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THE APPLICATICN OF

CHLORIDE SALTS FCR ICE CONTROL TO CONCRETE PAVEMENTS

CONSTRUCTED WITHOQUT THE USE OF AIR-ENTRAINING AGENTS

At the present time it is ihe policy of the Michigan State Highway
Department to permit the application of chloride galts wlthout abrasives
to:bituminous_road surfaces for ice control. The questlon hag arisen as
to whether or not such a practice may be safely extended to include con-
crete pavements of a definite minimum age which have been constructed with-
~out the use of alr-entraining cements. The advantauges Yo be gained by such

& procedure are guite obvieus and can be readily appreciated by the high-
way éngineer. It would not only effect a considerable cconomy of materials,
men, and equipment? bt would also eliminate troublesome abrasive residues
which may clog drains and contribute materielily to the deterioraticn of
the pavement by thelr grinding action uvnder traffic and infiltration into
joints and eracks.
With these consideratione in wind, the Testing and Research Divislon
was rgquested by the Mointenance Division and authorized by H. C. Coons,
Deputy Commissioner and Chief Bagineer of the Departnent, tc make a study
of the problem during the past winter in order that conclusive dota might
be obtained upon which to base future policy in the matter. |
In the literature on the subject of scaling caused by the application
of chloride salts to concrets pavements, the stotement has frequently been
made that concrete pavements more than about four vears of age are lesg
vulnerable to atiack by these salts than those of lesser age (1pe(2) Al-

though this statement appears to have been founded upon reliable general

#* Sea blbllography appended to thia report.



ohservation and experiencé, no definite gtatistical data have been found
which could be used to determine the minimum age at which chlorides could
be gafely applied to concrete pnvements in’Michigan in sufficlent concen-
tration for ice control without the use of abrasives.

The first problem to be solved, then, was: What is the minimum'age
of the concrete after which chloride salts may De used for ice control?
Other questions naturally arogse. What characteristics of the concrete it-
gelf, other than age, will influence its resistance to this type of atiack?
Will chloride salts be as effective in melting ice and packed snow on con-
crete pavements ep they are on bituminous surfaces? What effect will ftem-
perature at the time of application have on the comparative efficiency of
the two methods (applying chloride salts with and without abrogive) in
eliminating traffic hazards? .

Some of these gquestions have been answered for all practical purposes
by the results of fisld studies. Others have been answered in the labora-
tory. Of the pavements selected for the accelerated test,renging in age
from four to nine years and all/in good indtial condition, none showed any
éppreciable scaling a% the end of the test §xcept the youngest. Observa-
tion of some other pavements whese history is known definitely establishes
the fact that age is of no benefit to intrinsicsolly poor conerete; rather
the reverse. Rock salt and flaske calcium chloride appeared to be about
equal in thelr scoling effect on the yomger concretes, while evaporated
fine sall of a relatively pure grade had 2 noeticeably less effect than
elther. 8ince the use of chloride palts withwut abrasives necessarily im-
plies bare pavement malntenence spd the meliing puwef ci the chloride salts

diminishes wiith decreaging temperatures, some difficulty wmay arise in



completely clearing the pavements frum ice when applicaticns of raw salts
are nade at temperatures below approximately 10 degrecs Fehrenhelt. In
stich cases sand-chloride mixtures will probably have to be used.

The several phases of the study menitioned above will be discussed in
this report under threeigeneral headings, fleld studies, properties of
salt solutions and phase relations, and the age effect. The first part
will deal with the results of the work designed to evaluante the age factor
and the effect of quality of the cuncrete on lts subsequent resistancs to
scaling. The gecond will deal with the properties of galt sclubions and
phage relations as they affect the pyob&em under counsideration. Finally,
an attempt will be made to point cul some of the factors in the mechonism

of the age effect.



