the usual procedure 
These were completely effective because the modffied gravel appeared 
much more sensitive to small amounts of calcium chloride than un-
stabihzed gravel Tests showed that by continuously mamtaimng a 
calcium chloride content of about three tons per mile, 16 feet wide, the 
road was absolutely dustless in dry weather Figure 13 shows the junc
tion of the test section with the part of the road mamtamed in the 
regular manner 

The foregoing discussion has been condensed because of limited space 
Only the highhghts have been presented but they indicate the close 
relationship between behavior of calcium chlonde and properties of the 
road on which it is used The mamtenace record which is presented is 
in agreement with Mr Burggraf's observations and conclusions 

M R C N C O N N E R , American Road Builders' Association Several 
years ago I had occasion to inspect the calcium chlonde treated roads 
in Michigan and Vermont and I was unpressed at that time by the differ
ence of opimon among engmeers as to whether or not a surface mulch 
should be used on them The opimons differed considerably even in 
Michigan I n some of the districts the engineers thought that the clay 
content was quite important They found that where there was con
siderable clay, and no surface mulch was used, the roads pot-holed 
quickly, and that the surface mulch prevented pot-holing 

Another thmg is that the surface mulch prevents the calcium chloride 
treated roads from becoming slippery In Vermont roads were slippery 
where calcium chloride is not used at all, particularly when rain had 
fallen 

M R S T E W A R T I might add that any slipperiness of stabihzed gravel 
roads is prevented by use of the physical tests which maintain a correct 
balance between the clay and sand 
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