FIRLD_STUDY

" The fisld werk was originally set up to include two types of test.
The first was to consist of an accelerated freesing and thawing treatment
applied under close conirol by experienced personnel to selected areas four
years old on the Michlgan Test Road anﬁ en other sectluns of pavement in
the viecinity of the %test rosd which had attained ages of 6, 7, 8 and 9
yearg. The second type of test was to be somewhat different in detall and
| more comprehensive gecgraphicnlly; In this phase of the [leld atudy rock
#alt, instead of pand-chlorlide, wag to be applied for rouiine ice control
to conerste pavements at approximately £ifty designated locatlons through-
out the central port of the state, the wori to be done hy Department
maintenance methods and in cuoperatiom with the various countly and ¢ilstrict
maintenaﬁce engineers. - All locatliong selected for the second type of tsst
were on pavenents more than four years old and records were to be keptb by
the Comtby pergomnel of the dates and times of sgalt spplicetion, amounts
used, bemperature at time of spplication and other pertinent date. Since
the fileld work of this ftest had not progressed far enough to yield notlce~
able results by the snd of the first winter, (1944~1945) only the tests
conducted at the Michlgan Test Road and vielndty will be discussed ﬁt this
time.

Desceription of Tesls

The leecslity chosen to provide sites for the econtrolled freesing and
thawing tests had several luportant advantages. Winters are rigorous,
allowing almost dally cycles of freszing and thawing. Experiemced operstors
who had conducted similar tests on the durablility projegt of the test rosd

were avallsble to carry on the work, snd ungcaled sections of pavement on
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US 10 reanging in age from 6 to 9 &ears in yearly intervals lzy within a
few'miles of the test road. The following paragraphs describe briefly the
materials used, location and construction of test panels, test procedufe
and deta obtained.

Materials: Rock salt and floke calclum chloride conforming to stan-
dard specificaticns of the Department, and a commercial evaporated tins
salt were used in the tests.

The calcium chloride was a well-known brand meeting the

following reguirements as to chemical composition:

Calcinm Chloride, CaClp (anhydrous) % Min.
Magmesium Chloride, MgClz ' 0.5% Max.
Total alkali chlorides 2.0% Max.
Other impurities 1. 0% fax,

Chemical analyses of the rock gall and evaporated fine salb (Table I)
show that the eveporated #alt was of o high degree of purdty, ut that tho

rock salt contained an apprecizble amount of caleium sulphate.

TABLE I

CHEMICAL ANALYSES Of ROCK 3ALT AND EVAPORATED SALT

Heoolk Salt ivaporated Salt
Meisture, as received, percent 0.62 C0.65

Calculated composition (dry basis) percent

CasSo 4 1.65 ‘ 0.06
Mg012 0.42 0.1l
Ca612 0.06 D24
1118203,A1203 ,Sioa ().(_:)9 O-Oz{»
NaCl (by difference) 97.18 99.55



Location and Construction of Test Panels: Six test areas were laid

vut at the locations given in the following table:
TABLE 1T

LOCATION OF THEST ARBEAS

Test Area General Age

Number ___ Route Irofect Lecation =~ Statien  puilt  Yewys
1 M-115  18-20,03 Series 4B 564400 10-1940 4

Cement No. 1

2 M-115  18-20,03 Series 41 490455 10-1940 4

Cement No. 2

3 Us-10  18-16,09 M-115 to 860+00 51938 6
Lake Station

At Us-10  18-10,09 M-115 4o 893+00 . 113937 7
Lake Station :

5 Us-10  18-10,06 Clare to TL4C0 71936 g
Farwell

6 US-10  18-16,01 Farwell tc 300400 0 6-1935 9
M-115 -

# Project 18-16,09, Stations 830+00 to 862400
constructed in 1938, Balsnce congtruected in 1937.

. Each tegt area consisted cof three sections, one each for tests with
rock salt, fine salt, and calelum chloride. 'hese gectlons were each 2
feet wide, 18 feetl long, and dyked at the boundaries by mesng of 3/4 inch
wooden strips cemented end sealed to the pavement surface with tar, Addi-
tional dykes were added to ench sectlon across the short dimension to

facilitate the dally work and create o more uniform layer of water or ice

over the surface of the puvement. Figure 1 showg a view of o typleal beat

mres after the installation of panels.
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Figure 1. Typlcal installaticn of test panels.




Test Procedure: The test procedurs adopted was essentially the same

as thet nsed In the zccelerated scaling studies conﬂucte@ wn the Dur-
ability Project of the Test Road during the winters of 1940-1941 and
1941~1942. Water was added to esch sectiua of the test area to 'a depth

of 1/4 inch and allowed to freeze over night. The following morning
conmercial rock sali, evaporated flne salt and calcium éhlmride WETE
applied to their respective panele at the rate of 5 pomds per 36 sguare
feet. After deconposition of the ice, the surface of the pavemant.was
clearsd, flushed and again covered with water to & depth of 1/4 ineh., This
congtituted o daily cyele of freexing and thawing. Whoen scaling ccourred
the amount was determined ab esch successive cycle by superimposing a grid

with cross pleces 12 inches apart vn the test panel and estimoting the ex—

tent of the affected ares. .

Test Results: Freezing and thawing with the two types of sedium
chloride was begun January 23?'194§ and thlrty eyeles had been completed
when the teets were discontinued cn March 10, 1945. The calciun chloride
tests did not get under way untill January 30th, and ran for 26 cycles. At
test area No. 1, located on the durability project of the Michigan Test
Road (standard cunstructicn, brand Ho. 1 cement), the caleium chloride was
applied to concrete of an adjoining serles cuntaining Orvus. Cumplete data
of the gtudy are given in Table TII.

Discusgion of Results

The data obtained from this study throw some 1light on the subject cf
age afifect and the comparative eféect of dlfTerent types of chloride used,
which topics will be discussed in order. There is, however, a third in-
portant factor which wmust be considersd in connection with the age effect.

This factor is the quality of the original concrete. Althcugh no data of

_ 8 -



thig kind were obtained in the present field étudy, all oi the test arveas
being loeated on unscaled and epparently sound concrete, the subject of
the effect of quality on the subsequent scaling of concrete will he
touched on here because of ite assoveiation with the age effect.
TABLE ITL
SUMMARY OF DATA FROM CONTROLLED FIELD STUDIES

Tercent beoole

Test Area Age - 30 _cyeles 26 _oycles
Number - Years Fine galt Bock Jalt Caledun Chloride

1 & 19 38 o

2 4 8 13 il

3 6 0 0 0

4 ( 0 0 0

5 g8 ‘ 0 0 0

6 9 0 0 0

# This ponel plzced on concrete contsining Orvus.

Effect of Ape of the {unerete: From the dota in Teble IIT it can be

seen alt once that no signlficant scaling vecurred: on any of the concretes

6 to 9 years of age. This ig shown by Fipgures 24, B, ¢ and D which illus-

trate the conditlon of the rock salt psmele at test areas 3, 4, 5 and 6

4

at the end of 30 cjcles of freezing and thewing. Flgures 34 and 3B shbw.
that concrete contalning Orvus is still as resistent Lo the action of
calcium chioride as it wag three years ago. Doth «f the four year old
coneretes scaled to gome degree in this test, the extent of the secale in.
test area No. 1 belng more than double that of Ne. 2, Both, however,
Have lmproved definitely-in scale resistance since similar tests were
made when they were a little more than a year old. The following data are
taken from the results of durability tests on the Michigan Test Road
during the winter of 1941-1942°

-9 -



x Figure 2A. Rock Salt panel of test area No. 3 after .
30 cycles. Cencrete 6 years old. No
scale. .

Figure 2B. Rock 8Salt panel of test area No. 4 in .
s ’ foreground after 30 c¢ycleg. Concrete
7 years old. No senle.

-'10 -



Rock Salt panel of test area No. 5 after
30 cycles. Concrete 8 years old. No
scale.

Figure 2D.

Rock 8alt panel of test ares No. 6 after
30 cycles. Concrete 9 years old. No
scale.

i



‘Tigure 3A. Calcium Chloride panel of test area No. 1
after 26 cycles. Pavement 4 years old
containing Orvus. Project 18-20,C3.
Statlon 463+50, No scale.

Figure 3B. Calcium Chloride panel No. 12 after 93
cycles. Pavement 1 year old containing
Orvus. Project 18-20,C3. Station 464+54.
No scale.
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Sealing Studies 1941-1942
Factor Studied Panel No. . Qveles: Percent Scale

Standard Construction -

Cement Brand No. 1 11 41 100
Cement Brond No. 2 21 32 160
Cement Brand No. 1 , 27 9 100
Cement Brand No. 2 16 9 100
Cenent Brand No. 2 34 7 100
Cement Brend No. 2 | 33 9 100

Calciun chloride was used in the tests recerded in the above table.
Note that all concretes of stondard construction scaled 100 percent in
7 fo 41 cyeles, with the majority falling completely at less than 10
cycles. At four years of age, concretes of the same materials and con-
struction show a maximu of 38 percent scale abt 30 cycles of freezing snd
thawing. Photographs iilustrating the condition of standard CUncrepe in
Series 41 of the durability projeect conitaining cement brand 2 after tests
at ages of 1 and 4 years are shown in Flpures 4A snd 4B. The cenclusiung
to be drawn from the foregoing data confirm prevailing opinien that there
is & progressive beneficial effect of age on the resigtance of good con-
crete to scaling from the actlon of chioride saltg. For these pavements,
and under the conditions of this test, the minimum age for ﬁractieal
imminity seems to lis scmewhere between 4 and 6 ysars.

Effect of Type of Chloride Used for Ice Cuntrel: Again.referring to

Table III, it may bhe seen that, on the twoe areag where scaliné occurred,
the action of ruck salt was cunsidérably mere vigorous than that of the
evaporated fine salt. Although it ig dangerous to draw final conclusions
from the limited date avallsble, the wide difference between the severity

of action of the two scdium chloride salts is certainly significant, and

-~ 13 -



Figure 4A. Caleium chloride penel No. 16 after 9
cycles. Pavenent 1 year ¢ld containing
cement brand No, 2. Project 18-20,03.
Station 510+76. 100 percent scaled.

Flgure 4B. Celciwa chloride panel of test ares No.
after 26 cycles. Pavement 4 yesrs old
containing cement brand No. 2. FProject
18-20,C3. Staticn 500+50. 1l percent
scaled.

- 14 -



4dditional field tests should be performed to verify the resﬁ}.’cs of this
phase of the study. Photographs in Figures 5A, B, C, and D shuw the
relative effect of the twe types of sodium chloride at 30 cycles. -
Bacause of the fact that scaling vcecured on only twoe of the arens,
one of which did not recelve éalcium chloride on a section of standord
conerete, we have the data from only one set of panels from which to
make a comparigon of the effect of calelum chloeride and sodium chloride
salts. At test area Nc. 2, where these panels were located, 11 percent
of the surface was scaled by calcium chloride cumnpared t¢ 8 and 13 per-
cent by fine galt and rock solt respectively. Since the section treated
with calecium chloride was subjected to wnly 26 cycles of freezing and
thawing as against 30 cycles for the sodium chloride panels, it appears
that rock salt and calicium chioride were about equel in gecaling puwer,
with the fine salt preducing noticeably legs effect than either. The
photograph of the caleium chloride section of test aren No. 2 showm in
Fipure 4B may be referred fo for compariscn with those of the rock salt
and fine salt secticns of the sane test area given in Figures 5C and 5D.

Effect of Quality of the Concrete: The purpese of this paragreph is

to emphaesize the fact that initially poor concretes connot be expected to
‘derive benefit in salt resistance from the aging process., Characteristics
of the cement, quality and grading of the aggregates, proporticning and
placing of the mix, finishing, aend curing all have én-infiuéndé omoe oo

permeabiiity to salt sclutions and subsequent durability. Figure 6 illus-

trates the effect of chlorides on a concrete pavewent 12 years old carrying
inferior aggregates. Even air-enitraining agents cannot be expected to
protect sach aggregates (5) (6). The wust essential reguirement of o

potentially registent portland cement concrete cunstructed without alr-
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entraining agents is a dense, nore or less lmpermesble surfoee which pro-

hibite the entrance of water and galt sclutiins.  In such n comerete, im-

permeability of "tightnesgs" will incresse with sge. Scnme or oll of these

conslderations may have influenced scie authors to modlfy the sictement

referred t¢ in the introductiun of this repert to read "ungenled povements

more than four yesars old - - « = " (3) {4).
evar, which are fundapentdly sound, snd still

to laitance formed by axcespive pmanipulatiom

conerete. Unless the sealing has been progre

There nay be pavements, how-
show a light surface gcale due
at the time of placing the

sgive, 1t aay be taken for

granted that the cuncrete 1s sound and its conditlin ecan ba econsidered to

cae within the meaning of the term "unscaled™,

- 16 -



Figure 5A.

Fine salt panel of test area No. 1 after
30 cycles. 19 percent scaled.

Figure 5B.

Rock salt panel of test area No. 1 after
30 cycles. 38 percent scaled.
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Figure 5C. Fine sall panel of test area No. 2 after .
30 cyecles. 8 percent scaled.

Pigure 5D. Rock salt panel of test area No. 2 after
’ _ 30 cycles. 13percent scaled.

1
i
'
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Figure 6. Photograph showing the effect of chloride
salts on concrete containing inferior
aggreg\ates.

1




PROPERTIES OF SALT SOLUTIONS AND PHASE RELATIONS

In addition to the field tests described in the preceding paragraphs
gupplenentory studieg were underiaken in the laboratory to oblain furiher
information of value bearing ou the subject, and to aid in the interprete-

tion of the field data. Thisg part of ths work should properly include a

brief review of some of the properties of coleium ond sodium chloride
golutions and rvhase relationsg of the asysten salt-water-ice, becauge of

their importent bearing on the whole subject of wmelting snow and ice by the

. - L] >
additlon of chloride salts.

In order to fix in mind some of the fundamental principles involved

4

in the action of salis on ice and snow, sttention 1z celled to the mguili-

brim: disgrams presented in Figure 7. These dlagrrms give all of the
conditions of equilibrium, exclusive of the vepor phase, which exist in the
two systetis GaClzmwaterwice and NaCl—waterwice at normel atmespheric pres-
gure, and are of congldersbie practicenl vslue in the study of snli action
on ice or gnow. Both of the dingrams werse prepared from solubility and

freezing point data of the pure salte (7}, but may be applied without

NS appraeclable error to the materials used in this investigation. Tor the
purpuse of the vresent digcussion, atbention will be confined to the por-
tiong of the twe dlsgrons which lie below the nornel freezing peint of

pure water (320F.).

- 20 -
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Referring to the first diagrem in Flgure 7, CD represents the
freezing point curve of aquéous gsolutiong of caleiun chloride and DE the
solubility curve of caleium chloride in water at temperatures below 32°F.
Interpreting the curves, ﬁhis mesng that at concentraticns of calcium

chloride of less than A5 pounds of the salt to 100 pounds of water, only

ice can exist in contact with the scluition at temperatures from 32°F down

to the eutectiec point D at - 63.49F, and that at greater concentrations
than this, caleium chloride hexahydrate iz the only possible zolid phase
in the some temperature range. Twé examples will 1llustrate. First,
suppose we gtart with a solution of 20 pounds of calelum chleride in 100
pounds of water at 68°F, (peint A on the diagram) and then cool it gradually.,
No solid phase will form from the solution until the freezing point curve
CD is reached ot point F, corresponding to a temperature of about 6°F. AL
this point sclid ice begins to form which automatically increases the con—
centration of salt by removal of some of the solvent from the liquid phase,
and, on further cooling, dce continues tu form at temperatures and concen-
trations of salt sclution representiad by the curve D until the eubectic
point D is reached where the whole solidifies into a mass of ice ond cal-

clum chloride crystels. Below the point D no liguid phase gan exisgt.

Now suppose we take a golution conteining 55 pounds of ecaleiunm
chloride, instead of 20 pounds, per 100 pounds of water and cool in the
same manner. Here no golid phase will leave the soluticn until point G

(14°F.) on the solubility curve DE is reached. At this point =olid crys-

tals.of the hexahydrate of caleium chloride, Ca012.6H20, begin to form and,
on further cooling, more of the malt continues to erystallize from the
solution due to its decreased solubility at lower temperatures. Caleium

" chioride crystals constitute the only solid phage 1In contact with the
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golution, and, on still furfher cooling, continmue to form at temperciures
and concentrations of the zalt solution given by the curve DE until the
eutectic point D is again reached. Below this point the whole sclidifles
into a mixture of ice and salt crystels sg before. From these exsmples,
it may be seen that only at the single point D, ceorresponding to a con-
centration of aboult 45 pounds of chloride (dnhydrous) to 100 pounds of
water at a temperature of - 63.4°F. is it possible for both sclid rphases
to exlst simultanscusly in contact with the solution.

The two preceding examples serve to present a genersl piclure of
the equiligrium conditions encommtered in the use of ealeium chleride for
ice contrel. Of wore particulsr gignificance from our standpoint, how-
ever, lg the reverse §r0¢es&, ﬁhimh ﬁakem place when salt is usec to nelt
lce. In other words, what happens 1f, ingtead of stariing with a glven
caleium chloride solution and cooling v below 32°F., we now take o de-"
finite smount of calcium chloride, gay 10 pounds, and add it te an excegs
of ice st a given temperature, say Q°F?7 If the temperature is kept con-
stant, it may be secen at once from the freezing point curve CD of the
diagram that this quantity of calcimm chloride wiil melt sufficlent lce
to produce a solution in eguilibrium with ice at the given temperature.
The amount of ice melted by the 10 pounds of chloride ig perfectly definite
at this temperature and may be coamputed directly from the curve., AL O°F.
8 solution of calcium chloride in equilibrium with an excess of iﬁe oo~
tains about 25 pounds of the salt per 100 pounds of water. By a simple
caleulation we find thot the 10 pounds of chloride will melt approxinstely
40 pounds of lce. or 1 pound to 4. The diagram for seodium chleride meay be
interpreted In a slnilar way, snd it will be found that 1 pound of salt

will melit about 3.7 pounds of ice under the same conditions. These
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figures agree with the erxperimental resulig published by the Comulttee

on Highway Maintenance of the Highwsy Reseavch Board (8). The element of
tine 1s also a factor in the melling process since the addlslon of s=itb to
ice produces & "freezing mixiture which spontanecusly 10#&&9 the tempera-

tempor-

ture of the syster below that of ite surroundings, resuliting in a
ary decreage in melting pewér.

Comparing the two disgrams of Figure 7, it is imwediateiy seviderd
that sodium chloride has no melbing power below its eutectic point {(nbout
- 6,5°F.) while calci&m chloride contimies to melt lce at mach lowar Len-
peratures. On the other hend, sodium chloride has grester weliing power
in the region just below the {reczing polnt of water, the morgin of super-
lority decreasing st lower tempersfures, snd becomes approximsvely sgual
to caleiun chloride in its abilliy to melt lee at about 10°F. Below this
point caleium chloride has the greater welting power. Published dats
referred to in the preceding paragraph on the nelting efficlencies ¢f the

two salts are reproduced here as Tablo IV for convenisnce.



TABLE IV

COMPARISON OF MELTING CAPACITIES OF CALCIUM AND S0DIUM CHLORIDE

Pounde of Tce Melted Per Pound of Chemicsl

Tenperature _ 77-80 Percent Flake
__Deg. T R Calcium Chleride Pure fediun Chioride
- 30°F, 2.9 : -
- 20 3.2 ‘ -
©o - 10 3.5 -
- 65 | 3.7 3.2
0 4.0 3.7
5 body Aal
10 ' 4.8 : 4.9
15 5.5 | 6.3
20 6.8 g
25 ) | 10.4 1424
30 31.1 46.3
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THE AGE EFFECT

The statement was made earlier in this report that the mest essential
requirensrt ¢f a durable portland cement concrete ccnstructed without air-
entraining agents is & dense, nore or less lmpermeable surface which pro-
hibite the entrance of water and salt solutions. A natural cercllary,
then, would state that any facter which tends te produce this kind of
surface would improve durability. Herein lies the key to the explanation
of the effect of age on the salt reéistnnce of concrete pavements. The
two most important processes which tend tu incresse the Impermeability and
which progress with age are the gradual closure of copillaries and small
velds through the continued hydration of cement compoundsg, and the forma-
tion of an impermeable calcium carbonate skin by stmospheric carbonaticon
of c¢alecium hydroxide un the surface,

Effect of Hydration of Cement Compounds.

Rormal conecretes of good quality consistently decrease in peymeapility
with age. It ig knowp tbat-hydration‘of cement particles cunﬁinueé for
vears after phe cenerate is placed, which process is sccempanied by an in-
crease in gtrength_ap@ #light length@ning of dimensions. The addition@l.
hydrated material pfoducﬁd iqpréases thé impermeability ol the mass, for
;t'occgpias o greater velume than the unhydrated material from which it
was formed, . Porcus aggroegates, deficient grading of oggregates, poor. cur—
;Qg and all the uther defects which produce ap intrinsiecally poor concrete

will, of oqurse,ivitiate the heneficial effect of this process.

Effect of Surface Carbonation
While the gradual closing of the pores with age 1s taking place in

conerete due tu cintinued hydration, another process is golng on which
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progressively seols the surfuce agsinst the entry of harnful solutions.
This process is.the carbonation of calelun compounds in the cenent by
atuospherie carben dicxide. It secems tu be well egtabllighed that this
reacticn increases both the gtrength and impermeability of cuncrete (15)
(16). In Figure & is shown & photomlervgraph of the tup portion of a
concrete specimen prepered from a8 core 4 years old after lmmersicn of the
specimen for 40 duys in a 30 percent coleium c¢hloride soluticn. At the
edge of the section corresponding to the read surface a slight discolera-
$icn was notlced. The pleture shows thisg discoloratien, ag well ag the
abgence of cracks in this area. The large pilece of aggregate has separated
from the cement gel along ite entire lower edge, but the orack does not
continue along the aggregate boundary nearest the rood gsurface. This
example seens Lo indicate a definite s%;engthening of the gurfzce layer

by carbonation.

Although Gonnerman (2) in his tests on the salt resistance of con-
erote was not able to produce any beneficialleffect by lahoratory ecarbona-—
ticn of concrele specimens, it le avparent that the necegsery condition fcr
.successful,carbonatimn of ccnerete wag overlocked., Bessey (16) has ghown
that carbonaticn procesds very slowly in cement products enturated with
water, dus probubly to the slow rate of diffusi.n of the gas through the
water, in which it is bnly sparingly scluble, and to the formation of a
skin of calciqm carbunate on the wet surface which the carbon diuxide
cannot penetrate. As the water content is reﬁucéd by exposure to alr at
succegsively loWer‘humidities the abgorption of carbon diéxide hecones
increasingly rapid. This no doubt explains why Gunnerman, who used gotu-

'

rated suvluticoms of earbon dicxide, was uneble t. secure the desirved effect.
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Figure 8. Thotomicrograph of a concrete specinen
after 40 days! immersion in 30 percent
. ~ CaCl, solutlon, showing effect of car-
bonated surface layer. Note absence of
cracks at the edge of the specimen.
Magnification A0X.

Figure 9. Carbonated layer on the top surface of
concrete pavement core 4 years old.
This layer is vigible as a2 lighter
colored bhand across ‘the top of the
specimen. Photograph about natural size.

¥
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Previous experimente in our laboratory, in which carbonation was sccomp-
lished by exposure t¢ an atmogphere of carbon dicxide gas indieated defin-
itely beneficiel results from the treatment.

It was thought at first that there might be some relation between
the depth of carbenaticn and the age of the concrete.  Samples of cuncrete
were token from geveral pavenents of different ages and apecinensg prapared
for examinatian by cutting vertical sectiﬁns about 1/4 inch thick through
the top surface, which were then ground on the faces and stained with
phenolphthalein. The carbunated surface was lmsediately vieible us o color—
less band in contrast tu the brightly colored red of the conerete below,
which still contained cunsiderable amaunts of basie calcium compounds.

This earbonated layer may he éeen in the specinmsn 1ilusitrated In Figure 9. .
Recent determinations of the distribution of caleium hydroxide near the
surfaces of concrete cores indicate that pgrtial cunverslion extends helow
the colorless margin but the reacticn has not prugresseﬁ‘sufficiently o
peutralize all of the caleium hydroxide present.

The depth to which the carbunation extends in any particuliar con-
crete pavement probably depends upon a nunber of choracteristies which nre
related to its permeabllity. From the examinaticon of pavenents in thig
manner no correlation was fuund between age ond depth of vigible cérhunate@
layer. It should be kept in nmind, however, that the permesabillty of thig
carbonate skin is nob necessarily related to its thickness. The depth of
apparent carbonation in samples studied ranged on an average between 1,64

drd 1/16 of an inch.
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Several other factors usually incident with age, but not involved in
chemical or physical changes in the concreteitsell, moy contribute 4o in-
creagsing immmity of pavements with tdms. Anong these wey boe menticned the

protective effect of crank case oil drippings, silting of evternsl pores

in the cunerete, and possidbly a sealing action due to tyaffic.
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SUMMARY

The combined results of the field and Llaborotory studies may be

sumanarized as followsa:

1.

Apging of normal concrets of good quality is beneficidl in
increansing its resistance to the action of chloride salts
uged for ice control.

For the p&vgmenta tested in this investigation, snd under
the conditions of.this test, some scaling occurred on
pavenents 4 years old, but nom was obsarved on pavements
6 to 9 years of age. The sealing on the pavement 4 years
old wag less than when slifilar itesits were conducted on |
the some pavenent at the ages of one yeor.

Conerete of poor qualiiy dees nobt lmprove in salt ve-
slotance with age.

The age offect is considered to be due primarily to

the gradual continuation of the hydration procesg in

the cement, and %o the formation of 2 gtrong, impsruesble
darbunate skin through the rescticn of lirme compuunds in
the set cement with atmogpheric carbom dloxide. Other
external factors, such as the depositiin of 0il filues frowm
crankease drippings incldent with age and associated with
traffic conditions, mey contribute sumewhat to the in-
proved salt reslstance of pavements with tine.

Wheve scaling wccurred on the test sectiuns of the 4 year
0ld concrete,ruck salt and caleium chloride were about
equal in severity of acti.n with evapcrated fine salt

producing a noticeably less effect than either.
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6. Caleiun chloride hag greater lce melting capacity than sodiun
chloride below 10°F., above thie point the reverse is true.

7. The use of raw chloride salts will probably nct be as effec-
tive on cuncrete pavements as n the darker bituminous sur-
faces due to the higher temperstures atiained at the sur-
face of the latter from the absurption of radiant heat.

8. Under most circumstances chloride salts cen be_used with-
out abrasives for bare povement maintenance, pruvided
they are used in sufficlent amounts during the peried of
nuderate temperstureswhich usuelly prevall during and

immediately after o gnow sterms I, however, applicotion

is delayed until the tempersture falls again to a polnt

below about 10°F., it way be difficult or even lmpossible

to melt the ice sufficlently to elinlnate traffic hazards
by this nmethod. In such coses the use of abrogives with
salt would probably heve to be regorted 4 in order to

prevent skidding.
I £
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